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Executive Summary 

- Bottom sediments in New Bedford Harbor, Massachusetts are contaminated with poly
chlorinated biphenyls (PCBs) and heavy metals to the extent that the site is currently being 

1l1li 	 studied by the Environmental Protection Agency under the Federal Superfund program. As 
part of this study the Corps of Engineers is evaluating the feasibility of dredging and 
dredged material disposal alternatives for the upper estuary of New Bedford, an area where .. 	 PCB concentrations in the percent levels have been detected in the sediments. A pilot 
study was performed in the upper estuary between May 1988 and February 1989. The 
Corps' New England Division managed this study and received technical assistance from .. 	 the Waterways Experiment Station . 

Three hydraulic pipeline dredges were used during the study; a cutterhead, a horizontal 
auger and a Matchbox dredge. The dredges were evaluated on their ability to remove the 
contaminated sediments while minimizing sediment resuspension, contaminant release, 
and impacts to water quality. The dredged sediments were placed in a confined disposal 

• 	 facility (CDF) constructed on the New Bedford shoreline and in a contained aquatic dispo
sal (CAD) cell constructed in the upper estuary. The construction, filling and capping of the 
CAD cell were of special significance as only limited information was available on this meth
od of disposal. 

This report details the design procedures and construction techniques used for both the 
CDF and CAD. It also provides a detailed assessment of the three hydraulic dredges 
which includes the results of their performance, their suitability for removing contaminated 
materials in New Bedford Harbor and recommended procedures for their operation. Final• 	 ly, this report describes the various monitoring efforts used throughout the study and dis
cusses the project's impact to water quality throughout the harbor. .. 

All dredges were able to effectively remove the contaminated sediment while minimizing 
the total amount of sediment removed. PCB levels remaining in the sediment after two 
passes of the dredge were generally below 10 parts per million with less than two feet of 
material removed. Resuspension of sediment and contaminant release was also mini
mized with no identifiable plume of resuspended material moving away from the dredging 
area and no measured elevated levels of contaminants detected in the water column out
side the immediate vicinity of the dredging and disposal operations. 
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While all the dredges were effective, the cutterhead dredge is recommended for use -should dredging be selected for removing the contaminated sediment from New Bedford. 

This recommendation is based on the dredge's ability to minimize sediment resuspension 
as well as several operational advantages addressed in the report. -

Both a CDF and CAD cell were successfully constructed and the contaminated dredged 
material was successfully placed in both disposal sites. Monitoring for any leaching of con
taminants at the CDF and contaminant migration into the cap covering the CAD cell will 
continue. 

-Based on the information received and the knowledge gained from the pilot project, it 
has been determined that the use of a hydraulic dredge is both a practical and effective 
method for removing contaminated sediments from New Bedford Harbor. 
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PART I INTRODUCTION 

The city of New Bedford, as shown in Figures 1 and 2, is located in Bristol County, Massachu
setts, about 50 miles south of Boston and approximately 30 miles southeast of Providence, Rhode Is
land. New Bedford Harbor, which separates New Bedford on the west from Fairhaven on the east, is - the estuary of the Acushnet River. The harbor area comprises a broad outer bay, about 3 miles long 
and 2 miles wide and an inner harbor, about 2 miles long and 3/4 miles wide to the limit of naviga
tion at the Coggeshall Street Bridge. A hurricane barrier was constructed at the harbor entrance in 
1966 to protect the area from southerly storms. The barrier constricts the opening of the inner harbor -
to 150 feet. The Acushnet River has its source in New Bedford Reservoir in the northern area of 
Acushnet, Mass. From its origin the river flows generally south about 4 miles to tidewater at the 
Wood Street Bridge and then continues south for about 1.6 miles to the Coggeshall Street Bridge. - The river drains an area of 18.4 square miles above the head of tidewater and has a watershed which 
is relatively low and flat and contains large areas of wetlands. 

• Polychlorinated biphenyls (PCBs) are industrial compounds which were commercially manufac
tured and marketed in the United States between 1929 and 1977. Chemical stability, non
flammability, and a number of other desirable characteristics made PCBs ideal for many industrial • 	 uses. Unfortunately, these same properties result in PCBs persisting in the environment and creat
ing potential hazards. In the New Bedford area, PCBs were used primarily in the production of elec
tronic capacitors, with usage at New Bedford's industrial concerns peaking at about two million .. 	 pounds per year during the years 1973, 1974 and 1975 (1) . 

PCB contamination in New Bedford was first documented by both academic researchers and the 
federal government between the years 1974-1976. Since the initial survey of the New Bedford area, 
a much better understanding of the extent of PCB contamination has been gained. The entire area 
north of the Hurricane Barrier, an area of 985 acres, is underlain by sediments containing elevated 
levels of PCBs and heavy metals including copper, chromium, zinc and lead. PCB concentrations 

• 

.. range from a few parts per million (ppm) to over 100,000 ppm. Portions of western Buzzards Bay 
sediments are also contaminated, with concentrations occasionally exceeding 50 ppm. The water 
column in New Bedford Harbor has been measured to contain PCBs in the parts per billion range 
(1). As a result of these investigations, New Bedford Harbor was designated a Superfund Site in 
1982. 

• 
 In August 1984 the Environmental Protection Agency (EPA) published a Feasibility Study of Re

medial Action Alternatives for the Upper Acushnet River Estuary above the Coggeshall Street 

Bridge (2). The study proposed five alternatives for cleanup, four of which involved dredging of the 

estuary to remove the contaminated bottom sediments. Public and interagency comment on these 


• dredging and disposal alternatives prompted the EPA to ask the Corps of Engineers to perform addi

tional pre-design studies. This Engineering Feasibility Study (EFS) was performed by the Water

ways Experiment Station (WES) with the assistance of the New England Division (NED). Concep
-
 tual designs of dredging and disposal alternatives were developed and evaluated for their 

implementability and potential for contaminant release. 

Substantial information on disposal alternatives already existed, along with an array of tests spe
cifically developed for the comparison of disposal alternatives. These allowed for a site specific - evaluation and design for appropriate disposal alternatives for New Bedford Harbor. The technical 
approaches used for the design of disposal options has been formally developed and is based on 
more than 10 years of research. A U.S. Army Corps of Engineers publication (3) presents this tech
nical approach and recommends testing protocols for assessment of highly contaminated sediments . 

.. 
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Unlike the relatively large amount of data available on disposal impacts, information associated 
with the dredging of contaminated sediments is less advanced. Recognizing that the design of 
dredging alternatives would be critical to EPA's record of decision (ROD), the decision was made to •supplement the laboratory (bench scale) studies, literature reviews and desk top analyses with the 
performance of a pilot-scale field test. From May 1988 to February 1989 a pilot scale-field test was 
carried out in the Upper Acushnet River Estuary to determine if contaminated sediments could be re
moved by conventional and/or specially designed dredging equipment without triggering unaccepta -
ble releases of contaminants. 

The pilot study achieved and/or evaluated the following specific technical objectives: 
• Evaluated the effectiveness of the dredging equipment in removing PCB 

contaminated sediment from New Bedford Harbor. 
 -
• Evaluated actual sediment resuspension and contaminant release under field 
conditions for the selected dredging equipment, operational controls and 
turbidity containment techniques. 
• Refmed and scaled-up laboratory data for design of disposal and treatment 

processes for contaminated dredged material from this field site. 
 -
• Developed and field tested procedures for construction of contained aquatic 
disposal cells for contaminated dredged material under site specific • 
conditions. 

• Established actual cost data for dredging and disposal of New Bedford 

Harbor sediment 


• Evaluated contaminant release out of the upper harbor. .. 
Attainment of these objectives achieved the project goals of providing site specific data which will 

reduce the uncertainty in the choice of alternatives for the ROD and of the final design. The infor •mation gained from the study will allow for a smoother transition as the project advances from the 
selection of alternatives into final design. 

• 
PROJECT DESCRIPTION 

The dredging techniques of three hydraulic pipeline dredges were evaluated during the pilot study. •A cutterhead, horizontal auger and Matchbox dredge were used to remove 10,000 cubic yards of 
sediment from the harbor, 2,900 cubic yards of which was contaminated. The dredged material was 
obtained from two separate sites designated as dredging areas 1 and 2 as shown in Figure 3. The 
two disposal methods used during the study were a confined disposal facility (COP) and contained -
aquatic disposal (CAD). A COF is a diked containment facility into which dredged material is 
pumped. The sediments settle out and remain in the site and the excess water is drained off and re
turned to the harbor. CAD involves placing contaminated sediment in a pit or cell which has been -excavated in the bottom of the estuary. Contaminated sediment is then placed along the bottom of 
the cell and subsequently capped with clean material. .. 

Initially the CDF was constructed along the New Bedford shoreline. Each dredge then operated in 
area 1 removing contaminated sediment with disposal in the COF. The cutterhead dredge then deep

-
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• ened area 1 to create the CAD cell with this clean dredged material being placed in the CDF to cap 
the contaminated sediment already there. All three dredges then operated in area 2 removing con
taminated sediment with disposal in the CAD cell. The cutterhead dredge then removed clean sedi• ment from area 2 and placed this material in the CAD cell as a cap. 

• 
The pilot study also included an extensive monitoring program that is described in Part II. This 

monitoring program consisted of physical, chemical and biological evaluations of sediment, harbor 
water, effluent from the CDF and leachate from the CDF. The monitoring program was designed to 
obtain sufficient data to address the technical objectives of the study while protecting public safety 

• 
 and the environment. 


PILOT STUDY SITE
• The dredging and disposal operations were conducted in and adjacent to a small cove located ap

proximately 2,000 feet north of the Coggeshall Street Bridge on the New Bedford side of the Acush
net River. The general area is shown in Figure 2 with the dredging and disposal areas shown in Fig
ure 3. The following factors were considered in selecting this site for the CDF: 

• 
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• Availability: The City of New Bedford owned a parcel of land of approximately 4.9 acres, 

on the Acushnet River and adjacent to the selected dredging areas. 

• Accessibility: The site was easily accessed via Sawyer Street and was located in a section 

of the city zoned for commercial activities which would minimize disruption to residential _ 

neighborhoods and the general public during the construction and dredging phases of the 

project 


• In-Water Dike Construction Experience: It was necessary to construct a portion of the 
dike below the mean high water line to accommodate the CDF and its attendant space re

quirements on the Sawyer Street site. While adding to the cost of the disposal facility this re

quirement did have the benefit of providing field experience associated with in-water dike 
 -
construction. The construction of CDFs below the high water line is probable if this disposal 
method is selected as part of the full scale cleanup plan. -
• Safety: The site had one additional advantage in that the on-shore soil was free of hazard
ous material. Personnel on site would therefore not be required to wear protective clothing 
nor would equipment be required to be decontaminated. Contaminated material was only en- 
countered below the high water line. Appropriate precautions were taken when working in 
this area. .. 
• Foundation Suitability: Field and laboratory investigations were conducted to provide 
data on the physical and chemical properties of the off-shore sediments and on the nature of 
the sub-soils beneath the land portion of the CDF.· A detailed description of the field explora- ~III. 
tion program along with the results obtained are contained in the 13 November 1987 report 
prepared by Geotechnical Engineers Inc. under contract to the New England Division (4) 
and in Appendix 6 of this report Essentially, the field investigation work determined that 
sub-surface conditions were suitable for the on-shore portion of the dike but that poor foun- .. 
dation conditions below the high water line would require that section of the dike to be sup
ported by a geotextile. .. 
• Limited Impact to Wetlands: Many of the open areas along the shoreline of the estuary 
are environmentally significant wetlands. Construction activities at the selected site mini
mized impacts to these wetlands. -

As previously stated. the dredging areas were located upstream of and adjacent to the selected 
CDF site. These areas, as shown in Figure 3, were selected based on the following considerations: -

• Contaminant Concentration: The level of contamination within the cove, while high, 
was considerably lower than in most areas of the estuary. PCB levels in the top 6 inches of 
sediment ranged from 150 ppm to 585 ppm and were not detectable below 24 inches. These -levels were high enough to represent conditions in other portions of the upper estuary and re

quired full observation of appropriate safety and decontamination procedures. Implementa

tion of these procedures was considered significant in that it provided an opportunity to as

sess the practicality of existing safety practices, allowed for adjustments in the cost of doing 
business in a contaminated environment and adjusted the requirements and procedures for 

conducting day-to-day operations, particularly those tasks that would be considered routine 
 ..
in a noncontaminated environment. 
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• Configuration for Containment Measures: During the dredging operation the cove 
could be isolated from the main estuary through deployment of an oil boom and silt curtain. 
This feature may have reduced the spread of resuspended material had a significant plume 
been introduced into the water column. 

- • Bathymetry: The depth of water in the cove, ranging between 0.0 to 0.5 feet at mean low 
water (mlw), approximated the depths found in most areas of the upper estuary that were 
known to contain significant levels of PCBs. 

• 	 • Sediment Physical Characteristics: The physical characteristics of the sediment (or
ganic silts and clays) within the cove were representative of the sediment found throughout 
the upper estuary . .. 

AGENCIES INVOLVED AND TIffiIR RESPONSIBILITIES .. 
The pilot study was carried out under the general guidance of EPA Region 1 and was managed by 

the New England Division of the U.S. Army Corps of Engineers (NED). NED received technical 
support in planning and evaluating the project from the Corps' Waterways Experiment Station. Ad.. 	 ministrative support and policy guidance was provided by the Corps' Omaha District and Dredging 
Division. The EPA Environmental Research Laboratory in Narragansett, Rhode Island (ERLN) 
played a significant role in the design of the monitoring program and was responsible for the majori.. 	 ty of the field work and sample analyses associated with this effort. Ebasco Services Incorporated 
designed and carried out the air monitoring program which is only briefly described in this report. 

Beginning with preliminary planning efforts in the fall of 1986, numerous federal, state and local 
agencies along with private firms and organizations, citizens committees and private individuals be
came involved with the project. The principal involvement of these agencies and individuals con
cerned the siting of project facilities and the development of the project's monitoring program. The 

• roles played by the representatives from the Massachusetts Department of Environmental Quality 
Engineering and Office of Coastal Zone Management along with the City of New Bedford's repre
sentatives were especially significant. 

• 	 Three contractors participated in the project by constructing the CDF and providing and operating 
the dredging equipment. A crew for one of the dredges was also provided by the Corps' St. Paul Dis
trict . .. 
PREVIOUS STUDIES .. 

The principal reports which established the overall operating parameters for this document are 
provided in the reference section of this report. EPA's Environmental Response Team first measured 
PCB flux at the Coggeshall St. Bridge in 1983. Their report, which showed significant PCB loads 
transported seaward, prompted further investigation of New Bedford Harbor (5). NUS Corporation 
conducted additional studies which resulted in a Feasibility Study being released in 1984 which 
identified several dredging and disposal scenarios for removing and containing contaminated materi
al from the upper estuary (2). The recommendations in the NUS report prompted EPA to request the - involvement of the U.S. Army Corps of Engineers. In response to EPA's request, the Corps of Engi
neers Waterways Experiment Station (WES), assisted by the New England Division (NED), began 
an engineering feasibility study to further evaluate dredging and dredged material disposal alterna... 
tives. The Engineering Feasibility Study (EFS), initiated in 1985, utilized the approach contained in 
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a previously published technical report by WES and others as a basis for testing protocols and tech- .........11 1 


nical approaches to develop infonnation for the initial evaluation of the alternatives. 

The results of the EFS are contained in a series of 12 reports (WES TR EL-88-15) which are listed 
in the reference section of this document. These reports detail the technical approach, field studies, 
laboratory tests and conceptual designs which were completed as part of this effort. These reports 
indicate where the pilot study would provide additional information to supplement the results of the -
EFS. The NED prepared a proposal in 1987 which described the pilot study's goals and objectives, 
the project design and estimates of contaminant release (6). Much of the data obtained during the 
EFS was used in the design of the pilot study. -
REPORT DESCRIPTION AND ORGANIZA nON -

This report details the results of the field operations conducted in New Bedford Harbor from May 
1988 to February 1989. Developed as a component of and supplement to the "Engineering Feasibili
ty Study," the data generated during the pilot project will aid in developing the response to the three -
major questions that could not be adequately addressed by the EFS; specifically, what are contami
nant release rates from dredging, what is the efficiency of dredging for contaminant removal and 
what are contaminant release rates during CAD operations. -

Starting in November 1988, the New England Division operated three hydraulic dredges in the 
upper Acushnet River estuary. All major aspects of the study were conducted under close supervi
sion and were extensively monitored. By the completion of the test in February 1989 over 140 hours 
of dredging had been accomplished with more than 9500 cubic yards of material disposed of in ei
ther a CDF or a CAD cell. This report provides a detailed description of the project's goals and ob
jectives along with the methods employed and the results achieved. 

The material is organized into a main report with supporting technical appendices. The body of 
the main report provides an overview of the various project components which include project de
sign, dredging, the CDF, CAD and the monitoring program and the conclusions drawn from the re • 
sults obtained. 

The report has six technical appendices: • 
Appendix 1 contains data on the dredges utilized for the project and discusses production 

rates, contaminant removal, sediment resuspension and the operational difficulties encoun
 •tered, along with recommendations should dredging be selected for the full scale cleanup of 
New Bedford Harbor. 

Appendix 2 contains data on the CDF and provides data on effluent and leachate quality. • 
Appendix 3 describes the CAD site and includes information on sediment.resuspension and 
evaluation of the cap. -
Appendix 4 contains infonnation on the water quality monitoring throughout the harbor and 
describes the physical, chemical and biological testing performed and the results obtained. -
Appendix 5 provides a detailed description of the dredging sites and contains information on 
the physical and chemical characteristics of the dredged material. -
Appendix 6 provides detailed information on the construction of the CDF including existing .. 
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site conditions, design parameters and procedures, construction techniques and the instru
mentation/monitoring system. 

-

-


PARTII PROJECfDESIGN - This section presents the methodology and criteria used in the selection of dredging equipment 
and in the design of the disposal methods and monitoring program employed during the pilot study. 

• This section also describes the type of physical control devices used during the construction and op
erational phases of the project to minimize impacts to the environment. 

.. 
DREDGE SELECflON 

Three hydraulic pipeline dredges were used during the pilot study: a cutterhead dredge, a horizon
• 	 tal auger dredge known as a Mudcat and a cutterhead dredge with its cutterhead replaced by a spe

cial dredgehead known as a Matchbox. This equipment was selected after a thorough evaluation that 
considered a wide range of dredging equipment. Input was received from Corps of Engineer person
nel at the New England Division, Waterways Experiment Station, Dredging Division as well as oth
er Corps Districts and Divisions. Report 10 of the EFS provides detailed information on the dredge 
selection process (7). 

The following factors were considered critical in selecting the dredging equipment: 

• General: 	Would the equipment be capable of accomplishing the overall clean-up of the
• 	 upper estuary? 

• Safety: Will the dredging process create additional environmental or health problems? 

• 

• Resuspension of Material: To what extent will material be resuspended in the water col

umn during the dredging operation? 


• 

• Clean Up: What is the ability of the equipment to effectively remove PCB contaminated 

sediment with a minimum mixing of clean and contaminated sediment? 


• Shallow Water: Will the equipment be able to operate in the very shallow water (6" at 
low water) of the Acushnet River? - • Access: Will the equipment be able to reach the dredging site? Equipment-must be able 
to pass through restricted bridge openings (10' vertical, 60' horizontal) or be capable of being 
transported by truck. -

Equipment Selected for Pilot Study: Hydraulic dredges operate on the principal of the centrifugal • water pump. A vacuum is created on the intake side of the pump and ambient pressure acts to force 

• 	
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water and sediments through the suction pipe. The dredged materials are then hydraulically pumped 
via pipeline to the disposal site (7). 

Although the three dredges selected for operation in New Bedford were all hydraulic dredges, 
they did have ~ignificant differences in the mechanical action at the point of dredging and in their 
method of moving through an area while dredging. These operational characteristics are detailed in 
Part III of the main repon and in Appendix 1. 

Other Equipment Considered: A detailed evaluation of other major types of dredging equipment 
considered for possible use in New Bedford is contained in Report 10 of the EFS (7). The other 
equipment considered were deemed inadequate because of their basic methods of operation, the 
amount of sediment resuspended, or their size, which made them impractical for use in the shallow 
water of the upper estuary. 

Based on the established criteria and the operating characteristics of the various pieces of equip
ment considered, it was detennined that hydraulic dredges, specifically the cutterhead, horizontal au
ger and Matchbox, would be the best suited for the conditions prevailing in New Bedford. 

DISPOSAL METHODS 

The pilot study utilized and evaluated two methods of dredged material disposal; a Confined Dis
posal Facility (CDF) and Contained Aquatic Disposal (CAD). The design parameters were devel
oped during the EFS and were based on laboratory studies, desk top analyses and literature reviews. 
Detailed descriptions of the construction and operations of the CDF and CAD are provided in Parts 
IV and V respectively, of this report. 

Confined Disposal Facility (CDF): Figure 4 shows a typical cross section of the CDF prior to fill
ing. Based on the initial design it was anticipated that approximately 5,000 cubic yards of contami
nated sediment would be placed in the site. The contaminated material was taken from the top two 
feet of sediment from dredging area 1 and was then capped with clean material taken from the 2-6 
foot layer of dredging area 1. 

As shown in Figure 4, the CDF was divided into a primary and secondary cell. The dredged mate
rial enters the primary cell in a slurry that is generally 10 to 20 percent solids. Once discharged into 
the primary cell, the dredged material solids were allowed to settle out and the excess water flowed 
over a weir into the secondary cell. Water flowing over this adjustable weir between the cells was 
mixed with a cationic polymer emulsion (Magniflox 1596C) as it entered the secondary cell. Tests 
performed for the Engineering Feasibility Study indicated that as much as 82% additional suspended 
solids reduction could be achieved in the secondary cell following polymer addition (8). It was esti
mated that an effluent suspended solids concentration of 70 mg per liter could be attained prior to 
discharging the water back into the estuary. A small portion (10-50 gaVmin) of the water leaving the 
secondary cell also received additional treatment. A pilot scale filtration and carbon adsorption sys
tem and U. V. peroxidation system were utilized to evaluate the feasibility of.this type of treatment. 

Contained Aquatic Disposal (CAD): Contained aquatic disposal (CAD) involves the dredging of 
the contaminated sediments, placement in an excavated subaqueous pit, and capping with clean sedi
ment. It is similar to level bottom capping but with the additional provision of the pit for lateral con
finement to minimize the spread of material (9). The dredged material slurry is discharged through a 
submerged diffuser to control the placement of material and minimize contaminant release during 
placement The concept is illustrated in Figure 5. 
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Figure 5 Contained Aquatic Disposal (CAD) 

The CAD cell was created as a result of the dredging in area 1. Contaminated sediment from 
dredging area 2 was deposited in the cell using the submerged diffuser which was positioned approx
imately 2 feet off the bottom. The diffuser was designed to release the slurry parallel to the bottom 
of the site and at a reduced velocity. The contaminated material was then capped by a layer of clean 
material which was also obtained from dredging area 2. The material for capping was also placed 
within the cell using the submerged diffuser. 

Testing conducted for the EFS indicated that a cap thickness of 3S cm was an effective seal that 
would physically isolate the contaminated sediment from the overlying water column (10). This 
thickness was expected to only prevent the contaminants from migrating through the cap and does 
not include allowances for bioturbation by bUITowing aquatic organisms. The prime interest in this 
phase of the pilot study was to evaluate the practicality of placing contaminated sediment in a CAD 
cell and capping it with clean sediment. The 24 inch (61 cm) cap planned for the pilot study will be 
sufficient to allow for this evaluation. Repon 6 of the EFS (10) contains a complete discussion of 
the laboratory testing on cap effectiveness. 

ENVIRONMENTAL MONITORING PROGRAM 

The environmental monitoring program was designed by personnel from NED, WES, and EPA's 
Environmental Research Laboratory in Narragansett, Rhode Island (ERLN), with input from other 
federal agencies and the State of Massachusetts. The objectives of this program were to provide data 
to: 

• evaluate the engineering and environmental effectiveness of the dredging and disposal 
techniques used; 
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-

1-/ • predict the magnitude and area extent of water quality effects during dredging and dis


posal; 


• select optimum monitoring protocols for this study and full scale operations; and 

• aid in the regulation of the daily pilot study operations. -
- The program included physical, chemical and biological (acute and chronic toxicity) evaluations of 

dredging area sediments, harbor water, effluent and leachate from the CDF, and air quality around 
the project area. This monitoring program was divided into five major tasks designed to address .. changes in water quality throughout the harbor and potential contaminant release pathways associat
ed with the construction and dredging operations. These five major tasks consisted of: 

• Performance of preliminary sampling to determine background (conditions in the ab• 	 sence of construction/dredging activities) characterization of water quality and sediment. 


• 
 • Evaluation of the CDF by determining effluent and leachate water quality over time. 


.. 
 • Evaluation of CAD by determining water quality impacts during disposal and contami

nant migration through the cap covering the CAD cell . 


• Evaluation of dredges by comparing remaining contaminant levels in the sediment af
ter dredging and water quality impacts. 

• Water quality sampling to control operations to minimize the potential for contaminant 
release during the pilot study and to develop guidelines for use during the proposed full

• scale cleanup. 

• OPERATIONAL CONTROLS 

The following operational controls were to be implemented if conditions indicated the need: 

• 	 • During the course of the project all activities that could reasonably be expected to re
sult in elevating contaminant levels would be suspended during severe weather condi
tions.

• 
• If needed, CDF construction could be restricted to the flood tide period. 

• If needed, dredging and/or CAD operations could be restricted to the flood tide. -
• The amount of scheduled down time between dredging periods could be extended, 
should restricting the dredging and/or CAD operation prove ineffective. The dredge op- erating parameters, i.e.: depth of cut, swing speed, rate of advance, etc. were experi
mented with over the course of the study. If other control options proved ineffective or 

., 	 inadequate, these parameters could be reduced or modified to further minimize sediment 
resuspension. 

13-



-

Ex1ratlotatlonlocompensate 
for weight of end connector 

C~Ie~~________~________________________~ 

o o o 

A Ballast 

Buoyancy 

Chain 

Skirt 

___ Design Waterline 

o 

Skirt 
Depth 

Float 


Tension ___ 

Cable 

Tension 

Skirt Depth 

Figure 6 Typical silt curtain section 

PHYSICAL CONTROLS 

Several physical controls were also used: 

• During construction of the CDF a silt curtain was deployed around the perimeter of the 
work area. 

• During the dredging and CAD operation a silt curtain and oil boom were to be de
ployed across the mouth of the cove. 

• During the disposal of contaminated material into the CAD cell a submerged diffuser 
was used. 
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Figure 7 Submerged Diffuser .."-,, 
Silt Curtains: A silt curtain or turbidity barrier is a flexible, impelVious barrier that hangs down 

vertically from the water surface. The silt curtain consists of four major elements: a skirt that fOnDS 
the barrier, flotation material at the top, ballast weight at the bottom, and a tension cable (Figure 6). 

• The flotation and ballast keep the curtain in a vertical position while the tension cable absorbs stress 
imposed by currents and other hydrodynamic forces. The fabric material is commonly nylon
reinforced polyvinyl chloride (pvc). The curtains are manufactured in loo-foot long sections that are 

• joined together for the overall curtain length. The curtain may be attached to shore or held stationary 
with large anchors attached to mooring floats on the ends and smaller anchors at regular intervals 
along the length of the curtain. The primary purpose of the silt curtain is to reduce turbidity in the 

• water column outside the curtain, not to retain the fluid mud or bulk of the suspended solids. The 

• 
presence of a silt curtain results in a change of flow patterns in the vicinity of the curtain so that exit
ing flows are redirected. Under quiescent condition (currents less than 0.5 knots [0.S5ft/sec] with no 
strong tidal action), turbidity levels outside a properly deployed and maintained silt curtain can be re
duced by SO to 90 percent of the levels inside (7). The curtain used for the pilot study had the skirt 
anchored to the bottom, with flotation material at the top to allow for adjustments necessitated by the 
rise and fall of the tide. An oil boom was to be used along with the silt curtain to contain the thin 

• 
 layer of floating oil or contaminant that appears on the water surface during such operations. 


• 
The silt curtain deployed during pilot study dredging sustained substantial damage as a result of 

severe weather conditions on 20 November and was not redeployed until CAD operations were un
derway. The elevated suspended solids levels generated at the point of dredging returned rapidly to 
background levels, indicating a silt curtain was not needed during this phase of the project CAD op
erations resulted in significantly higher suspended solids levels both at the discharge point and up to 

... 	 1,000 feet away. As a result of these conditions the curtain was re-deployed during the placement of 
cap material in the CAD cell. It was visually apparent that the curtain aided in reducing the turbidity 

• 

• 	
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levels during this period. What was also readily apparent was that the initial deployment, periodic 
movement and fmal removal of the curtain resulted in some of the highest levels of sediment resus
pension visually observed during the project. • 

Diffuser: A submerged diffuser is used to reduce sediment resuspension associated with the dispo
sal of dredged material in open water during hydraulic pipeline dredging. The purpose of this device 
is to reduce the velocity of the dredged slurry as it exits the pipeline into the CAD cell. It also chang • 
es the flow direction to a radial release parallel to the bottom of the estuary. The lower discharge ve
locity and horizontal release reduces turbulence at the deposition area and minimizes the mixing of 
the dredged slurry and the water column. The pipeline for the dredged material slurry is turned •
downward through a 90 degree elbow and approaches the diffuser from above. The cross sectional 
flow increases gradually through the vertical section of the diffuser. The 15 degree expansion angle 
is the largest angle the flow can negotiate before separation sets in and causes the flow to jet. The 
flow is then turned from vertical to horizontal within the diffuser and discharges parallel with the -
bottom of the deposition areas (i.e. CAD cell). The dredged slurry does not come in contact with 
the water column until it is discharged at the bottom of the deposition area (14). A support barge is 
used in conjunction with the diffuser. A small crane mounted on this barge positions and adjusts the -depth of the diffuser. A schematic view of the diffuser processor design is shown in Figure 7. The 
diffuser used during the pilot study is described in more detail in Part V of this report. -

IIPART ill DREDGING 

As discussed in Part II, three hydraulic dredges were selected for the pilot study. This section de
scribes how the equipment was used during the performance of the study, the modifications to oper
ating procedures developed during the course of the project and the problems associated with each 
piece of equipment. Finally, a comparison of each dredge is provided, along with recommendations II
of how best to use the equipment should dredging be selected as the method for removing contami
nated sediments from the upper estuary of New Bedford Harbor. Appendix 1 contains more detailed 
information on production rates, sediment resuspension, operational difficulties and a summary of ..daily operations. 

The operational phase of the dredging program had four major objectives: 

•
• to minimize the amount of sediment resuspension associated with the dredging opera
tion, 

•
• to minimize overdredging while maximizing the removal of contaminated sediment, 

• to develop and refine the operating procedures to achieve the fust two objectives while 
still maintaining effective production rates, 
• to develop and refine operating procedures to minimize the operating and support per
sonnel's exposure to contaminants. -

-
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CUTIERHEAD DREDGE 
,."I 

Operating procedure: A cutterhead dredge is not a self-propelled craft and as such requires a set 
of work boats to place the dredge in position. Once in position, the dredge is held stable by a set of 
stem spuds set into the sediment Anchor cables are then placed in position and are used to control 
the swing of the cutterhead. The basic movement consists of a side to side movement (swing) of the 
rotating cutterhead. The dredge advances by the alternate raising and lowering of the stem spuds at 

-
- the end of a lateral swing. One spud is raised and the dredge pivots on the lowered spud. The 

"walking" action pennits the dredge to advance with a zig zag dredging action (7). The basic opera
tion is shown in Figure 8 and the specifications for the dredge used at New Bedford are shown in 
Appendix 1, Table 14. 

The operating procedures that were adjusted at the start of the operation included swing spe'ed, 

• cutterhead rotation, cutterhead location and advance per swing. The following procedures were es
tablished and used when removing contaminated sediment. 

swing speed: This represents the side to side movement of the dredge and was measured at 

• 

• the swing winch. It was kept steady and as slow as possible, averaging 40% of the dredge's 
capability . 
cutterhead rotation: 50% of maximum (approximately 20 RPM) 
cutterhead location: 2 feet below sediment/water interface 
advance per swing: 2 feet 
width of cut: 60 feet 
dredge pump: run at maximum RPM 

The dredge was also required to make a second pass over the area, but did so with an increased 
swing speed and a rate of advance that was more than doubled that of the initial pass. During the 
second pass the dredge was required to only skim the surface and removed very little additional sedi
ment.

• The major operational problem encountered involved the depth of water in the cove and the swing 
anchors. Due to the very shallow depths only small work boats could operate. These vessels were 
severely limited in their ability to lift and maneuver heavy swing anchors and lighter anchors would 

• 
• not hold in place due to the soft bottom material. The problems with the anchors were alleviated by 

placing them on shore. By so doing, a heavier anchor could be used and the resuspension caused by 
slipping anchors was eliminated. Additionally, with the anchors being set from shore the turbidity 
caused by the work boats was significantly reduced. Should dredging be used in the upper estuary it 
is recommended that anchors be placed on shore. Such placement would offer the following advan
tages:

• • The most appropriate sized anchors can be deployed. 

• • Small boat traffic, which causes a significant amount of sediment resuspension, can 
be minimized. 

- • Additional resuspension would be reduced by not having the anchor dragging through 
the sediment. 

• The dredge crew would not have to continually 'handle the anchors, thereby reducing 
their exposure to contaminants. 

• 
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Figure 8 Operation of a Cutterhead & Matchbox Dredge (view from above) 

Production: The cutterhead dredge had a draft of 36 inches and in the shallow waters of the cove 
was limited to 3-5 hours of operational time around the high tide period. In addition to the restric
tive depths, dredging area 1 contained a considerable amount of debris which further reduced the ef
fective operating time. Actual dredging time was only 77% of the total available time. This figure • 
was increased to a 90% effective time in area 2 where the absence of debris minimized down time. 
Low temperatures also reduced effective operating time by necessitating a longer warm-up period 
for the dredge's hydraulic system and the need for the dredge to be "winterized" at the end of each •work day, a procedure which took 30-40 minutes. Proper treatment of the equipment however, re
sulted in no mechanical problem being encountered during the period of performance. 

Production rates were lower than initially estimated. During the initial cut an average of 37 cubic • 
yards of sediment was removed per operating hour. By taking the second pass into account, the pro
duction rate drops to 16 cubic yards per operating hour. 

The percent solids of the dredged slurry was also lower than initially anticipated, achieving an av 
erage suspended solids concentration of 37 grams/liter at an average flow rate of 1,900 gallons per 
minute (GPM). The average flow rate however, was increased to just over 2,100 GPM when the dif
fuser was removed. It is quite possible that the higher flow rate could have been achieved with the -
diffuser attached had a rigid 9QOpipe connection been attached to the diffuser rather than the flexible 
pipe used during the study. Based on field observations, it was the connection and not the diffuser 
which caused the constriction and hence the reduced flow rate. -

-
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The production rate increased significantly during the removal of the clean cap material. The cut
terhead removed over 75 cubic yards per hour with an average flow rate of 1,600 GPM (the diffuser 
was not used during this phase of the operation) with a solids concentration in the dredging slurry of 

.111> 
150 grams/liter. This rise in production was attributable to the change in operational goals. Concern 
over resuspension and accuracy of cut was changed to one of achieving maximum movement of ma
terial.- Removal Efficiency: The dredge made one pass over area 1 and removed a 1.5 foot layer of sed
iment on average. The average PCB level in the remaining sediment was 80.5 ppm. In area 2 the 
dredge made a second or sweep pass over the area. A 1.1 foot layer of sediment was removed on av- erage, and the average PCB level in the remaining sediment was 8.6 ppm. The substantial difference 
in the PCB level remaining after dredging clearly displays the benefits gained by making a second 
pass over the area. The cutterhead dredge was able to remove less than a two foot lift of material• 	 while achieving a significant reduction in the level of contamination. 

Sediment Resuspension and Contaminant Release: The EFS estimated sediment resuspen

• 


• sion rates at the dredgehead to be 40 grams per second. This estimate was based on limited informa

tion from other projects and field data from a sediment sampling effort in New Bedford. One of the 

pilot study's critical objectives was to develop data in this area and to improve the accuracy of con

taminant release estimates. 


A sampling device (Figure 1-7) was installed at the dredgehead and sampling was conducted on 
five days while the dredge operated in contaminated sediments. These samples were analyzed for to• 	 tal suspended solids, and this data was used to develop a suspended solids level for the water column 
adjacent to the operating dredgehead. This value was then used with the dredge swing speed and the 
water depth to develop the sediment resuspension rate. The rates computed ranged from 3.0-46.3 
grams per second and averaged 12.1 grams per second. The cutterhead dredge proved to be the most 
effective in minimizing resuspension. 

II Contaminant release estimates are made by using the sediment resuspension rate and total and sol
uble contaminant concentrations from elutriate tests. Composite samples taken from the dredgehead 
sampler were analyzed for PCBs and metals. This data is summarized in Table 1 and allows for a 
comparison between the elutriate test results and the actual contaminant levels found in the water 

• 	 column adjacent to the operating dredgehead. These results indicate that the use of the standard elu
truate test results in a conservative estimate of contaminant release. 

• Sediment and Contaminant Transport: An array of fifteen stations located around the dredge 
(Figure 1-8) were sampled during the first three days of dredge operation. This effort was carried 
out to detect a plume of suspended material and/or contaminants moving away from the point of 
dredging. A well defined plume of suspended material never developed however, with only minor II 

• 

increases above background detected 400 feet from the operating dredge. Background levels of sus

pended material were generally less than 10 mg/l, and the highest level detected by this sampling ef

fort in the last row of stations was 41 mgll at station 13. 


Composite samples were prepared from samples taken at the individual stations in each row (ex
ample: composite of stations 6-10, hour 3). These samples were analyzed for PCBs and metals, and 
the results are summarized in Table 2. They show a considerable reduction from the contaminant - levels at the dredgehead and are within the range that occurs in this area in the absence of dredging, 
indicating that movement of contaminants away from the point of dredging was limited at this loca
tion. 
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TABLE 1 '-", 
Dredgebead Sampling 

Cutterhead Dredge • 

• 
fCB(l2l2bl Mwl Standam Devia.OQll Minimum Ma.3imum Number 

Total 7.0 7.3 1.6 26.6 11 • 

Dissolved 0.6 0.2 0.5 1.0 5 

Particulate 22.3 24.6 0.6 66.7 6 
 .. 

Copper (ppb) 

Total 138.0 95.2 90.0 281.0 4 ... 

Dissolved 2.0 2.0 2.0 2 

Particulate 415.0 241.0 228.0 687.0 3 


Cadmium (ppb) -
Total 4.3 3.9 2.0 10.0 4 

Dissolved 0.2 0.2 0.3 2 II 

Particulate 13.3 10.2 6.0 25.0 3 


Lead (ppb) 

Total 55.5 43.1 31.0 120.0 4 

Dissolved 0.5 0.4 0.5 2 

Particulate 128.0 67.8 71.0 2.3 3 


•TABLE 2 

Plume Sampling 


Cutterhead Dredge 
 • 
TOTAL PCB (ppb) 

Stations· Mean Minimum Maximum Number •
1-5 1.0 0.6 1.4 2 

~1O 1.2 0.7 1.7 2 

11-15 1.0 0.5 1.4 2 
 • 

• Refer to Figure 1-6 for the station locations. Composite sample formed from 5 
 ...individual samples from each group. 

-
... 
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.. Figure 9 Horizontal Auger Dredge operation 

• HORIZONTAL AUGER DREDGE 

• 
Operating Procedure: The horizontal auger dredge used at New Bedford was the model known 

as the "Mudcat", manufactured by Ellicott Machine Corporation, the specifications of which are 
shown in Appendix 1, Table 15. The Mudcat required workboats for it to be moved into position 
and to be hooked up to its cable system, as shown in Figure 9. The Mudcat advances by winching it
self along a single cable line and is capable of digging while proceeding in both a forward and re
verse direction. Under optimum operating.conditions, the dredge is capable of making an 8-foot - wide cut at a depth of 18 inches. 

As with the cutterhead dredge, various operating procedures were adjusted at the start of the oper
ation. The following procedures were established and used when removing contaminated sediment. -

average rate of advance: 13 feet per minute 
auger rotation: maximum - approximately 100 RPM 

.. 
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auger location: 6 inches below sediment/water interface 

passes per cut: 4 (2 forward, 2 reverse) 

dredge pump: maximum RPM 

mudshield: raised when moving forward, lowered when moving in reverse 
 -

The major operational problem encountered with this equipment was its susceptibility to being 
blown off-line by high winds. The resulting lateral movement of the dredge required constant read •
justment in the width of the dredge cuts to compensate for the drift. While this movement did cause 
some operational difficulties, the relatively sheltered nature of the cove prevented significant delays 
from occurring. This problem, however, could become significant in the more open reaches of the 
upper estuary. Locating suitable sites to hook up the 4-point cable system will also be difficult and -
may require the use of additional equipment to be used as or to install anchoring points. 

An additiortal observation on the overall performance of the Mudcat concerns the effectiveness of • 
the shroud which is an adjustable metal shield designed to maximize the percent solids passing 
through the pump and to assist in minimizing resuspension. The shroud appeared to contribute to a 
plume of resuspended material on both the starboard and port sides of the dredge. -

Production: The Mudcat dredge was capable of working in depths of water as shallow as 21 
inches; however, the operation still averaged only 4 hours per day. Production time was hampered 
by the large amounts of debris encountered in area 1. The effective operating time within area 1 was -
60%, but increased to 79% in area 2 where the amount of debris encountered was significantly less. 

Rates of production were also lower than originally estimated. In dredging area 1, production aver

aged 41 cubic yards of sediment removed per hour of operation with an average dredge slurry flow • 

rate of 1709 GPM. The suspended solids concentration in the dredged material slurry averaged 45 

grams per liter. 


'-'I .• 
Removal Efficiency: The Mudcat made 4 passes over the dredging areas which resulted in the 

removal of a 1.5 foot layer of sediment on average in area 1 and a 1.2 foot layer of sediment in area 
2. In area 1, the PCB level in the remaining sediment averaged 66.4 ppm. 

Sedi ment Resuspension and Contami nant Release: A sampling device (Figure 1-11) was 
installed at the dredgehead, and sampling was carried out on four days while the dredge operated in ..contaminated sediment These samples were analyzed for total suspended solids, and this informa
tion was used along with the water depth and the dredge's rate of advance to develop a sediment re
suspension rate. The rates computed for the horizontal auger dredge ranged from 9-1136 grams per 
second and averaged 329 grams per second. This resuspension rate was significantly higher than •those for the other dredges. Composite samples taken from the dredgehead sampler were analyzed 
for PCBs and metals, and the results are summarized in Table 3. These results are much higher than 
those obtained for the cutterhead and the Matchbox dredges and indicate that the horizontal auger 
dredge is much less effective in reducing sediment resuspension and contaminant release at the point 
of dredging. 

Sediment and Contaminant Transport: Despite the higher resuspension rates, sampling of the • 
15 stations located around the dredge (Figure 1-12) did not detect a well defined plume of suspended 
sediment. Only minor increases above background were found 500 feet from the point of dredging. 
Composite samples were again prepared from samples taken at the individual stations in each row 
(example: composite of stations 6-10, hour 3). These samples were analyzed for PCBs and metals, 
and the results are summarized in Table 4. As with the cutterhead dredge, they show a considerable 
reduction from the contaminant levels at the dredgehead and are within the range that occurs in this 

•area in the absence of dredging. This data is a further indication that sediment and contaminant 
movement away from the point of dredging is limited. 

-
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Mean 

PCBs (ppb) 

Total 54.9 
Dissolved 10.1 
Particulate 200.3 

Metals (ppb) 

Total 
Copper 2397.0 
Cadmium 99.6 
Lead 1220.0 

Dissolved 
Copper 4.0 
Cadmium 0.3 
Lead 11.5 

Particulate 
Copper 3232.0 
Cadmium 85.3 
Lead 1082.0 

PCBs (Total) ppb 
Station 

1-5 
6-10 
11-15 

Metals (Total) ppb 

6-10 	Cu 
Cd 
Pb 

11-15 Cu 
Cd 
Pb 

TABLE 3 

Dredgehead Sampling 


Horizontal Auger Dredge 


Standard Deyiation ~~ Number 

45.7 12.6 133.0 9 
9.2 1.0 22.9 4 

199.8 18.2 382.0 4 

1152.0 1188.0 3932.0 5 
58.5 27.0 163.0 5 

489.0 608.0 1707.0 5 

1.0 3.0 5.0 2 
0.2 0.1 0.5 2 
0.6 1.0 2.2 2 

1706.0 832.0 4644.0 3 
47.4 23.0 138.0 3 

490.0 392.0 1483.0 3 

TABLE 4 

Plume Sampling 


Horizontal Auger Dredge 


~ Standard Deviation Milk MaK. NYm~ 

1.5 0.7 0.6 2.2 4 
1.4 0.6 0.7 1.9 4 
1.9 	 1 

13.0 3.3 9.7 16.2 2 
0.74 	 0.74 0.74 2 
6.2 1.9 4.3 8.1 2 

24.9 	 1 
0.84 	 1 
10.4 	 1 
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MATCHBOX DREDGE 

Operating Procedure: The Matchbox dredge operates in the same manner as the cutterhead 
dredge and as shown in Figure 8. The dredge's specifications are shown in Appendix 1, Table 16. 

The Matchbox dredgehead was designed to remove an 18 inch layer of sediment per swing. This 
depth of cut was initially attempted, but the presence of debris hampered operations significantly. 
The depth of cut was reduced to 12 inches; however, numerous shutdowns still occurred due to the 
clogging of the dredgehead. Problems were also encountered with the dredge's hydraulic system and, 
as a result, the amount of data obtained for this dredge in area 1 was limited. 

In area 2 the operating procedures were further adjusted to minimize problems with clogging of 
the dredge head with the following procedures being used. 

swing speed: This represents the side to side movement of the dredge and was measured 
at the swing winch. It was kept steady and as slow as possible. It averaged 0.28 feet per 
second. 
depth of cut: 6 inches per swing, two swings per advance 
width of cut: 60 feet 
dredge pump: run at maximum RPM 
passes: 2 

Operationally, the same problems with the swing anchors that effected the cutterhead dredge also 
impacted the Matchbox. The corrective measures adopted for the cutterhead dredge were successful
ly applied to the Matchbox. An additional problem however, dealt with the plugging of the dredge
head with debris and sediment. While dredging area 2 had considerably less debris than area 1, the 
material in area 2 was more densely packed. To prevent frequent plugging of the dredgehead, verti
cal and horizontal bars were installed and the material was removed in 6-inch lifts. These measures 
were for the ~ost pan successful, enabling an effective operating time of 91 percent to be achieved 
in dredging area 2. In those instances, however, when the dredgehead did become clogged, the 
clearing operation required personnel to manually remove the sediment. This procedure placed per
sonnel in direct contact with contaminated sediment thereby increasing the risk to the health and 
safety of the attendant plant personnel. While this problem should not be considered insurmounta
ble, it is probable that similar material with higher levels or contamination will be encountered in the 
upper estuary. Therefore, any personnel required to remove debris and/or sediment from the Match
box dredge head would require suitable protection. Adequate protective clothing will minimize any 
risk of exposure but will reduce the response time and efficiency of the personnel assigned to this 
task. 

Production: The Matchbox dredge, with a draft of 3 feet, could operate only during the higher 
stages of the tide, i.e., for 3-4 hours per day. Although restricted from operating at low tides, its ac
tual effective operating time was 91 percent of the available time. 

The production rate for work in dredging area 2 averaged 24.5 cubic yards of sediment removed 
per hour of operation. This production rate was achieved with the dredge removing material in 6
inch lifts per swing with a total of 2 swings per advance. The dredge also made two passes over the 
area. 

In dredging area 1 the dredge slurry flow rate averaged 2410 GPM with a solids concentration of 
24.4 g/liter. These rates were achieved when the dredge was removing material in 12-inch lifts per 
swing. 
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Removal Efficiency: The dredge made two passes over dredging area 2 which resulted in the re
moval of a 1.5 foot layer of sediment. PCB levels in the remaining sediment averaged 5.4 ppm. 

Sediment Resuspension and Contaminant Release: A sampling device (Figure 1-16) was 
installed at the dredgehead and sampling was conducted on five days while the dredge operated in 
contaminated sediment These samples were analyzed for total suspended solids and were used with 
the dredge swing speed and the water depth to develop a sediment resuspension rate. The rates com
puted for the Matchbox dredge ranged from 2.1 to 205.1 grams per second and averaged 46.4 grams 
per second . 

Composite samples taken from the dredgehead sampler were analyzed for PCBs and metals, and 
the results are summarized in Table 5. The results are similar to those obtained from the cutterhead 
dredge and are a further indication that the standard elutriate test provides a "worst case" estimate of 
the contaminant levels in the water column adjacent to the operating dredgehead. 

Sediment and Contaminant Transport: Sampling of the 15 stations located around the dredge 
(Figure 1-17) produced results similar to those of the other dredges. A well defmed plume of sus
pended sediment did not develop and only minor increases in the suspended solids level were detect
ed 400 feet from the point of dredging. Composite samples were again prepared from samples taken 
at the individual stations in each row (example: composite of stations 6-10, hour 3). These samples 
were analyzed for PCBs and metals, and the results are summarized in Table 6. As with the other 
dredges, the results show a reduction from the contaminant levels at the dredgehead and provide fur
ther. indication that sediment and contaminant movement away from the point of dredging is limited. 

PCBs (ppb) 
Total 2.6 
Dissolved 0.5 
Particulate 56.9 

Metals (ppb) 

Total 
Copper 102.0 
Cadmium 3.0 
Lead 39.0 

Dissolved 
Copper 3.0 
Cadmium 0.5 
Lead 2.0 

Particulate 
Copper 85.0 
Cadmium 2.5 
Lead 30.0 

TABLES 

Dregehead Sampling 


Matchbox Dredge 


Standard Deyiation ~ 

2.2 0.2 
0.1 0.3 

76.4 6.7 

. 

14.0 71.0 
0.5 2.0 
2.0 28.0 

~ Number 

4.5 
0.6 

205.0 

4 
4 
7 

1 
. 1 
. 1 

1 
1 
1 

99.0 2 
3.0 2 

32.0 2 
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TABLE 6 

Plume Sampling 
Matchbox Dredge -

PCBs (Total) ppb -
Station Mwl Standard Deviation Min Maximum Number 

1-5 
6-10 
11-15 

Metals (Total) ppb 

1.3 
0.2 
1.1 

0.20 
0.04 
0.06 

1.1 
0.21 
1.05 

1.6 
0.26 
1.13 

3 
2 
2 

-
-

1-5 Cu 12.8 
Cd 0.84 
Pb 5.6 

11-15 Cu 10.4 
Cd 0.60 
Pb 4.7 

3.3 
0.24 
0.6 

. 

7.1 
0.36 
4.1 

. 

. 
13.6 
0.83 
5.3 

1 
1 
1 
2 
2 
2 

-
-

CONCLUSIONS .. 
The three dredges used during the pilot study were able to effectively remove the contaminated 

sediment while minimizing the amount of material that was removed. PCB levels after two passes 
of the cutterhead and matchbox dredges were less than 10 ppm while only 1.1-1.5 feet of material 
was removed. Resuspension rates and contaminant release at the point of dredging varied as shown 
below: 

~II .. 
... 

A vg. Resuspension 
Rate 
(g/sec) Total 

Avg. PCBs (ppb) 
Dissolved Particulate 

Cutterhead Dredge . 
Horizontal Auger Dredge 
Matchbox Dredge 

12 
329 
46 

7.0 
54.9 

2.6 

0.6 
10.1 
0.5 

22.3 
200.3 

56.9 
... 

Measured impacts 300-400 feet away from the point of dredging were minimal for all dredges. 
Sampling at the a.rray of stations within the cove did not detect a plume of resuspended material 
moving away from the operating dredges and PCB and metals levels in composite samples from 
these stations were similar to background conditions. 

.. 
-

Operating procedures were adjusted during the fIrst days of each dredge's work period. The pro
cedures selected for each dredge resulted in reduced production rates over what was anticipated prior 
to the study. The following information summarizes the results for all dredges. -

-
-
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.. Dredge Production Rate Surface Area Covered Effective Time 

Cutterhead 20 444 84% 

Horizontal Auger 41 1024 65%
- Matchbox 25 410 81% 


- Production Rate: This term refers to cubic yards of sediment removed per hour of operation. 
Surface Area Covered: This term refers to square feet of area covered per hour of operation 
and assumes that the dredge is making two passes over an area 
Effective Tune: This term reflects the percentage of the available time that the dredge was 
operating. Set up time is not considered when deriving this term. -

• 

.. Modifications to standard dredging procedures minimized sediment resuspension and reduced the 
quantity of sediment removed. These modifications included reducing the dredge's swing speed and! 
or rate of advance, reducing the RPMs of the dredgehead on the cutterhead dredge, running the 
dredge's pump at full RPM and minimizing the depth of cut. 

RECOMMENDAnONS 

A comparably sized cutterhead dredge is recommended for use in New Bedford should dredging • be selected for removing the contaminated sediments from the upper estuary. This recommendation 
is based on the equipment's performance in the following areas: 

• Contaminants were removed while minimizing the quantity of material removed. 

• Sediment resuspension and contaminant release at the dredgehead were minimized. 

• 
• This equipment was impacted the least by debris that was encountered in the dredging 
area. 

• Worker exposure to contaminated sediment was minimized . .. 
• Production rates were comparable to the other equipment. 

• 
 • The equipment was able to gain access to the upper estuary with ease. 


Some additional advantages to this equipment include: 

• 	 • It is the most common dredge in the U.S. and there are numerous contractors 
with the equipment. 

• The equipment should not be unduly hampered by weather conditions within - the upper estuary. .. The following operating procedures for the cutterhead dredge should be used when developing 
plans for the upper estuary: 

Operating time per day (a) 	 3-4 hours .. Number of passes 	 2 
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Width of cut 
Rate of advance 

Production rate (b) 
Flowrate 
Solids concentration in dredged slurry 

60 feet 

11 ft/hr (first pass) 

25 ft/hr (second pass) 

35 cubic yardslhour 
 -
2100 gallons/minute 
40 gramsIliter -a) This work period could be extended in areas where the water depth exceeds 3 feet at mean 

low water. 
b) This production rate is for the dredge's first pass over an area. Very little additional material 

is removed on the second pass. -
-

PART IV CONFINED DISPOSAL FACll..ITY -
This part contains a discussion of the construction of the Confined Disposal Facility (CDF) and 

the methods and procedures used for the disposal of contaminated and clean dredged materials with ...in the facility. Appendix 2 provides additional information on the effluent and leachate quality and 
Appendix 6 provides a detailed presentation of the project site conditions, the in-water dike design, 
and the construction techniques employed. 

The CDF, as shown in Figure 10, required the construction of approximateiy 1,800 linear feet of 
dike, 700 feet of which was located below the high water line. Due.to the poor foundation condi
tions this 700 foot section was constructed on a geotextile. 

The CDF was divided into a primary cell of approximately 145,000 square feet and a secondary 
cell of approximately 32,500 square feet. Separating the cells is a steel sheet pile wall, approximate
ly 400 linear feet in length, at the southern end of which was located the first or primary weir. Used • 
to pass water between the two cells, the primary weir had boards installed to elevation +8.0 ML W 
prior to the start of dredging. During the dredging operation the boards reached a maximum eleva
tion of +10.0 MLW. .. 

A second weir, located in the northeast comer of the secondary cell, was used to release water 
back into the cove. The boards at the secondary weir were installed to elevation +8.0 MLW and did ..
not require adjustment during the dredging phase. 

The physical characteristics of the CDF are shown below: 

Area of site 
Area of site initially below high water line 
Top elevation of in-water dike 
Top·elevation of upland dike 
Top elevation of dredged material 
Quantity of material excavated from site 
Quantity of dredged material placed in site 
Quantity of dike material 
Quantity of gravel bedding 
Quantity of stone protection 
(a) Refers to in-situ volume prior to dredging. 

.. 
250,000 square feet 
125,000 square feet 

+15MLW 
+12MLW • 
+8MLW 


27,000 cubic yards 

6,100 cubic yard (a) 
 -45,000 cubic yards 
1,900 cubic yards 
1,800 cubic yards 

-
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Construction: Construction of the CDF commenced on 5 May 1988 and was completed on 4 

January 1989. The critical phases of the project are shown below. -
Activity Period -

Stage I In-Water Dike Construction 231une to 5 August 

Consolidation Period 6 August to 19 October 

Stage II In-Water Dike Construction 20 October to 2 November 
 -

The limited area available for construction of the CDF required that a portion of the dike be 
placed below the high water line where foundation conditions were known to be poor. These condi -
tions required the placement of a high-strength geotextile along the dike alignment prior to placing 
any fill. The geotextile is manufactured in 12-foot wide strips and is stitched together to achieve the 
desired lengths. For the New Bedford site, three separate sections were prepared at the factory and delivered to the site in a large roll. Each section was situated on an appropriate corner of the dike 
and was positioned such that a floating dredge pipeline could be secured to the leading edge of the 
fabric. The pipeline was attached by cables to a winch on an offshore barge which pulled the fabric ..
into position. Assisted by the floating pipeline, the material retained adequate buoyancy until the 
work crew had properly unfolded and aligned the fabric. Once positioned and aligned, the fill opera
tion was immediately initiated to ensure that the fabric did not drift. 

For the fill operation, the project specifications called for the contractor to place reasonably well 
graded granular material in shallow lifts of 2 feet or less. These specifications were altered, howev
er, to allow for an accelerated construction process. Located below the high-water line, the fill oper
ation was initially restricted to the lower stages of the tide. To minimize the inevitable down time, 
the material was placed in lifts of 3+ feet Along with the larger lifts, the contractor encountered dif
ficulties in obtaining the specified low ground pressure equipment which resulted in the use of heavi .. 
er than specified equipment. These modifications to the specified construction procedures resulted 
in the displacement of soft foundation material. A wave of unconsolidated material formed along 
the perimeter of the fabric and may have contributed to elevated contaminant levels detected in the 
water column during this phase of the dike construction. • 

Foundation conditions in other portions of the upper estuary are similar to those encountered at 
the pilot study site and it is likely that high strength geotextile will be required for the construction of •additional CDFs. Procedures used for geotextile placement during the pilot study should be appro
priate for other locations within the upper estuary. Fill placement should follow the original specifi
cations for the pilot study which called for shallow lifts to be placed by low ground pressure equip
ment. (See Appendix 6). This will initally restrict operations to the period around low water but will 
minimize the displacement of foundation material. 

The first stage of fill placement brought the elevation of the dike up to +5.0 MLW. Wick drains 
were then installed to drain the layer of weak foundation material and to accelerate the process by 
which this layer could consolidate and gain strength. A period of 74 days was required before the 
strength gain was sufficient to allow the second stage of fill placement to begin. Completion of the ..
second stage brought the dike up to its final elevation of +15 ML W. 

..Operation: The CDF was designed to have a capacity of 25,()()() cubic yards. Settling tests, de
scribed in EM 1110-2-5027 (12) and EFS Report 7 (8), were performed on material from the upper 
estuary and were used with estimated dredge production rates to arrive at a dredged material bulking -

30 • 


III 



-

'I ~ 	 factor of 2.0. Dredging areas were then surveyed to provide 10,000 cubic yards of material for the 

CDF. 

The dredging operation within area 1 was performed over a 45 day period and is summarized be
low: 

Contaminated -
Material 

• 	 No, of days CDF received material 23.0 
Average dredging hour per day 2.6 
No. of days required 29.0.. 	 Cubic yards dredged(a) 2,208.0 

a) refers to in-situ volume prior to dredging . .. 

Cap 
Material Total 

11.0 34.0 
4.7 3.3 

16.0 45.0 
3,929.0 6,137.0 

The above information illustrates the fact that production rates attained during the study were con

siderably less than our estimate of 100 cubic yards per hour. This situation resulted in dredging area 
.. 1 being reduced in size by approximately 30 percent to accommodate funding constraints. The CDF, 

therefore, was not filled to capacity. 

As shown in Figure 10, the CDF was constructed with two weirs. The ftrst or primary weir was • 	 situated between the primary and secondary cells on the south side of the facility and was used to 
pass water between the ~o cells. The second weir was located within the secondary cell and was 
used to control the release of water back into the estuary . •• ..,1 

In the primary weir, boards were installed to elevation +8.0 ML W prior to the start of dredging 
and did not have to be lowered during the course of the project. Water began to flow over the weir 

tit beginning on the 27th day of dredging. Additional boards were periodically added until the water el
evation reached a maximum of + 10.0 ML W during the last 2 days of dredging. 

During the early stages of the operation, water leaked through the weir boards and the sheet-pile • wall and was discharged back into the estuary. As the project progressed, material built up along the 
sheet pile wall and significantly reduced the flow from leaks. In addition, increased dredging time 
during the capping phase allowed the water level to reach the weir elevation. The water level never 

• exceeded the height of the boards (elevation +8.0 ML W) installed at the secondary weir. Substantial 
flow through the boards provided for the adequate discharge of water from the site. 

.. Effluent Quality: Effluent at both the weir between the cells and the discharge was sampled and 
analyzed for total suspended solids, PCBs, metals and toxicity. This effon provided additional infor
mation to verify laboratory methods for predicting contaminant loads in CDF effluents. 

• 	 In a procedure outlined by Palermo (13), laboratory settling column data is used to estimate the 
suspended sediment load in the effluent being discharged from the primary cell of a CDF. The sus
pended sediment load is used with the dredge flow data, suspended sediment contaminant concentra
tions and dissolved contaminant concentrations observed in the modifted elutriate test to calculate -	 contaminant release from a CDF. Furthermore, based on laboratory tests, the addition of a polymer 
at a primary weir should achieve a percent reduction in the suspended solid load prior to discharge 
from aCDF. 

At New Bedford, the primary weir was sampled over a 19-day period and the discharge was sam
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pled for 15-days. Samples at both locations were taken hourly and analyzed for total suspended sol

ids. The daily total of samples were then batched to fonn a composite sample from each location. 

This composite sample was analyzed for PCBs (whole & filtered) and metals (Cu, Cd, Pb). The -
CDF discharge was also monitored for toxicity using the tests described in Appendix 5. 


During the sampling period, a polymer was used to determine the efficiency and practicality of 
this process in reducing suspended solids. The polymer used at New Bedford was Magnafloc 1596 -
C and was selected based on study results detailed in Report 7 of the Engineering Feasibility Study. 
The polymer was sprayed into the flow at the primary weir over a six day period. 

The results indicate that our estimate of 70 mg per liter for the suspended solids load in the efflu 
ent was accurate. Daily averages ranged from 27 to 152 mg/l with the mean being 75 mg/l (Table 
7). The polymer has a significant effect on the suspended solids levels during the later stages of 
CDF operation. During this period the suspended solids levels were high (800 mg/l) at the primary 
weir and the polymer significantly reduced these levels prior to discharge from the site. The poly
mer appeared to have only minimal impacts when suspended solids levels were in the 100 mg/l 
range at the primary weir. -

Contaminant concentrations in the CDF discharge indicate that the modified elutriate test provides 
a conservative estimate of the contaminant load. The means for the two PCB fractions analyzed are •shown below and compared to the elutriate test results. Table 8 summarizes the results of this 
sampling effort. ..

Modified 
COF Effluent Elutriate Test 


Dissolved PCBs (ug/l) 1.4 8.2 

Particulate PCBs (ug/kg) 10.7 65.6 


Leachate: Leachate from the CDF is produced by three potential sources: pore water from the •dredged material placed in the site, net precipitation percolating through the dredged material, and 
ground water or estuary water contacting the dredged material as a result of tidal pumping. The time 
frame during and immediately after COF filling is the period when the potential for leachate flow is 
greatest The site is filled with water during this period and the dredged material penneability is • 
greatest As the dredged material consolidates, water is expelled from the dredged material and the 
penneability of the fine grained sediment is reduced. Not all consolidation pore water expulsion pro
duces leachate. Some of this water is expelled at the surface and evaporates or is drained from the •
site as CDF effluent Once the final state of consolidation is reached, net precipitation becomes the 
primary source of leachate from the site (9). .. 

Seven (7) wells were installed in and around the CDF to monitor for leachate that may be 
escaping from the site. The well locations are shown in Figure 10. Well screens were positioned to 
capture leachate from varying elevations as shown in Figure 2-2. The wells were sampled three 
times prior to the start of COF filling and then three times per week over a six week period while the • 
CDF was being filled. They were then sampled weekly for the next three weeks and will be sampled 
quarterly for the next two years. Shown below are the average PCB levels for the preoperational 
period and the three week period immediately after disposal into the CDF was completed. The 
results do not indicate any movement of PCBs out of the site. 

-
-
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Average PCB Levels (ppb) 


Wells Pre-operational Post disposal 
.. A 0.12 0.07 
B 2.67 0.07 
C 0.60 
o 	 0.02 0.02-	 E 0.24 0.16 
F 0.00 0.01 
G 0.01 0.00• 

CONCLUSIONS• 
Dike Construction: The construction of shoreline COPs for a full-scale clean-up effort appears 

feasible based on the results of the pilot study. In water dikes would be constructed on geotextiles 

• follOWing procedures specified for the pilot study. These procedures (fIll placement in shallow lifts, 
low ground pressure equipment, consolidation periods) will extend the construction period but will 
result in stable dikes with minimal impacts to water quality. 

Bulking Factor: A bulking factor of 2.0 was used in sizing the COF. This bulking factor was 
based on the settling characteristics of the sediment and estimated production rates and solids 
content of the dredged slurry. The actual bulking factor appeared to be much less than 2.0. The 
reduced working time (3-5 hours/day) and low solids content of the dredged slurry (40 grams/l) 
varied considerably from our initial estimate and likely influenced the bulking factor. 

• 

Effluent Quality: Suspended solids levels in the effluent averaged 75 mg/l which was very close 
to our estimate of 70 mg/l. The polymer was effective in reducing suspended solids levels during the 
later stages of COF filling when levels of the primary weir were high (800mg/l). When levels at the 
primary weir were in the 100 mg/l range, the polymer had little effect. 

PCB and metals levels in the effluent were lower than estimates based on the modified elutriate 
test These results indicate that the estimating procedure is conservative, especially during periods • when the COF is not operating at capacity. The COP was fIlled to capacity for only several days, 
and clean cap material was being placed in the site at that time. Several concrete foundations located 
within the primary cell also had a positive effect on settling by increasing detention time and

• minimizing resuspension within the cell. 

• 
 RECOMMENDATIONS: 


The surface area required in the secondary cell of the COP is determined through the polymer 
system's design procedure as described in Report 7 of the EFS and EM 1110-2-5027. The surface 
area in the secondary cell of the pilot study CDF exceeded that determined through the design 
procedure. This was done because of the physical characteristics of the site and the lack of fIeld data 
to verify the design procedure. The pilot study indicates that the size of the secondary cell can be 
more in line with the design procedure. The limited dredge operating periods allow for adequate - detention time. 

The barrier between the two cells should also be watertight to insure that adequate detention time 
is available. 
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-TABLE7 

Confined Disposal Facility Emuent Suspended Solids (mg/l) Daily Averages 


~ ~ Dischar~ Number of Samples 

December 2 47 11 -
December 3 132 10 
December 4 105 10 
December 5 37 10 -December 10 50 61 17 
December 11 49 48 14 
December 12 47 27 4 
December 13 136 152 9 -
December 16 51 56 11 
December 17 47 64 24 
December 18 35 57 24 -
December 19 55 59 24 
December 20 131 128 24 
December 21 115 84 P(I) 24 -December 22 77 56 P 24 
December 23 44 34 P 5 
December 28 344 130 P 19 .. 
December 29 276 97 P 24 
December 30 61 75 P 5 

1) P indicates that polymer system was operating 
~. 

III 

TABLE 8 
Contaminant Levels (ppb) - CDF Discharge 

Mwl Standard Deviation Ran~ Number .. 
Dissolved Fraction 

IIPCB 1.4 0.6 0.30-2.9 11 

Cu 7.4 3.8 1.7-13.9 8 

Cd 1.8 1.6 0.9-5.6 8 

Pb 8.8 6.9 1.5-19.8 8 


Particulate Fraction ..PCB 10.7 3.6 5.0-19.2 11 

Cu 53.7 21.5 30.1-88.0 8 

Cd 0.6 0.5 0.1-1.2 8 

Pb 26.5 5.6 18.3-33.0 8 
 -

* This table summarizes data from the period when contaminated sediment was being discharged 
into the CDF. .. 

-
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PART V CONTAINED AQUATIC DISPOSAL 

Contained aquatic disposal (CAD) involves the dredging of the contaminated sediments, place
ment in an excavated subaqueous pit, and capping with clean sediment. It is similar to level bottom 
capping but with the additional provision of a pit to minimize the spread of material (9). The - dredged material slurry is discharged through a submerged diffuser to control the placement of mate
rial and minimize contaminant release during placement. The concept is illustrated in Figure 5. 

• This part describes the construction of the CAD cell, placement of contaminated sediment within 
the cell and subsequent capping of the cell. The results of monitoring efforts to measure sediment 
resuspension, contaminant release and cap thickness are summarized. Appendix 3 contains detailed • information on these issues. 

Construction: The cutterhead dredge removed approximately 3900 cubic yards of sediment from 
dredge area 1 to create the CAD cell. The bottom elevation of the cell was approximately -6 feet at 
ML W and the cell measured 180 feet by 140 feet. Within this area a 50 by 50 foot section had its 
bottom elevation at -8 feet ML W . .. 

Disposal and Capping: Approximately 700 cubic yards of contaminated sediment was placed in 
the CAD cell over a 12 day period between 7-20 January 1989. The dredged material was discharged 
into the cell through a diffuser attached to the end of the dredge pipeline. The diffuser was posi• 	 tioned approximately 2 feet off the bottom to minimize sediment resuspension and control the place
ment of the contaminated sediment. The point of discharge was shifted on three occasions to distrib
ute the material throughout the cell. A hydrographic survey of the cell taken on 24 January indicated 
that a one foot thick layer of material had been placed in the cell. 

Approximately 2600 cubic yards of cap material was then placed on the cell over an 18 day period 
between 25 January and 11 February 1989. Both the contaminated sediment and cap material came • 	 from dredging area 2 and were similar in physical characteristics. The diffuser was initially posi
tionedjust below the water surface to minimize any disturbance to the contaminated bottom sedi
ments. This operation was discontinued, however, as it resulted in elevated suspended solids levels 

• 	 throughout the cove. The diffuser was then lowered to a position approximately two feet off the bot
tom for the remainder of the capping operation. The discharge point was also shifted on seven occa
sions to distribute the cap material throughout the cell . 

.. 

.. 
A hydrographic survey of the CAD cell was not made until June 22. The survey results indicated 

that a 1-3 foot layer of cap material had been placed in the cell. Six sediment cores were also taken 
from the cell on 22 June. The cores were divided into 6 inch segments with these samples being ana
lyzed for PCBs. These analyses revealed elevated levels of PCBs in the surface layers of sediment, 
indicating that capping efforts were unsuccessful. 

Sediment Resuspension: An array of 10 stations was established around the CAD cell and - sampled hourly during the first four days of disposal operations (Figure 3-4 and 3-5). The suspend
ed solids 1evels within the cove were elevated above background and increased as the duration' of the 
disposal operation increased. The average suspended solids level for the fIrst sampling event is com• pared to the last sampling event in the following table: 

II.II~ 
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7 January 
8 January 
9 January 
10 January 

Ayera" ISS (m&!ll 
First Eyent Last Eyent 

41 
27 
34 
28 

75 
322 
171 
151 

Time DifferePce 
!HRS) 

0.5 
4.0 
2.3 
4.0 

'-"'.. 

-
-

Sampling conducted at monitoring station 7 (located just east of the cove and approximately 800 
feet from the point of discharge) also detected elevated levels of suspended sediments. Levels 
ranged from 12-98 mg/l. Background levels at this station are less than 10 mg/l. 

Contamin~nt Release: Composite samples were fonned from a combination of samples taken at 
the individual stations (example: station 1-5, hour 3). These samples were analyzed for PCBs and 
the levels detected were elevated above background and also exceeded levels found during other 
phases of the project. This data is summarized below: 

Total PCB (ppb) 

Station Mean Std. Dev. Minimum Maximum Number 

1-5 13.4 12.0 . 2.5 31.8 5 

6-10 8.6 4.8 4.7 15.3 3 


PCB levels detected at monitoring station 7 and station 2 during the CAD operation are compared 
with background conditions and other phases of the pilot study in the following table: 

Average PCB Level (ppb) 

Station 7 Station 2 

Background 0.6 

Dredging with disposal in CDF 1.1 0.6 

Dredging with disposal in CAD 2.6 0.9 


CONCLUSIONS 

Suspended sediment and contaminant levels were elevated in the vicinity of the disposal operation 
(CAD cell) when compared to background conditions and other phases of the study. A statistically 
significant increase in contaminant levels was not detected at the Coggeshall Street Bridge, however, 
indicating that transport of contaminants away from the disposal point was limited. The submerged 
diffuser appeared to be effective in reducing sediment resuspension and in controlling the placement 
of material. It was most effective when positioned close to the bottom of the cell. A silt curtain was 
not in place while monitoring for suspended solids and contaminants was ongoing. Monitoring re
sults indicate that a curtain deployed around the disposal point would likely be an advantage. 

Sediment cores taken from the CAD cell and analyzed for PCBs showed that a cap was not placed 
on the contaminated sediment These results point out the need for a high degree of control on the 
positioning and movement of the discharge point within the CAD cell. The position of the diffuser 
within two feet of the contaminated sediment layer may have resulted in a mixing of the sediments. 
A deeper CAD cell would allow the diffuser to be separated from the contaminated sediment layer 
while still remaining within the confines of the cell. 
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PART VI ENVIRONMENTAL MONITORING PROGRAM -
.. 
 The monitoring program included physical, chemical and toxicological evaluations of sediment, 


harbor water, effluent and leachate from the confined disposl facility and air quality monitoring. 
The objectives were to monitor contaminant release pathways associated with the construction, 
dredging and disposal operations; monitor water quality at selected sites in the harbor; and provide 
data within 24 hours to assist in managing ongoing dredging and disposal operations. The initial ef• fort determined background conditions in the harbor and was followed by intensive monitoring dur
ing the various phases of the study . .. 
PRE-OPERATIONAL SAMPLING & WATER QUALITY CHARACfERIZATION 

.. 


III This effort was used to determine the existing ranges of specified physical, chemical and biologi

cal response variables which occur within the harbor. These background conditions were then used 

as monitoring program assessment points, as input to management during the operatonal phase, and 

as a baseline against which environmental effects could be measured. The pre-operational sampling 

was conducted on nine separate days between 9 July, 1987 and 23 June, 1988. The results of these 

efforts show that the sampling protocol was appropriate for this pilot project and that the water quali

ty parameters were measurable, with relatively low variablility . 


.. 


The basic sample component used to characterize water quality in the harbor were hourly water 

samples taken at four locations over one tidal cycle and pooled into ebb and flood composites. 

These four stations were sited throughout the harbor (Figure 11). During the construction activities, 

station 3 was eliminated and station 7 was established outside of the cove (FigureI2). The Cogge

shall Street Bridge sampling points, station 2, were considered a control measurement due to the lo

cation (the boundary between the more heavily contaminated upper estuary and the less contaminat

ed lower harbor) and a water circulation restriction point. At this station upper estuary in flow and 
out flow were measured for each sampling event and samples were then composited proportional to 
velocity for each of the 6 cross-sectional sub areas (Figure 12). The five hourly samples were then .. 	 composited equally into one sample to represent either the ebb or flood condition. Samples from the 
other stations were taken hourly at 3 depths. These five hourly composites were also composited 
into one sample for each station which represented the ebb or flood condition. Station 4 located near 
the hurricane barrier at the harbor mouth was considered another control measurement for the same III 
reasons as station 2. The following parameters were determined: 

Physical measurements: 
III total suspended solids 

water temperature 
salinity 
currents (direction and velocity) at station 2 -

Chemical measurements: 
whole water PCB 
cadmium (Cd), copper (Cu), and lead (Pb) in 50% of the samples -
TOC on 10% of the samples 
filterable PCB and heavy metals (Cd, Cu, Pb) in 25% of the samples 

The results of these measurements showed the harbor to be hydrodynamically very complex. The 
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Figure 11 Locations of Harbor Monitoring Stations -
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seawater temperature (station 2) varied between 18.5"C and 23.5"C during the monitoring. The sa
linity (station 2) ranged from 24 ppt to 33 ppt. The current velocity ranged from 10 to 50 cm/sec. at 
station 2 with some differences between each side of the harbor. The tidal fluctuation (station 2) 
was 1.6 m. The pre-operational TSS measurements means ranged rom 6.4 ± 0.4 to 8.3 ± 1.3 mg/l 
(ebb tide) and 6.8 ± 1.1 to 10.2 ± 1.7 mg/l (flood tide) at station 2 and 4.4 ± 1.2 to 7.9 ± 1.5 mg/l 
(ebb tide) and 6.6 ± 1.9 to 7.8 ± 3.4 mg/l (flood tide) at station 4. The whole water total PCBs aver
aged 0.607 ug/l. for station 2 ebb tide and averaged 0.114 ug/l. for station 4 ebb tide. Cd, Cu, and 
Pb averaged 0.20 ug/l., 3.4 ug/l., 6.5 ug/l. (station 2) and 0.11 ug/l., 2.3 ug/l., 2.9 ug/l. (station 4) re
spectively. 

Receiving water toxicity was evaluated using 5 testing methods. These tests were selected and .. 
.. 39 
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designed by EPA's Environmental Research Laboratory at Narragansett, Rhode Island (ERLN) and "'-"" 
are described in detail in Standard Methods (1989). The following test were performed: -Arbacia punctulara (sea urchin) spenn cell fertilization test (absence of gamete fertilization) 


Champia parvuIa (red algae) reproduction test (mature cystocarps) 

Cyprinodon variegatus (sheep shead minnow) growth and survival tests (increased weight & 

newly-hatched larvae) . 
 -
Mysidopsis bahia (mysid) growth and reproduction tests (increased weight & females with 
eggs) 
Mytilus edulis (mussel) scope for growth (SFG); and uptake of PCBs and metals (increased -growth & body burden increase) 

Based on the statistical analyses of these data, no environmentally significant toxicity effects were 
detected by the A. punctulara sperm cell test, C. parvuIa reproduction test, C.variegatus growth and 
survival tests, and M. bahia growth test. The M. bahia test 'had significant mortality at station 2; 
the cause of this mortality was not determined. The M. eduIis SFG test indicated an inverse rela
tionship with PCB levels in the water column and mussel tissues. The body burden analyses showed -
a linear relationship with PCB levels. 

-DECISION CRITERIA 

Regulatory personnel were concerned over the potential for contaminant release due to the experi
mental nature of the pilot project and the fact that no known real time field data existed from a site • 
with similar conditions to New Bedford Harbor. The main concern was that the proposed dredging 
and disposal activities may release an unacceptable level of contaminants, which would worsen the 
existing poor water quality. It was decided to develop a monitoring protocol with a relatively short 
analyses time (within 24 hrs) to allow regulatory personnel (state and federal) an opportunity to have 
input into the daily operation of the project. The decision criteria were based on data from the pre
operational (background) monitoring and were intended to aid the decision makers in: limiting trans
port of contaminants from the upper estuary to the lower harbor; preventing excesssive mortalities 
of marine organisms below the upper estuary; and limiting the sublethal biological effects. The 
Coggeshall Street Bridge station (station 2) and the hurricane barrier station (station 4) were the fo
cal points for decision criteria monitoring. These two stations were hydrodynamic control points for • 
the harbor circulation. 

The decision criteria were a statistical comparison of background chemical and biological parame •
ters with daily operational measurements which, if exceeded, required a decision to be made by com
mittee regarding the suspension, continuation and/or modification of operations. The decision crite
ria represented a statistically significant increase in total PCBs, Cd, Cu, and Pb in the water column 
and unsuccessful A. punctulara sperm cell fertilization (for 24 hrs) and acute and chronic effects for 
the other test organisms (for >8 days) over background conditions. The decision criteria committee 
chaired by EPA, with representatives from ERLN, the Massachusetts Office of Coastal Zone Man
agement (MACZM), and Department of Environmental Quality Engineering (DEQE) and the NED • 
reviewed the monitoring data daily and made decisions regarding ongoing pilot study operations. 
The decision criteria was exceeded on three occasions and these events were related to either weath
er conditions or obvious operational problems which were promptly changed (Le. moving the an
chors). 

"-I 
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 PREUMINARY SEDIMENT SAMPLING 

- The sediment from within the dredging areas was sampled prior to the start of the pilot study and 
characterized both physically and chemically. Six sediment cores were taken from each area and 
split into samples representing six horizons (0-0.5',0.5'-1.0',1.0'-1.5', 1.5'-2.0, and 2.5'_3.0'). Physi
cal and chemical parameters measured on these samples included: - water content and specific gravity 

Atterberg limits and grain size 
PCB levels 

• 

- heavy metals (Cd, Cu, Pb) 


elutriate tests (standard and modified) 

AmpeJisca abdita toxicity test (survival tests) 


PCBs and heavy metals were generally restricted to the top two feet of sediment with the highest 
levels being detected in the top six inches. PCB levels in the 0-6 inch horizon averaged 226 ppm in 

• area 1 and 385 ppm in dredge area 2. These data are presented in Appendix 5. 

CONFINED DISPOSAL FACll..ITY (CDF) 

Three potential contaminant release pathways associated with the COF were identified and moni
tored during dredging and disposal to this facility. They were: the facility effluent discharge into 
the cove, seepage and leachate through the dike and bottom of the site, and volatilization over the 
surface of the 2 cells. 

The CDF was divided into 2 cells with primary settling taking place in the first cell and additional 
settling in the second. An attempt to chemically assist clarification in the second cell took place 
during some of the discharge time. The effluent passing over the weir separating the primary and 
secondary cells and effluent being discharged from the facility were sampled hourly over varying • 	 daily periods. The effluent at the weir was sampled on 19 days and the effluent at the facility's dis
charge was sampled on 15 days. Each hourly sample was analyzed for total suspended solids with 
10 daily composites from each location being analyzed for the following: 

• 
whole water and filterable PCBs 

Cd, Cu, and Pb on 50% of samples
.. TOC on 10% of samples 
A. punctulara (sea urchin) sperm cell test 

EPA standard 2 &7 day toxicity tests on effluent 


• 	 The daily averages for TSS in the CDF discharge ranged from 27-152 mg/l and averaged 75 mg/l. 
The PCB levels averaged 1.4 ppb with a range of 0.3-2.9 ppb for the dissolved fraction and 10.7 ppb 
with a range of 5.0-19.2 ppb for the particulate fraction. The toxicity testing (A. punctulata (sea ur
chin) sperm cell test and EPA standard 2 &7 day toxicity tests o~ effluent) showed no significant ef

• 

• fects related to the disposal site discharge. A toxic effect was evident during the period when poly


mer was being added at the weir between the primary and secondary cells. Further testing showed 

polymer to be extremely toxic to the test organisms used in the monitoring program. 


Seven wells were installed in and around the CDF to capture leachate (Figure 11). The wells were 
sampled on three occasions prior to the placement of dredged material within the facility to deter

• 	 mine the background condition. They were then sampled three times per week while the COF was 
being filled and once a week for four weeks after the facility was filled. The wells will continue to be 

• 
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sampled to obtain long term monitoring data. Samples were analyzed for PCB, TOC (10% of sam
ples), pH, salinity, and Cd, Cu, Pb (50% of samples). The results of this effort indicated that con
taminants are not leaching from site. The data is summarized in Part IV and Appendix 2. -
AIR MONITORING .. 

Six polyurethane filters (PUF) samplers and two total particulate samplers were employed at 5 
monitoring stations. One station employed 2 PDF and 2 total particulate samplers, collocated for 
quality assurance. Figure 3 shows the locations of the samplers. The local climatology of the area -indicates a predominance of wind having a northwest through southwest component (2). However, 

the seasonal variability associated with the proposed length of the program coupled with the ocean 

location of the site and inherent variability of the wind (i.e. seabreezes) made the siting of samplers .. 

based on climatological data difficult Therefore, the sampling locations were selected with empha

sis on siting the stations as near to the potential sources of contaminants as feasibly possible. 


Real-time odor and organic vapor monitoring occurred on days when particulatelPCB sampling -
took place. During daily particulate/PCB sampler set-up, initial odor hydrogen sulfide (H2S), and 
organic vapor levels were measured at each of the 5 stations. During the day, the follow-up hydro
gen sulfide (H2S) and organic vapor readings were taken at each station during particulatelPCB sam -pler quality assurance flow checks. Since all compass points were covered in the 5 station configu
ration, one of the stations was upwind and one downwind of dredging activities. This allowed for 
an evaluation of source odor and organic vapor emissions from dredging and CDF/CAD operations. 
Results of the air monitoring program demonstrated that disposal of contaminated sediment into the • 
shoreline COF raised the ambient PCB levels above background. However, the increased levels did 
not threaten worker safety or public health and were confined to the area adjacent to the COP. A 
technical report summarizing results of this work is currently being prepared by Ebasco Services Inc. 

METEOROLOGICAL DATA 

A meteorological station was located adjacent to the COF as shown in Figure 3. This station was 
established to evaluate potential contaminant transport and conditions conducive to particulate re ..
lease. Wind data provided guidance as to which air quality monitors were downwind All data was 

recorded onto strip chart paper, which served as a permanent record of meteorological conditions. 

The strip chart data was reduced and entered into a microcomputer for compilation and quality assu

rance checks. .. 


The meteorological instrumentation was installed on a 10 meter tower. The strip chart recorder 
was located at the base of the tower in a location that allowed for easy access to collect meteorologi .. 
cal data. 

The following parameters were collected: 

wind speed (assess dilution and transport) 
wind direction (assess transport) 
sigma theta of wind direction (indicates atmospheric stability and 
particulate plume dispersion) 
temperature (access COF drying) 
solar radiation (access COF drying) 
precipitation (access COF wetting) -

Only one significant storm event occurred during pilot study and resulted in increased levels of 

-
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• 
contaminants and TSS being detected in the water at the monitoring stations. A technical report on 
the air monitoring, including these data, is currently being prepared by Ebasco Services Inc. 

CONTAINED AQUATIC DISPOSAL (CAD) -
This evaluation was divided into 2 phases. The fIrst phase involved monitoring the operation 

• 	 while contaminated sediment was being pumped into the CAD cell. An array of stations located 
around the discharge point were sampled while the operation was ongoing. This was undertaken on 
3 separate days. These samples were taken at mid-depth and were analyzed for TSS. In addition 
composite samples were taken representing a cross sectional area of the cove mid-way through the 

.. 

• day's dredging and analyzed for TSS, PCBs, and heavy metals (50% of samples). The levels of con


taminants and TSS were elevated above background and the other phases of the pilot study during 

CAD. The monitoring at station 2 showed no signifIcant increase in contaminants levels moving out 

of the upper harbor (Part V and Appendix 3). 

The second phase involved sampling of the CAD cell to determine if a cap had been effectively 

.. 

.. placed and if contaminants were migrating into the cap material. Sediment cores were taken in June 
1989 and analyzed for PCBs. The results of these monitoring efforts show elevated PCB levels in 
the surface sediment layers indicating that capping efforts were unsuccussful (Part V and Appendix 
3) . 

DREDGE TYPES AND DISPOSAL TECHNIQUES 

This phase of the program focused on the contaminant release pathways associated with the dredg
ing operation and on the effectiveness of the dredging operation in removing the contaminants. The 
results of these efforts appear in Part II and Appendix 1. 

Removal Efficiency: A grid of either 16 or 32 sampling stations was established within each 
dredging area. Each station was randomly assigned a number from either 1-4 or 1-8 depending on • 	 the size of the area. A sediment core sample representing the top 3 inches of sediment was taken at 
each location and added to the appropriate composite sample. These composite samples were then 
analyzed for PCBs. metals, andA. abdita toxicity. These data show that the dredges could effec.. 	 tively remove the contaminated sediment layer . 

Plume and Dredgehead Sampling: These monitoring efforts were carried out to determine the 

• development and extent of suspended sediment and contaminant plumes generated at the point of 

• 
dredging. A multi-pon sampling device was installed on each dredge to allow for six locations 
around the dredge head to be sampled at once. Samples were taken at 15 minute intervals during op
erating periods. Each individual sample was analyzed for TSS. Composite samples were taken 
randomly from the mid-depth ports and analyzed for TSS, PCBs, and heavy metals (Cd, Cu, Pb). 

An array of stations located around the dredge were sampled hourly while the equipment was op
erating to assess any plume development. These efforts were undertaken on the fIrst 3 days of 
dredging operations for each dredge. These samples were taken at mid-depth and were analyzed for 
TSS. Composite samples were collected representing a cross sectional area of the cove mid-way 
through the days dredging activities. These samples were analyzed for TSS. PCBs. and heavy met
als (50% of samples). The results of these efforts indicated that the dredges generated elevated con
taminant and TSS levels in the water adjacent to the operation. Elevated levels returned to back
ground levels within 150 meters. 

• 
Far Field Water Quality: This sampling effort was conducted just prior to the start of each dis
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tinct phase of the pilot study (COF construction, dredging) and during the fIrst 4 days of each opera
tion (dike construction, each dredge operating in area 1 with disposal into the COF, CAD). The 
sampling procedures were the same as those of the preliminary monitoring program, and the com
posite samples from the 4 stations were analyzed in the same manner. This allowed the results from 
operational periods to be compared with background (pre-operational) conditions. The results of this 
effort are contained in Appendix 4 and showed no significant difference between pre and operational 
periods. -
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APPENDIX 1- DREDGES 

CUTIERHEAD DREDGE -
This is the most common dredge type in use in the United States today. The name refers to the ro

tating basket that is fitted to the suction head of the dredge. The dredge size is determined by the - discharge diameter of the dredge pump. An Ellicott 370 Dragon Series was used during the pilot 
study. It has a lO-inch diameter discharge on the dredge pump which was fitted to the 8-inch diame
ter pipeline used by all the dredges during the study. The physical dimensions of the equipment are 
shown in Table 14. -

.. 
 Operating procedures and production rates: The dredge operating procedures which proved 

most effective are listed below: 

Swing Speed: This represents side to side movement of the dredge. .. It was kept steady and as slow as allowable, averaging 0.5 feet per second 
(40% of maximum). 

• 
 Cutterhead Rotation: 50% of maximum (approx. 20 RPM) 


Depth of Cut: 2 feet .. 	 Width of Cut: 60feet 

Dredge Pump: Run at maximum RPM 

This dredge was operated in five distinct work areas which are discussed separately in the follow
ing paragraphs. 

• 	 Dredging area 1 (Figure 1-1): This area was 125 feet by 170 feet and the dredge made only one 
pass over the area to remove the contaminated sediment. The following table summarizes opera
tions. 

• 	 Date 

11-21 .. 
.. 

11-22 

11-23 

• 
11-25 

11-26 

11-27 

• 11-28 

11-29 

Totals: 	 8 days 

Operating Time (brs) 

1.00 

1.87 

2.83 

3.18 

3.33 

4.22 

5.75 

3.45 

25.63 hours 

1-1 

Downtime (hrs) 

0.58 

2.35 

1.50 

0.92 

1.00 

1.13 

7.48 hours 

.11 



-----

�...,. .....-------250 Feet---------i~1 

Cutterhead Work 
Area #1 Dredging Area #1 

A B 

;) ;:i;:i 

~ ~~ 
\C~ ............ ...... "'" 

;:i 

~ 
"...... 

;:i;:i 
.~~ 

ao 01 ............ 

-


-

-
-N )Iloo -
-

250 -
Feet 

-
• 

•Note: Sections A, a, , Cc: are shown on figure 1-4
A B 

Figure 1-1 Cutterhead Work Area #1 • 
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•1. A considerable amount of debris was encountered in dredging area 1. The debris plugged 
the dredge's suction line and caused most of the downtime. 

2. Total quantity of material removed: 

3. Production rate: 

4. Average flowrate into CDF: 

5. Dredge slurry total suspended solids concentration: 

6. Rate of advance 

1·2 

951.0 cubic yards • 
37.0 cubic yards/hour 

1891.0 gallons/min 
37.9 g!1iter 

13.3 feet /hour -
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Figure 1-2 Cutterhead Work Area #2 .. 
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Dredging area 1- work area #2 (Figure 1-2): This area was 90 feet by 95 feet and was a portion 

of dredging area 1 in which the Matchbox dredge was originally scheduled to work. The cutterhead .. 
 made only one pass over this area to remove the contaminated sediment. The second cut through the 

area was only 30 feet in width. The following table summarizes operations: 

• 
.. 
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Typical Cross Sections 
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Section C-C Note: Refer to Fig. 1-1 

for section locations 

Figure 1-4 Dredge Area 1 - Cutterhead Dredge 
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Typical Cross Sections 
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Figure 1-5 Dredge Area 2 - Cutterhead Dredge 
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Dredging Area 1 
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170' . 

.. Note: Dredging area was divided into 4 sections with 8 samples 
taken from each section. The 4 like numbered samples 
were then combined to form a composite sample which 
was analyzed for PCBs. 

• Figure 1- 6 Sediment Sample Locations 

• 

• 
Date 

• 12-16 

12-17 

• 12-18 

12-19 
to' 

Operating Time (hrs) 

2.25 

3.67 

3.83 

2.97 

Downtime (hrs) 

0.08 

0.08 

0.58 

0.17 

Totals; 4 days 12.72 hours 0.91 hours 
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Figure 1-7 Dredgehead Sampler - Cutterhead Dredge 
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1. Total quantity of material removed: 	 462.0 cubic yards -
2. Production rate: 	 36.0 cubic yard per hour 

3. Average flowrate into COF: 2122.0GPM 	 • 
4. Dredge slurry total suspended solids concentration: 32.3 grams/liter 

5. Rate of advance: fIrst cut: 11. 7 feet/hour 
second cut: 17.6 feet/hour -

Dredging Area 2· work area #3 (Figure 1-3): This area was 90 feet by 60 feet and the dredge 
made two passes over the area to remove the contaminated sediment. The material from this area 
was placed in the Contained Aquatic Disposal (CAD) cell. The following table summarizes opera
tions. 

Date Operating Time (hrs) Downtime (hrs) 	 
1-07 	 0.67 ..1-08 4.25 0.42 
1-18 3.50 0.67 
1-19 3.25 0.25 
1-20 3.00 

Totals: 	 5 days 14.67 hours 1.34 hours 

1. Total quantity of material removed: 233.0 cubic yards 

2. Production rate: 	 15.9 cubic yardslhr .. 
This lower production rate results from the dredge making two passes over the area. Very lit

tie material was removed on the second pass as the dredge attempted to remove just the surface layer 
of sediment. • 

3. 	 Rate of advance: First pass 8.2 feet/hour 

Second pass 24.5 feet/hour 
 -On the second pass the swing speed was increased as the dredge attempted to remove just the 

surface layer of sediment. 

Dredging area 1 (Clean Material): This 180 foot by 150 foot area was dredged to create the Con 
tained Aquatic Disposal (CAD) cell with the removed material being used to cap the Confined Dis
posal Facility (COF). The dredge was operated differently in this area as the focus changed from 
minimizing resuspension and overdredging to moving as much material as possible. The following -
table summarizes operations: 

.. 
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12-20 3.33 0.47 

12-21 4.17 0.38 

12-22 3.67 0.42- 12-23 4.37 0.55 

- 12-27 4.22 0.45 

12-28 5.77 0.40 

• 12-29 5.00 0.50 

12-30 6.00 0.42 

• 12-31 2.42 0.42 

• 1-03 5.50 

1-04 7.05 1.28 

• Totals: 11 days 51.50 hours 5.29 hours 

1. Total quantity of material removed: 3929.0 cubic yards 

2. Production rate: 76.3 cubic yds/hr 
• 

3. Dredge slurry total suspended solids concentration: 154.4 g/liter 

• Contaminant Removal: Two separate evaluations were made of the cutterhead dredge's ability 
to remove the PCB contaminated sediment. In work area 1 of dredging area 1. the dredge made one 
pass over the 125 by 170 foot area. Comparing the results of hydrographic surveys taken on 12 Sep
tember and 15 December 1988 revealed that on average a 1.5 foot thick sediment layer was re

• 
• moved. Typical cross sections of this area are shown in Figure 1-4. Thiny two (32) sediment cores 

were taken from the area on 30 November and composited into 8 samples which were analyzed for 
PCBs. The samples represented the top 3 inches of sediment. PCB levels ranged from 8.2 ppm to 
189.0 ppm with the average being 80.5 ppm. The sampling grid is shown in Figure 1-6. 

• 

In dredging area 2 the cutterhead dredge made two passes over the 90 by 60 foot area. On the sec


ond pass the dredge attempted to remove only the surface layer of sediment. The dredgehead (cut


.. 

terhead) was positioned at the sediment/water interface and the swing speed was increased. These 

procedures resulted in very little additional material being removed. Comparing the results of hydro

graphic surveys taken on 12 September 1988 and 24 January 1989 revealed that on average a 1.1 

foot thick sediment layer had been removed. Typical cross sections of this area are shown in Figure 
1-5. Sixteen (16) sediment cores were taken from the area on 24 January and composited into 4 sam

1-11 
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pIes which were analyzed for PCBs. PCB levels ranged from 0.5 ppm to 15.3 with the average be
ing 8.6 ppm. 

Sediment Resuspension and Contaminant Release: A sampling device (Figure 1-7) was at
tached to the dredge to allow for six locations around the dredghead to be sampled at once. Samples 
were taken at approximately 15 minute intervals during operating periods with each individual sam
ple analyzed for total suspended solids (Table 5). This data was used with the dredge's swing speed 
and the water depth to develop a sediment resuspension rate. Rates were computed from four days 
of operation which best represented the recommended operating procedures (Nov. 22, 23, 25 and 
Dec. 17). The average resuspension rate for these days was 12.1 grams per second. Sediment resus
pension rates were also computed for January 8. On this day the dredgehead (cutterhead) was rotat
ed at full RPM, approximately twice the speed of the other days. This resulted in a higher sediment 
resuspension rate which would bring the overall average up to 21.6 grams per second. The results 
are summarized below with the data used in deriving these values contained in Table 1. 

Range of Resuspension Rates Average Resuspension Rate 
Date (grams/sec) (grams/sec ) 

11-21 46.3 - 11.8 21.0 

11-23 12.3 - 5.2 8.5 

11-25 21.8 - 3.0 9.8 

12-17 45.6 - 6.4 14.7 

1-8* 98.6 - 34.7 60.5 

*On this day the cutterhead was rotating at full RPM. 

Composite samples were taken randomly from the mid-depth ports of the dredgehead sampler and 

analyzed for PCBs and metals (Cd, Cu,Pb). These results are shown in Table 2. 


Sediment and Contaminant Transport: Figure 1-6 shows the location of the 15 stations esta~ 
lished around the cutterhead dredge work area, 10 of which were sampled hourly during the dredge's 
fIrst three days of operation. These samples were analyzed for total suspended solids with the results 
appearing in Table 4. 

Composite samples representing rows 1-5,6-10, 11-15 were formed by combining samples from 
the five individual stations in each group. These samples represented a cross sectional area of the 
cove and were taken after the dredge had been operating for several hours. These samples were ana
lyzed for PCBs and metals with the results appearing in Table 3. 

HORIZONTAL AUGER DREDGE 

An Ellicott SP-915 Mudcat dredge was used during the study. The physical dimensions of the 
equipment are shown in Table 15. 

Operating Procedures and Production Rates: The dredge operating procedures which proved 
to be the most effective are listed below: 
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• Figure 1-9 Horizontal Auger Work Area #1 

• 

• 

• Rate of Advance: 15 feet per minute 

CutterheadlAuger Rotation: Full Speed 

Depth of cut: Six inches per pass 

Number of passes: Four - two in the forward direction and two in reverse 

Dredge pump: Run at maximum RPM 

This dredge was operated in two distinct work areas which are discussed separately in the follow
ing paragraphs. 
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Umit 


Figure 1-10 Dredge Area 1 - Horizontal Auger Dredge 

Dredging area 1 (Figurel-9): This area was 80 feet by 250 feet. Several different operating pro
cedures were experimented with over the first two days of operation prior to settling on four passes 
per cut The following table summarizes operations: 

Date Operating Time (hrs) Downtime (hrs) 
12-1 0.97 0.38 
12-2 1.90 1.60 
12-3 4.25 1.25 
12-4 1.55 1.17 
12-5 3.43 1.93 
12-6 1.68 2.68 

Totals: 6 days 13.78 hours 9.01 hours 
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Figure 1-11 Dredgehead Sampler - Horizontal Auger Dredge 

1. Debris was encountered in this area which contributed to the amount of downtime. 

2. Total quantity of material removed: 568.0 cubic yards 

3. Production rate: 41.2 cubic yards/hour 

4. Average flowrate into CDF: 1709.0 GPM 

5. Dredge slurry total suspended solids concentration: 44.8 gIliter 

6. Rate of advance: Range: 
Average (4 passes per cut): 

1-15 

6.1 to 20.4 feet/min 
13.0 feet/min 
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Figure 1-12 Plume Sampling Location-Horizontal Auger Work Area 

• 
Dredging area 2: The dredge was operated over two days in this area for the purpose of obtaining 
additional dredge head samples. The following table summarizes operations: 

Date Operating Time (brs) Downtime (hrs) 

1-14 0.75 -
1-15 5.67 1.75 

... 
Totals: 2 days 6.42 hours 1.75 hours 
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 1. Total quantity of material removed: 127.0 cubic yards 

2. Production rate: 	 19.8 cubic yards/hour -
3. Rate of advance: 	 9.3 feet/min - Contaminant Removal: In dredging area 1 the dredge attempted to remove 6 inches of sediment 

per pass over an area. Four passes were made, two in the forward direction and two in reverse, be
• 	 fore the dredge was moved over to the next cut. Comparing the results of hydrographic surveys tak

en on 12 September and 15 December revealed that on average a 1.0 foot thick sediment layer was 
removed. Typical cross sections of this area are shown in Figure 1-10. Thirty two (32) sediment 
cores were taken from the 215 by 80 foot area on 7 December and composited into 8 samples which 
were analyzed for PCBs. The samples represented the top 3 inches of sediment. PCB levels ranged 
from 9.3 ppm to 270.2 ppm with the average being 66.4 ppm. 

• 	 Sediment Resuspension and Contaminant Release: A sampling device (Figure 1-11) was 
attached to the dredge to allow for six locations around the dredghead to be sampled at once. Sam
ples were taken at approximately 15 minute intervals during operating periods with each individual 
sample analyzed for total suspended solids (Table 9). This data was used with the dredge's rate of 
advance and the water depth to develop a sediment resuspension rate. Rates were computed from 
four days of operation when the dredge was opex:ating in contaminated sediment. The results are 
summarized below with the data used in deriving these values contained in Table 6. 

• 
Date Range of Resuspension Rates Average Resuspension Rate 

(grams/sec) (grams/sec) 

12-2 1136 - 217 	 690 

• 	 12-3 541 -78 187 

12-4 680 - 175 	 245 

• 	 1-15 926-9 213 

Composite samples were taken randomly from the dredgehead sampler and were analyzed for 
II PCBs and metals (Cd, Cu, Pb). These results are shown in Table 7. 

Sediment and Contaminant Transport: Figure 1-12 shows the location of the 15 stations es
II 	 tablished around the horizontal auger dredge work area, 10 of which were sampled hourly during the 

dredge's fIrst three days of operation. These samples were analyzed for total suspended solids with 
the results appearing in Table 8. 

II 
Composite samples representing rows 1-5, 6-10, 11-15 were formed by combining samples from 

the fIve individual stations in each group. These samples represented a cross sectional area of the 
cove and were taken after the dredge had been operating for several hours.. These samples were ana
lyzed for PCBs and metals with the reusults appearing in Table 3. 
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MA TCHBOX DREDGE -
This piece of equipment operates in the same manner as the cutterhead dredge. A special dredge

head which resembles a matchbox replaces the cutterhead on the suction dredge plant This dredge
head was developed by a Dutch ftrm and has been used in the Netherlands to dredge contaminated -
sediment. It is designed to dredge fme grain sediments at near in-situ density and keep resuspension 
at a minimum. Bean Dredging of New Orleans, Louisiana has proprietary use of the design of this 
dredgehead in the United States and designed, built and installed the dredgehead. Because there is .. 
no mechanical action at the dredge head, this dredge had to be considerably larger than either the cut
terhead or horizontal auger. The equipment had to be transported to New Bedford in sections and as-
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Note: Sections A-C shown on figure 1-15 

Figure 1-14 Matchbox Work Area #2 

sembled on site. Using a launch ramp constructed adjacent to the south-east comer of the CDF, the 
dredge was floated into the estuary upstream of the Coggeshall Street Bridge at high tide. The physi~ 
cal dimensions of the equipment are shown in Table 16 . 

Operating Procedures and Production Rates: The dredge operated in both dredging areas 1 
and 2. The equipment had numerous mechanical problems while working in area 1 which made it 
impossible to make a proper evaluation of the dredging operation. The operating procedures shown 
below are based on dredging in area 2. 

Swing Speed: This represents the side to side movement of the dredge. It was kept steady and 
as slow as allowable, averaging 0.28 feet per second. 
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Figure 1-15 Dredge Area 2 - Matchbox Dredge 

• 

• 


Depth of Cut: Six inches per swing 


Width of Cut: 60 feet 
 -
Dredge Pump: Run at maximum RPM 

Dredging area 1: (Figure1-13) The dredge had numerous mechanical problems while working in 
this area which required it to be removed prior to completion of work. The dredge completed one 
pass over a 125 foot long by 60 foot wide area. 

• 
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Date 

12-9- 12-10 

12-11-
12-12 

12-13 -
Totals: 5 days 

• 

Operating Time (hrs) 

0.75 

3.00 

0.18 

1.40 

2.27 

7.60 hours 

Downtime (hrs) 

1.30 

1.45 

1.13 

3.86 hours 

The downtime shown in the above table does not include periods when the dredge was inoperable 
due to mechanical breakdowns . .. 

1. Debris was encountered in this area which contributed to the amount of downtime. 

2. Quantity of material removed: 227.0 cubic yards 
• 

3. Production rate: 29.9 cubic yardslhour 

4. Average flowrate into CDF: 2300.0 GPM 

5. Dredge slurry total suspended solids concentration: 24.4 g/liter 

6. Rate of advance: 16.4 feet/hour 

• Dredging area 2: (Figure 1-14) The dredge was repaired prior to working in this area. The operat

• 

ing procedures discussed earlier in this section were used. The dredge made two passes over this 
100 foot long by 60 foot wide area. The dredged material was disposed of in the contained aquatic 
disposal cell during this period. 

Date Operating Time (hrs) Downtime (hrs) 

• 1-9 1.48 1.18 

}·10 3.78 
II 

}·11 4.00 0.33 

1-12 4.17
II 

1·13 1.30 

• Imals: 5 days 14.65 hours 1.51 hours 

1. Quantity of material removed: 359.0 cubic yards 

•
.", 
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Figure 1-16 Dredgehead Sampler - Matchbox Dredge 
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• Figure 1-17 Plume Sample Locations - Matchbox Work Area 

• 




2. Production rate: 24.5 cubic yards/hour 

3. Rate of advance: 14.9 feet/hour 

Contaminant Removal: Contaminant removal was not evaluated in dredge area 1. In area 2 the 
dredge made two passes over the 100 by 60 foot area. The dredge attempted to remove a 6 inch lift 
of sediment with each swing and made 2 swings per advance. This procedure was then repeated dur
ing the second pass. Comparing the results of hydrographic surveys taken on 12 September 1988 
and 24 January 1989 revealed that on average a 1.5 foot thick sediment layer was removed. Typical 
cross sections of this area are shown in Figure 1-15. Sixteen (16) sediment cores were taken from 
the 100 by 60 foot area on 23 January and composited into four samples which were analyzed for 
PCBs. The samples represented the top 3 inches of sediment. PCB levels ranged form 3.0 ppm to 
9.6 ppm with the average being 5.4 ppm. 

Sediment Resuspension and Contaminant Release: A sampling device (Figure 1-16) was 
attached to the dredge adjacent to the dredge head to allow for six locations around the dredgehead to 
be sampled at once. Samples were taken at approximately 15 minute intervals during operating peri
ods with each individual sample analyzed for total suspended solids (Table 13). This data was used 
with the dredge's swing speed and the water depth to develop a sediment resuspension rate. Rates 
were computed from five days of operation when the dredge was operating in contaminated sedi
ments. The results are summarized below with the data used in deriving these values contained in 
Table 10. 

Range of Resuspension Rates Average Resuspension Rate 
Date (grams/sec) (grams/sec) 

1-9 16.4 - 205.1 78.4 
1-10 7.1 - 110.8 45.7 
1-11 4.2 - 165.3 42.3 
1-12 20.4 - 115.4 47.7 
1-13 2.1 - 96.1 26.2 

Composite samples were taken randomly from the mia-depth ports of the dredgehead sampler and 
were analyzed for PCBs and metals (Cd. Cu. Pb). These results are shown in Table 11. 

Sediment and Contaminant Transport: Figure 1-14 shows the locations of the 15 stations es
tablished around the Matchbox dredge's work area. 10 of which were sampled hourly during the 
dredge's fll'St three days of operation. These samples were analyzed for total suspended solids with 
the results appearing in Table 12. 

Composite samples representing rows 1-5,6-10, 11-15 were formed by combining samples from 
the five individual stations in each group. These samples represented a cross sectional area of the 
cove and were taken after the dredge had been operating for several hours. These samples were ana
lyzed for PCBs and metals with the results appearing in Table 3. 

-
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-

-

-

-

-
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• 

• 


-

-


-1-24 

• 



-

Table 1 

~ Resuspension Rate· Cutterhead Dredge 

- November 22 
Swing 

Tide Area'" Speed AvgTSS Resuspension 
Time Ht. (ft) (ft2) (ft/see) Volume (1) (mg/l) Rate (g/see) - 0654 3.9 10.1 0.53 151.6 305.1 46.3 
0709 3.9 10.1 0.53 151.6 175.8 26.7 
0726 3.7 9.6 0.53 144.1 114.4 16.5 
0748 3.5 9.1 0.53 136.6 87.6 12.0 - 0755 3.3 8.6 0.53 129.1 97.3 12.6 
0813 3.1 8.1 0.53 121.6 97.2 11.8

• 

• 
November 23 

Swing 
Tide Area (1) Speed AvgTSS Resuspension 

Time Ht. (ft) (ft2) (ft/see) Volume (I) (mg/l) Rate (g/see) 

0710 4.7 12.2 0.58 200.5 37.3 7.5.. 0719 4.7 12.2 0.58 200.5 55.6 11.1 
0732 4.7 12.2 0.58 200.5 54.7 11.0 
0748 4.6 12.0 0.58 197.2 45.8 9.0 
0804 4.5 11.7 0.58 192.2 45.5 8.7 
0819 4.1 10.7 0.58 175.8 40.9 7.2 
0842 3.9 10.1 0.58 165.9 31.4 5.2 
0848 3.9 10.1 0.58 165.9 38.7 6.4 
0903 3.4 8.8 0.58 144.6 61.1 8.8 
0928 2.8 7.3 0.58 119.9 102.2 12.3 
0933 2.8 7.3 0.58 119.9 59.2 7.1 

• 0948 2.5 6.5 0.58 106.8 68.7 7.3 

November 25 
Swing• 	 Tide Area'" Speed AvgTSS Resuspension 

Time Ht. (ft) (ft2) (ft/see) Volume (1) (mg/l) Rate (g/see) 

• 
• 0730 3.9 10.1 0.55 157.4 65.7 10.3 

0741 4.1 10.7 0.55 166.7 46.5 7.8 
0752 4.1 10.7 0.55 166.7 87.5 14.6 
0817 4.3 11.2 0.55 174.5 59.9 10.5 
0856 4.4 11.4 0.55 177.6 54.1 9.6 
0925 4.3 11.2 0.55 174.5 40.7 7.1 
0941 4.2 10.9 0.55 169.8 18.7 3.2 
0953 4.1 10.7 0.55 166.7 17.8 3.0 
1008 4.1 10.7 0.55 166.7 65.3 10.9 
1023 4.0 10.4 0.55 162.0 134.5 21.8.. 1039 3.8 9.9 0.55 154.2 104.2 16.1 
1056 3.5 9.1 0.55 141.8 60.0 8.5 
1108 3.5 9.1 0.55 141.8 40.7 5.8 
1123 3.1 8.1 0.55 126.2 58.3 7.4 
"'tide height x length of dredgehead (2.6 ft) 

4l1li
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Table 1 

Resuspension Rate· Cutterhead Dredge Con 't -
December 17 

Swing • 
Tide Area* Speed AvgTSS Resuspension 

Time Ht. (ft) (fa) (ft/sec) Volume (I) (mgll) Rate (g/sec) -1430 3.73 9.7 0.34 93.4 127.7 11.9 

1445 3.88 10.1 0.34 97.3 176.0 17.1 

1500 4.13 10.8 0.34 104.0 64.1 6.7 

1515 4.14 10.8 0.34 104.0 86.1 9.0 
 -
1530 3.95 10.3 0.34 99.2 64.6 6.4 
1545 3.80 9.9 0.34 95.4 100.4 9.6 
1600 3.66 9.5 0.34 91.5 131.7 12.1 -1615 3.45 9.0 0.34 86.7 163.7 14.2 
1630 3.26 8.5 0.34 81.9 556.3 45.6 -

January 8 ** 

Swing 


Tide Area*· Speed AvgTSS Resuspension 

Time Ht. (ft) (ft2) (ft/sec) Volume (1) (mgll) Rate (g/sec) 


'-"'~I. 
0848 4.81 12.5 0.42 148.7 422.9 62.9 
0900 4.62 12.0 0.55 187.0 527.2 . 98.6 

'0915 4.51 11.7 0.49 162.4 401.8 65.3 
0930 4.81 12.5 0.49 173.5 454.2 78.8 • 
0945 5.04 13.1 0.49 181.8 427.6 77.7 

1005 4.92 12.8 0.49 177.7 272.5 48.4 

1025 4.46 11.6 0.49 161.0 215.8 34.7 
 • 
1034 4.46 11.6 0.51 167.6 350.5 58.7 
1055 4.09 10.6 0.49 147.1 249.3 36.7 
1150 2.85 7.4 0.49 102.7 418.2 42.9 • 

-* tide height x length of dredgehead (2.6 ft)

** cutterhead was rotated at maximum RPM (40 RPM). These values were not used in determining 

average resuspension rate. 

-
.. 
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- Table 2 
Dredgehead Samples - Cutterhead Dredge 

Samglc No, ~ fQl Ql Ql.. 	 (ppb) (ppb) 

11-21 	 519121 0730 5.43 WWC 
519122 0730 18.00 228 6 71 FWC 
519122 0730 0.53 WFC -
519123 	 0730 3.76 90 4 31 WWC .. 11-22 	 519321 0742 6.87 WWC 
519322 0742 0.56 FWC 
519322 0742 0.51 WFC 

.. 
• 11-23 519521 0741 3.59 WWC 

519522 0903 3.48 91 2 32 WWC 
519523 0903 0.50 WFC 
519523 	 0903 3.16 FWC 

12-16 	 520921 26.60 WWC.. 520923 14.30 281 10 120 WWC 
520922 66.70 330 9 110 FWC 
520922 1.59 2 0.1 0.4 WFC 

12-17 521950 1420 32.80 687 25 203 FWC 
521950 1420 0.99 2 0.2 0.5 WFC 
521951 1520 3.20 WWC.. 521952 	 1620 3.39 91 3 39 WWC 

1-8 	 526222 1120 4.97 WWC 
526223 1120 12.40 FWC• 526223 	 1120 0.68 WFC 

.. 
WWC - Whole Water Composite (Total) 

FWC - Filtered Water Component (Particulate) 

WFC - Water Filter Component (Dissolved) 
.. 

• 

• 

I till 
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Table 3 

Plume Sampling Stations -.....-
CUUkrhkad Dred&e 
~ Sam121, ~Q. ~ SIaOQOS f03. ~ Q1 £h -(ppb) 
11-21 	 513151 2 1-5 1.41 WWC 

513153 2 11-15 1.41 WWC • 
11-22 	 513251 4 6-10 1.65 WWC 

513252 4 6-10 0.77 WFC 
513252 4 6-10 1.94 FWC -
513253 4 6-10 0.66 	 WWC 

11-23 	 513351 2 1-5 0.62 WWC 
513352 5 6-10 0.17 FWC 
513325 5 6-10 0.31 WFC 
513353 5 11-15 0.54 WWC 

HQCZ;Qn1a1 Ay~[ Dred~, 	 
12-2 	 513451 2 1-5 1.45 WWC 

513452 3 6-10 16.2 0.74 8.1 WWC 
513452 3 6-10 1.32 12 0.06 1.2 FWC -513452 3 6-10 1.02 4.3 0.43 0.3 WFC 
513453 3 6-10 0.71 WWC 

•12-3 	 513551 3 1-5 1.74 WWC 
513552 3 6-10 1.97 FWC 
513552 3 6-10 1.13 WFC 
513553 5 11-15 1.85 24.9 0.84 10.4 WWC 

12-4 	 513651 2 1-5 2.19 WWC 
513652 3 6-10 0.62 8.6 0.18 3.3 FWC .. 
513652 3 6-10 0.29 4.2 0.53 1.4 WFC 
513653 3 6-10 1.90 9.7 0.74 4.3 WWC 

MaIkbbox Ored&e •12-10 	 513751 3 1-5 1.05 WWC 
513752 5 6-10 0.84 4.9 0.16 2.3 FWC 
513752 5 6-10 0.21 2.9 0.33 4.8 WFC ..513753 5 11-15 1.05 7.1 0.36 4.1 WWC 

12-12 	 513851 1 1-5 1.64 WWC 
513852 3 6-10 5.13 24.8 0.60 10.8 FWC 
513852 3 6-10 0.26 25.0 0.43 1.5 WFC 
513853 3 11-15 1.13 13.6 0.83 5.3 WWC 

12-13 	 513951 3 1-5 1.10 WWC -
513952 3 1-5 0.89 3.1 0.42 1.9 FWC 
513952 3 1-5 49.4 11.2 0.20 3.3 WFC 
513953 3 1-5 1.23 12.8 0.84 5.6 WWC -WWC - Whole Water Composite (Total) 


FWC - Filtered Water Component (Particulate) 

WFC - Water Filter Component (Dissolved) 
 • 
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Table 4 

...", 

- Plume Sampling. Cutterhead Dredge 
Total Suspended Solids (mg/I) 

Sampling Event 
Station 1 2 1 ~- November 21 

• 

6 2 10 

7 3 24 

8 4 15 

9 3 80 

10 4 57 

11 5 5 

12 6 2 

13 7 4
• 14 7 

• 
15 7 

November 22 

• 6 3 7 8 16 5 
7 8 6 8 23 13 
8 3 6 7 13 7 
9 12 7 5 17 4 

.'--' 10 9 4 9 13 9 

• 

11 8 6 16 14 6 
12 ·6 4 6 8 14 
13 4 6 11 41 16 
14 5 5 24 9 28 
15 5 5 9 8 7 

• November 23 

• 
1 3 5 

2 3 

3 3 7 


• 
4 3 7 
5 6 5 
6 5 10 3 4 5 
7 6 12 7 6 7 

• 
8 5 4 5 4 8 
9 6 4 9 2 5 
10 3 5 4 3 4 

• 
11 5 5 4 
12 5 10 5 
13 3 4 3 
14 4 6 4 
15 4 5 7 

1) Initial sampling event took place approximately 15 minutes after the start of dredging. There was .. a 45 minute interval between events . 

2) Refer to Figure 1-8 for location of sampling stations. 
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TableS ",-. 

Dredgehead Sampling. Cutterhead Dredge 
Total Suspended Solids (mg/l) -
Sampling Port 

~ 1 J ~ 
November 21 

0726 66 46 p-s 
0741 34 8 S-p -
November 22 

0654 237 444 109 592 221 228 s-p 
0709 209 177 126 225 253 66 P-S 
0726 214 210 49 51 98 65 p-S 
0743 122 27 185 47 57 s-p -
0755 112 169 77 31 S-P 
0813 48 104 68 169 s-p -November 23 

0710 16 69 26 16 34 63 P-S 
0719 70 30 20 82 93 39 S-P • 
0732 26 79 96 36 71 19 p-s 
0748 39 77 41 41 52 26 S-P 
0804 35 46 47 40 71 34 S-P 
0819 38 55 37 25 36 54 p-s 
0842 33 46 40 24 23 22 S-P 
0848 29 79 14 33 P-S 
0903 79 57 67 42 S-P 
0928 83 163 122 42 P-S 
0933 68 74 51 44 S-P 

It0948 71 130 30 44 S-P 
0741 P-S 

November 25 • 
0730 17 65 65 115 p-s 
0741 63 21 76 25 S-P 
0752 107 87 66 90 P-S -
0817 48 97 70 25 P-S 
0856 27 111 67 41 35 18 S-P 
0925 7 121 35 31 24 26 S-P -0941 14 24 16 19 13 27 P-S 
0953 16 40 6 10 S-P 
1008 60 73 72 76 67 44 p-s 
1023 40 245 143 185 97 97 s-p 
1039 156 121 109 85 78 76 S-P 
1056 53 48 78 S-P 

•1108 27 35 60 p-s 
1123 70 32 96 66 S-P 

" -
-
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.~ Table 5 Con't 

Sampling Pon 

~ 1 2 2 ~ 5.
- December 17 

1430 145 29 185 151 P-S 
1445 218 214 185 87 s-p - 1500 46 33 124 53 P-S 

1515 69 81 87 108 P-S 

1530 74 56 40 90 p-S
- 1545 77 161 109 55 S-p 

1600 170 82 143 P-S 

1615 203 180 108 P-S
• 1630 531 101 385 1208 S-P 

January 8*• 

• 
• 

0848 327 113 94 907 255 842 P-S 
0900 297 41 286 1987 94 458 S-p 
0915 139 1127 170 253 92 631 P-S 
0930 92 41 152 655 135 1650 S-p 
0945 214 471 334 541 122 885 P-S 
1005 76 61 138 679 167 514 S-P 
1025 271 329 180 276 135 104 P-S 
1034 496 634 112 426 123 314 S-P 
1055 482 337 177 167 211 122 P-S

.1"""" 1150 486 350 S-p 

* Cutterhead rotating at full power

** P-S - dredgehead swinging from pon to starboard
• S-P - dredgehead swinging from starboard to pon 

• 
Table 6 

Resuspension Rate· Horizontal Auger Dredge.. 
December 2 

.. 
 Rate of 

Tide Area* Advance AvgTSS Resuspension 

Iimk Bt, (ft) Cfi2l (ft/sec) Volume en !1mLl1 Rate (usec) 

-
.. 1345 2.3 20,7 0.48 281.5 771 217 

1350 ·2.3 20,7 0,56 328.4 2781 913 
1425 2.4 21.6 0,50 305,9 2063 631 
1430 2.4 21.6 0.68 416,1 1215 505 
1438 2.4 21.6 0.46 281,5 1939 546 
1535 2,3 20.7 0.48 281.5 4037 1136 
1555 2.3 20.7 0,49 287.3 2363 679 
1602 2.3 20.7 0.48 281.5 3407 959 
1620 2.2 19.8 0.45 252.4 2487 628 

•II""" 
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Table 6 Con't ,",-,. 

December3 -
Rate of 

Tide Area* AayiiI.D~S:: Ay&ISS Resuspension 
~ Ht. (ft) !fi2l (ftlss::c) yolums:: (I) !miLll Rate (&/sec) • 
1630 3.0 27.0 0.23 175.9 692 122 
1637 2.9 26.1 0.21 155.3 528 82 
1640 2.9 26.1 0.24 177.4 3050 541 
1720 2.8 25.2 0.21 149.9 1302 . 195 

. 1755 2.4 21.6 0.20 122.4 634 78 
1815 2.3 20.7 0.22 129.0 803 104 -

December 4 -
Rate of 

Tide Area* Advance AvgTSS Resuspension 
~ Ht.1fil !fi21 (ftlss::c) volume; (1) !m&lll Rate (&/ss::c) 
1555 2.1 18.9 0.26 139.2 1630 227 

1615 2.1 18.9 0.35 187.4 935 175 
 • 
1640 2.1 18.9 0.35 187.4 1230 231 

1715 2.1 18.9 0.26 139.2 2630 366 

1735 2.1 18.9 0.35 187.4 1205 226 

1750 2.0 18.0 0.26 132.6 5154 680 


..
*tide height x width of dredgehead (9 feet) 

• 

• 
• 

-
-

-
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Table 6 Con 't 

~...", 

- January 15 

Rate of 
Tide Area* Advance AvgTSS Resuspension 
Ht. (ft) !ft2) (ft/sec) volume<D Rate (wee)~ !miLD-

1105 0.94 8.46 0.13 31.2 975.4 30.4 
1135 0.99 8.91 0.21 53.0 169.9 9.0 

• 

• 1205 0.91 8.19 0.28 65.0 245.4 16.0 
1220 0.97 8.73 0.31 76.7 512.1 39.3 
1235 1.03 9.27 0.33 86.7 1174.0 101.8• 1250 1.10 9.90 0.30 84.1 712.4 59.9 
1335 1.87 16.83 0.28 133.5 934.1 124.7 
1350 2.10 18.90 0.37 198.1 399.2 79.1 
1400 2.27 20.43 0.21 578.8 1600.6 926.4 

• 
1415 2.50 22.50 0.22 140.2 401.5 56.3 
1455 3.03 27.27 0.25 193.1 337.5 65.2 
1505 3.03 27.27 0.20 154.5 781.7 120.8 
1515 3.03 27.27 0.26 200.9 844.6 169.7 
1525 3.09 27.81 0.22 173.3 2788.8 483.3 
1535 3.09 27.81 0.20 157.6 2862.3 451.1

• 1545 3.09 27.81 0.23 181.2 977.8 177.2 
1555 2.95 26.55 0.22 165.5 416.8 69.0 
1635 2.88 25.92 0.21 154.2 3991.4 615.5 

.<IIIIIIII 1645 2.77 24.93 0.23 162.4 2795.8 454.0 
1655 2.44 21.96 0.22 136.9 2020.4 276.6 
1705 2.44 21.96 0.22 136.9 1806.7 247.3 .. *tide height x width of dredgehead (9 feet) 

• 

• 
• 


• 

.. 
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Table 7 	 ',-" 

Dredgehead Samples - Horizontal Auger Dredge -
~ Sam121s: NQ. ~ feB Q1 Ql f1l 

(ppb) (ppb) ..
12-2 	 519922 1535 364.0 4644 138 1483 FWC 

519922 1535 22.9 5 0.5 22 WFC 
519923 1535 133.0 1363 163 1707 WWC .. 

12-3 	 520122 1755 19.9 WWC 
520122 1755 18.2 FWC 
520122 1755 8.8 	 WFC .. 
520123 1755 29.1 	 WWC 

12-4 	 520323 1630 29.6 1188 31 608 WWC 
520323 1630 12.6 WWC -
520323 1630 36.8 832 23 392 FWC 
520323 1630 7.8 3 0.1 1 WFC 

1-15 	 527421 1220 16.2 wwc 
527422 1220 1.0 WFC 
527422 1220 382.0 4219 95 1372 FWC 
527423 1400 98.6 3617 131 1550 WWC • 
527424 1525 108.0 3932 146 1592 WWC 
527425 1635 47.4 1884 27 642 WWC ~~ WWC - Whole Water Composite (Total)

FWC - Filtered Water Composite (particulate)
WFC - Water Filter Component (Dissolved) 

•TableS 

Plume Sampling - Horizontal Auger Dredge 


Total Suspended Solids (mg/l) 
 • 
Sampling Event 

SIllOQn 1 2 1 
December 2 •1 7 11 
2 7 14 
3 4 12 •4 31 5 
5 11 16 
6 11 12 4 16 
7 7 6 6 9 -8 8 9 10 7 
9 5 9 8 7 
10 9 12 11 7 
11 12 11 	 
12 9 7 
13 7 9 •14 5 6 
15 11 6 

'  -
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Table 8 con't 
Sampling Event - Stati!lD 1 Z 3. ~ 


December 3 


1 9 17 22 

2 7 7 
- 3 7 6 

4 18 3 5 

5 5 10 13
• 

• 
• 

6 3 2 21 4 4 
7 3 4 37 2 2 
8 2 2 34 3 2 
9 5 5 36 2 3 
10 6 13 41 12 8 
11 9 3 
12 2 2 

• 
13 1 1 
14 4 
15 1 5 

December 4 

• 	 186 

• 

2 13 16 

3 29 67 

4 11 10 

5 16 19 

6 12 16 9 

7 13 9 11 

8 9 5 8 

9 7 8 11 

10 11 9 9 


• 	 11 13 
12 9 
13 7 

• 14 	 9 
15 11 

1) Initial sampling event took place approximately 15 minutes after the start of dredging. There 
was a 45 minute interval between events. • 2) Refer to Figure 1-12 for location of sampling stations. 

• 

• 

• 
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Table 9 
Dredgehead Sampling. Horizontal Auger Dredge ' 

~ 1 

December 2 

1345 596 1012 
1350 2942 5020 
1425 1287 2840 
1430 1694 1222 
1438 2616 1752 
1535 6162 1330 
1555 1812 4141 
1602 4354 2820 
1620 2197 2150 

December 3 

1630 132 1186 
1637 416 1564 
1640 258 2340 
1720 2078 1277 
1755 727 1854 
1815 1007 722 

December 4 

1555 1799 1460 
1615 401 2055 
1640 1913 1423 
1715 1331 2553 
1735 540 2603 
1750 7379 4834 

-

Total Suspended Solids (mg/l) -

Sampling Port 

l ~ Directi,2n 
 -
1895 	 616 361 147 Forward 

4716 954 274 Reverse -
Forward 


730 Reverse 

1450 Forward 
 -4620 Forward 
1138 Reverse 
3047 Forward 
3115 Reverse 

-
971 1149 356 358 Reverse 

912 162 63 . 53 Forward 

6553 Reverse 
 •551 Forward 

604 268 141 209 Reverse 

680 	 '--.,. 

Forward 

349 Reverse 

356 Reverse 

4008 Forward 
 •474 Reverse 

3248 Forward 


• 

-

-

-
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Table 9 con 't 
~ Sampling Port - Iimk 1 2 .l ! l Dirs:~tiQn 

January 15 

1105 2412 386 129 Reverse 
1135 103 184 223 Forward 

-
- 1205 163 259 315 Forward 

1220 321 903 312 Reverse 
1235 656 1516 1350 Forward 
1250 229 1267 642 Reverse 
1335 1063 1148 592 Forward 
1350 404 343 451 Reverse• 1400 2516 1428 4042 456 444 718 Forward 

• 
1415 128 494 356 525 641 265 Reverse 
1455 377 319 174 562 514 79 Forward 
1505 61 136 1806 1727 889 72 For. & Rev. 

• 
1515 436 1983 1367 466 700 117 Reverse 
1525 364 3095 2925 4049 5950 350 Forward 
1535 3313 2904 3276 3121 4188 372 Forward 
1545 366 3099 726 581 983 111 Reverse 
1555 117 123 769 725 690 76 Reverse 
1635 1452 4634 5888 Forward 
1645 2045 2407 3936 Reverse• 1655 2012 1873 2176 Reverse 
1705 2418 1664 ·1338 Forward

til"" 
• 

Table 10 
Resuspension Rate· Matchbox Dredge • 

January 9 

• 	 Swing 
Tide Area· Speed AvgTSS Resuspension 

~ HE. (ttl !fl2l (ftlss:c) VQlums: m !miLll Rats: (~ss:~)
• 0855 3.74 22.44 0.23 146.2 309.8 45.3 

0919 3.85 23.10 0.23 150.5 1363.0 205.1 
0930 3.82 22.92 0.23 149.3 802.9 119.9• 	 1105 4.08 24.48 0.23 159.5 353.5 56.4 
1111 3.98 23.88 0.23" 155.6 174.9 27.2 
1121 3.80 22.80 0.23 148.6 110.4 16.4• 

• 	 1-37 
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Table 10 Con't ,-,,'

January 10 -Swing 
Tide Area * Speed AvgTSS Resuspension 

~ Ht. (fi) !fa) (ftJs~) YQ!umem !miLD Rate (~e~) -0900 2.78 16.68 0.26 122.9 481.4 59.2 
0915 3.02 18.12 0.26 133.5 53.4 7.1 
0925 3.24 19.44 0.26 143.2 61.7 8.8 
0946 3.44 20.64 0.26 152.0 62.4 9.5 
0953 3.61 21.66 0.26 159.5 99.9 15.9 
1003 3.61 21.66 0.31 190.2 79.5 15.1 
1052 3.87 23.22 0.28 184.2 438.8 80.8 -
1103 3.87 23.22 0.22 144.7 679.6 98.3 
1111 3.79 22.74 0.20 128.8 481.5 62.0 
1125 3.81 22.86 0.29 187.8 590.0 110.8 -1141 3.73 22.38 0.24 164.8 179.1 29.5 
1146 3.73 22.38 0.26 164.8 241.6 39.8 
1158 3.43 20.58 0.26 151.6 226.9 34.4 
1200 3.43 20.58 0.27 157.4 431.2 67.9 -

January 11 .. 
Swing 

Tide Area* Speed AvgTSS Resuspension 
~ Ht. (fO !fa) (ftlsec) YQlume en !m&Lll Rare (~ec) ,*'I"~.. 

0845 2.40 14.4 0.30 122.4 240.0 29.4 
0900 2.64 15.8 0.29 129.8 41.0 5.3 
0912 2.85 17.1 0.29 140.5 40.6 . 5.7 
0918 2.85 17.1 0.27 130.8 31.8 4.2 
0935 3.13 18.8 0.29 154.4 61.1 9.4 
1135 3.34 20.0 0.29 164.3 300.0 49.3 •
1142 3.05 18.3 0.29 150.3 156.1 23.5 
1155 2.76 16.6 0.30 141.1 118.3 16.7 
1205 2.76 16.6 0.29 136.4 170.1 23.2 •1229 2.45 14.7 0.29 120.8 1368.5 165.3 
1230 2.10 12.6 0.29 103.5 1285.6 133.1 

*tide height x length of dredgehead (6 feet) -
-

-
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Table 10 Con't.."I January 12 .. 
Swing 

Tide Area'" Speed AvgTSS Resllspension 

- ~ Ht. (fi) !fa) (ftlsec) Ysllu~m !m&LD Ra~ (LUs~~) 

• 

1008 2.40 14.4 0.27 110.1 185.3 20.4 

1030 2.89 17.3 0.28 137.2 369.2 50.7 

1037 3.00 18.0 0.32 163.2 230.4 37.6
- 1045 3.12 18.7 0.35 185.4 296.8 55.0 

1050 3.15 18.9 0.32 171.3 237.3 40.6 

1100 3.25 19.5 0.32 176.8 201.1 35.6 


• 
1105 3.31 19.9 0.32 180.4 321.7 58.0 
1110 3.37 20.2 0.32 183.1 208.3 38.1 
1115 3.43 20.6 0.32 186.7 246.3 46.0 
1120 3.51 21.1 0.34 203.3 262.5 53.3 

.. 
1125 3.60 21.6 0.32 195.8 241.8 47.3 
1130 3.69 22.1 0.32 200.3 199.4 39.9 .. 1200 3.84 23.0 0.32 208.5 218.3 45.5 
1220 3.87 23.2 0.37 243.2 225.8 54.9 
1330 3.59 21.5 0.32 194.9 251.5 49.0 
1350 3.34 20.0 0.32 181.3 190.7 34.6 
1400 3.19 19.1 0.32 173.1 213.9 37.0 
1410 3.07 18.4 0.32 166.8 694.7 115.9 

• 

II',.,J January 13 
Swing 

Tide Area'" Speed AvgTSS Resllspension 
~ Ht. (ft) !fi2l (ftlsee) YolumeCl) !m&LD Rate (LUsee) 

1015 1.9 11.4 0.26 84.0 263 22.1 
1025 2.1 12.6 0.26 92.8 92 8.5

• 1035 2.1 12.6 0.29 103.5 350 36.2 

• 
1040 2.1 12.6 0.23 82.1 1170 96.1 
1053 2.2 13.2 0.27 101.0 227 22.9 
1100 2.3 13.8 0.26 101.6 21 2.1 
1115 2.4 14.4 0.26 106.1 86 9.1 
1125 2.5 15.0 0.26 110.5 116 12.8 

,.. tide height x length of dredgehead (6 feet) . 

.. 
• 

• 
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Dredgehead Samples. Matchbox Dredge -

'-' 

Table 11 

Sam121c N2, ~ Ql 
(ppb) -

12-12 

1-9 

520521 
520522 
520522 
520523 

526322 
526322 

1252 
1252 
1252 
1252 

1119 
1119 

4.54 
17.10 
0.59 
4.39 

119.00 
0.52 

99 
3 
102 

3.0 
0.5 
3 

32 
2 
39 

WWC 
FWC 
WFC 
WWC 

FWC 
WFC 

-
-

1-10 526522 
526522 

0942 
0942 

205.00 
1.12 

FWC 
WWC -

1-11 526722 1230 0.19 WWC -1-12 

1-13 

526923 
526923 
526924 
526924 
526925 

527924 

1100 
1100 
1220 
1220 
1220 

1125 

7.47 
0.34 
12.60 
0.39 
30.40 

6.72 7.1 2 28 

FWC 
WFC 
FWC 
WFC 
FWC 

FWC 

'- .. 
• 

WWC - Whole Water Composite (Total) 
FWC - Filtered Water Component (Particulate) 
WFC - Water Filter Component (Dissolved) .. 

-
-
-
-

-
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Table 12 
..,;' Plume Sampling. Matchbox Dredge 

Total Suspended Solids (mg/I) - Station 1 2 1 ~ 

December 12-
- 1 12 


2 4 

3 6 

4 6 .. 5 11 

• 

6 8 14 37 

7 9 14 53 

8 9 10 10 

9 8 5 6 

10 20 20 14 

11 9 17 

12 16 14 

13 7 9 

14 4 4 

15 5 10


• December 13 

1 41 19 13 
2 

3 39 6 7 

4 45 18 20 

.~ 

.. 5 6646 45 

6 12 10 41 

7 13 9 13 

8 9 3 10 

9 9 11 19 

10 16 14 10 
.. 11 
12 

13 

14
.. 15 

1) Initial sampling event took place approximately 15 minutes after the start of dredging. There was .. a 45 minute interval between events . 

2) Refer to Figure 1-17 for location of sampling stations . .. 
• 
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Table 13 '-",Dredgehead Sampling - Matchbox Dredge 

Total Suspended Solids (mg/l) -
Sampling Port 

~ 1 .2 ..1 ..4 
December 12 .. 
1220 68 45 33 s-p 
1230 246 45 51 P-S .. 
1235 59 45 38 S-P 
1243 20 110 P-S 
1252 112 39 "S-P 
1257 87 89 P-S -1301 127 136 S-P 

December 13 -0945 293 47 63 35 49 35 P-S 
0950 85 26 20 S-P 
0955 17 23 27 P-S 
1000 19 21 25 25 22 30 S-P 
1005 46 18 19 S-P 
1010 37 7 P-S 
1025 43 31 53 39 63 P-S .. 
1035 29 23 24 1149 25 21 S-P 

'"-NIl 
January 9 

0855 1100 63 60 39 190 408 s-p 
0919 2244 251 216 2216 436 2815 p-s 
0930 77 528 1804 S-P 
1105 254 148 (P-S) 682 330 (S-P) 
1111 164 113 248 P-S .. 
1121 77 144 S-P 

January 10 • 
0900 859 53 100 225 305 1348 S-P 
0915 63 43 53 70 55 36 p-s ..0925 23 40 59 167 47 34 S-P 
0946 46 36 30 196 29 37 P-S 
0953 97 118 84 95 90 116 S-P 
1003 87 95 78 65 65 88 S-p 
1052 145 160 297 388 813 830 p-s 
1103 199 688 1152 P-S 
1111 1649 497 35 101 254 353 S-P 
1125 257 164 537 746 1247 P-S -
1141 218 123 183 193 
1146 223 253 152 339 P-S 
1158 119 164 269 355 S-P .. 
1200 341 138 221 1025 P-S 
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Table 13 con't 
Sampling Port...,I 

Time 1 .1 .1 A-	 January 11 

0845 75 44 40 148 51 1082 S-P 
0900 37 31 32 33 25 88 P-S 
0912 31 49 32 41 36 55 S-P -
0918 38 34 26 33 32 28 p-s 
0935 40 27 25 34 35 207 S-P 
1135 101 88 266 918 126 s-p - 1142 170 185 339 89 77 77 P-S 
1155 103 89 162 p-s 
1205 79 139 531 89 97 86 S-P• 	 272 454 560 2781 3048 1096 P-S 
1229 1399 1824 961 1016 589 1926 S-P 
1230 161 165 176 166 186 178

• 
Janauzy 12 

• 	 1008 61 67 112 56 100 717 P-S 

.. 
1030 110 265 150 116 603 972 s-p 
1037 263 231 187 219 271 211 P-S 
1045 184 109 190 279 302 716 S-P 

.. 

1050 319 209 198 198 200 300 P-S 
1100 187 200 50 263 287 220 S-P 
1105 187 367 182 228 602 364 P-S 

.~ 1110 185 380 269 121 159 136 s-p 
1115 246 153 375 244 231 229 p-s 
1120 289 381 208 217 233 247 S-P 
1125 194 171 241 322 273 250 p-s 
1130 193 171 193 217 240 182 S-P 
1200 218 186 199 . 230 257 220 P-S 
1220 200 211 224 176 312 232 S-P 
1330 211 207 171 146 316 456 P-S 
1350 206 214 213 172 175 165 s-p 
1400 249 268 182 188 191 206 P-S 

ill 1410 1020 722 331 518 883 S-p 

January 13 .. 
• 

1015 176 122 363 390 p-s 
1025 102 84 82 118 94 74 P-S 
1035 13 1275 601 90 64 58 S-P 
1040 4833 169 103 1083 654 181 P-S 
1053 503 237 95 76 124 326 S-P 
1100 28 18 23 22 16 17 P-S 
1115 76 208 59 45 45 P-S- 1125 89 174 146 56 P-S 

(1) P-S - dredgehead swinging from port to starboard• 	 S-P - dredgehead swinging from starboard to port 

.",.. 
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Table 14 

Ellicott Series 370 Specifications -
General: 

Overall Length (With Ladder) 17.5 m 57.5 feet 
 ..Overall Width 3.7 m 12 feet 
Hull Depth 1.2 m 4 feet 
Mean Draft (With Fuel) .8 m 2.75 feet 
Spud Length (Each) 8.4 m 27.5 feet 
Spud Weight (Each) 839 kg 1,850lbs 
Total Dredge Dry Weight 22,680 kg 50,000 lbs ..
Operatin& Conditions: 
Digging Depth: 
Minimum 1.0 m 3 feet 
Maximum 6.0 m 20 feet -Maximum Cut of Dredge 
@ Minimum Digging Depth 22.3 m 73 feet 
@ Maximum Digging Depth 18.3 m 60 feet 

Minimum Channel Width 9.3 m 30.5 feet -
Prime Mover: 
Caterpillar 3406 Diesel Engine (Radiator Cooled) • 

Intermittent Rating @ 1800 RPM 268 kw 360 SHP 
Continuous Rating @ 1800 RPM 230 kw 308 SHP 

,-". 

Cutter Module: 
Cutting Force 1,742 kg 3,8401bs 
Cutting Force per Linear Inch of Blade 35 kg/cm 195 lbs .. 
Cutter Diameter 800 mm 31.5 inches 
Shaft Diameter (Average) 89 mm 3.5 inches 
Cutter Rating @ 40 RPM 30 kw 40 SHP 
Cutter Speed (Variable) 0-40 RPM 0-40 RPM • 
Swin& Winch~.s;. 

Line Pull 3,629 kg 8,000 lbs 
 •Line Speed (1st layer) 23 mlmin 75 ft/min 
Wire Size 12.7 mm .50 inch 
Drum Capacity 61.0 m 200 feet • 
Ladder Hoist Cylinder: 
Extending Force 4,452 kg 9,8151bs 
Retracting Force 18,235 kg 40,200 lbs -Lowering Speed 5.5 mlmin 18ft/min 
Hoisting Speed 7 mlmin 22ft/min 

Spud Hoist Cylinders: -
Lifting Force (@ Spud) 2,545 kg 5,610 lbs 
Lowering Speed Free-Fall Free-Fall 
Hoisting Speed 41.5 mlmin 136 ft/min -


-
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Table 14 Con't 

Electrical System: 

Battery (24 VDC) 220 amp-hr 220 amp-hr 


Capacities: 
Fuel 

Port Fuel Compartment 1,325 liters 350 gal 

Starboard Fuel Compartment 1,325 liters 350 gal 
- Hydraulic Oil 1,1361iters 300 gal 

• 	 Optional EQuipment: 

Air Conditioning Anchors 

Heating Booster Pumps 

AC Electrical System Pipeline
• 	 Production Measuring Equipment Pipeline Components 
Dredge Lifting Ring Additional Components Upon Request .. 

• Table 15 

Mudcat Machine Specifications (Model SP·915) 


.. 
General: Length -39'5 1/2" 


Width 9'0" 

Height O.A.8'8" 

Draft 21" 

Floating Clearance 6'9" 

Fuel Capacity 360 gallons 


.. 
Floatation: Pontoons-Two 36" x 32" x 33'0" 

10 gauge H.R. steel with internal bulkheads and stiffeners; formed for rigidity; polyurethane foam 
filled 

• 

Cutter Au~er Assembly: 

Diameter l3 5/8" 

Pitch 11" 

Flighting 3/8" 

Speed Up to 100 RPM 

Cutter Knives Detachable Heat-Treated Blades 

Auger Torque 16,500 in.lbs. 

Mud Shield: 19" x 9' Hydraulically Adjustable 

Workin~ Capacity: 

Cut 9' wide x 18" maximum depth 

Operating Depth 15' maximum 
-

En~ine; Detroit Diesel 6-71 RC 

175 BHP@ 1800 RPM 


• 
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Table 15 Con't 

Pump: Centrifugal Recessed Impeller 
Impeller Diameter 18" 
Suction Diameter 8" -
Discharge Diameter 6" 
Capacity-2000 GPM @ 1180 against 124' Head (water) .. 

Hydraulic Au~er and AccessOty Drive System: Dual Pumps 
Capacity Total-30.5 GPM @ 1800 RPM 
Reservoir-47 gallons 
Circuit One-Auger Drive -
Circuit Two-Boom, Mud Shield, and Winch 
Relief Valve Setting: Auger-3000 PSI, Others-1500 PSI 
Main Pump Drive -
Single Pump 

Variable Displacement Hydraulic Pump 

Fixed Displacement Hydraulic Motor 
 -Capacity-78 GPM@ 1800 RPM (Engine Speed) 

Reservoir-30 Gallon 

Relief Valve Setting: 5000 PSI 
 -

Propulsion: Capstan Type Hydraulic Winch 
Traverse Speed-50 FPM Maximum Forward and Reverse ..Average Cutting Speed 8 to 12 FPM 

Electrical System: Voltage-12V 
All. Output-65 Ampere 
Batteries-12V, 205 Ampere Hour, Parallel Wired 
Circuits-2 Wire System Full Ground 

Finish: Polyurethane finish coat on corrosion inhibitive • 
epoxy primer -

Colors: Standard Colors-Green and White .. 
• 
.. 
-
-
-

-
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Table 16 
Matchbox Dredge "Bean-Sweep" 

General Overall Length (Ladder Up) 65'-0"- Hull Length 50'-0" 

Overall Beam 23'-0" 

Depth 6'-0"
- Ladder Length 35'-0" 
Fuel Capacity 11,500 gals. 
Approximate Weight 100,000 lbs . • 

Hull Single Piece Welded Construction 

Center 30'0" x 10'-0" X 5'0" 


.. Sponsons 50'-0" x 3'-0" X 6'0" 


Floatation Hull is divided into 8 watertight sections .. 
Leverroom Leverroom provides 360 degree visibility and is 


removable for transportation. 


Ladder Channel, Angel and Plate construction (heavy duty) 

for cutting hard materials 


~ 16 inch diameter pipe - 45 ft. long 

Cutter Assembly Cutter: Mobile Pulley - Left Hand - 6 Blade 32" I.D . 
• .", Assembly: Rotary Cutterhead 

Renewable Ed~es
• 

En&ine Main Power - Pump 

Twin-D-342 Caterpillar Engines 
• Horsepower = + 750 

.. 
 Dred~e Pump Ammco - 10" x 12" diameter of intake and discharge. Pump is complete with 

cleanout box 

Service Goulds 2 x 3x 8 .. Water Belt Driven for High Efficiency 

Swin~ Braden Hydraulic Winches 

Winches Winches equipped with various speed transmissions for 
III 

smooth steady operation 

Ladder Winch Braden Hydraulic Winch 
III 

Spud Rams Spuds operate with 4 part line for speed 

• 
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Table 17 "-IContaminant Levels Remaining After Dredging 

-


-
Dr~d~ Dr~d~in~ Ar~a Sam121~ NQ. Cll fh 

(ppm) • 
C 1 	 517002 182.0 1166.9 368.1 33.5 

517003 51.7 989.7 313.9 26.7 
517004 189.0 1546.5 472.8 55.9 • 
517005 8.2 1767.5 554.9 55.4 
517006 54.0 967.9 291.8 32.4 
517007 47.3 755.4 217.3 22.3 
517008 31.1 536.9 158.2 20.4 -

C 2 	 517025 8.0 115.0 68.3 1.8 

517026 15.3 133.9 64.7 2.7 
 -
517027 10.7 223.4 99.9 3.5 
517028 0.5 62.9 60.4 1.0 

HA 1 	 517009 270.2 473.6 300.3 6.4 
517010 30.4 297.8 190.4 4.1 
517011 15.5 463.1 268.8 6.3 •517012 96.1 647.2 256.3 16.1 
517014 19.9 415.1 307.2 3.8 
517015 23.5 530.6 303.4 9.1 
517016 9.3 140.4 90.5 2.9 	 "--'. 

M 2 	 517021 3.0 39.9 17.2 1.4 

517022 9.6 77.1 33.7 2.0 
 •517023 4.6 50.9 19.4 1.3 
517024 4.4 62.9 25.9 1.4 

• 
C - Cutterhead Dredge 
HA - Horizontal Auger Dredge 
M - Matchbox Dredge • 

• 

-
-

-
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APPENDIX 2 CONFINED DISPOSAL FACILITY 
,<,..,; I 

... The confined disposal facility (CDF) is a diked retention basin constructed to contain dredged ma
terial. The facility used during the pilot study was constructed on a parcel of city-owned property lo
cated on the New Bedford shoreline. Approximately half of the CDF was constructed below the 
high water line. This appendix discusses the operation of the facility and the monitoring of two con

-
- taminant release pathways: effluent discharged from the facility and seepage/leachate escaping 

through the bottom of the site and through the dikes. Appendix 6 covers the design and construction 
of the in-water portion of the CDF dike. 

CDF Design: Design requirements for storage of dredged material and retention of solids gener
ally control the sizing of CDFs. Procedures for calculating the requirements for volumetric storage, 

• 
• minimum surface area, effluent suspended solids, and weir length are described in EM 1110-2-5027 

(12). Design data for applying these procedures include: sediment physical characteristics, dredge 
production rates and laboratory settling test data. 

.. 


For the pilot study only a limited area was available to construct the CDF and it was necessary to 

determine how much sediment could be contained in the available CDF volume and the optimum se

quence of dredging and disposal operations to utilize this available volume. Settling data for the 

EFS composite sample was used along with estimated dredge production rates to determine that 

10,000 cubic yards of sediment could be placed in the facility while minimizing the suspended sedi

ment load in the effluent. 


The CDF is shown in Figures 2-1 and 2-2 and the physical dimensions are listed below: 

6 1'11tt11i/1' 	 Linear feet of dike 

Initial elevation of in-water dike 

• 	 Top elevation of land dike 

Capacity - primary cell to elevation + 10 ML W 
• 

• 
secondary cell to elevation +10 MLW 

Surface area at elevation + 10 ML W 

primary cell 

• 	 secondary cell 

1775 

+15 MLW 

+12MLW 

26,500 c.y. 

4,400 c.y. 

142,400 s.f. 

26,750 s.f. 

CDF Operation: 	The CDF was divided into a primary and secondary cell as shown in the fig

• 

.. ures. The dredged material entered the primary cell in a slurry that reached a solids content of 40% 
when dredging cap material. The slurry was discharged both with and without a diffuser attached to 
the pipeline. The majority of solids settled out in the primary chamber with the water flowing over a 
weir constructed in the sheet pile wall separating the two cells. At this weir a cationic polymer 
emulsion (Magnifloc 1596C) was sprayed into the water. The chemically enhanced settling took 
place in the secondary cell prior to the water being discharged back into the estuary. Contaminated 
sediment was initially pumped into the CDF followed by clean sediment which was placed to cap the 
facility. The following table summarizes operations: 

611'
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Figure 2-3 Typical Monitoring Well, Confined Disposal Facility 
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Type of Material Quantity(c.y.) Qm ~ Period 
Contaminated 2200 23 59.7 21 Nov - 19 Dec 

- Clean 3920 11 51.5 20 Dec - 4 Jan 

The boards in the weir between the primary and secondary cell were set to elevation +8.0 ML W at 
the start of dredging and were not lowered. Water flowed through the weir and leaked through the 
sheet pile wall during the early stages of dredging and was subsequently discharged from the facility. - The water level within the CDP increased as material built up within the facility and dredging peri
ods increased in length. Water began flowing over the weir at elevation +8.0 MLW on 23 Decem
ber. Additional weir boards were added until the water reached the design elevation at +10 MLW on • 	 3 January. 

The system adding polymer to the water flowing over/through the weir between the primary and • 	 secondary cells operated for 96.7 hours over a six day period while clean material was being dis
charged into the CDP. The polymer was mixed with water and sprayed into the flow at the weir at a 
rate of 2 GPM. The mix of polymer to mixing water was approximately 1 to 1000. 

II 

• 

Effluent Suspended Solids: Laboratory settling column data for the EPS composite sample 
were used in the procedure outlined by Palermo (13) to estimate the effluent suspended solids at the 
weir between the primary and secondary cells. Results from bench scale jar tests performed for the 
EFS indicated that more than 82% additional suspended solids reduction could be achieved in the 
secondary cell following polymer flocculation. These estimates indicated that an effluent suspended 
solids concentration of 70 mg per liter could be attained. 

Sampling was conducted at the weir dividing the cells on 19 days. Samples were taken hourly 
over varying daily periods with the hourly samples combined into a daily composite. Sampling at 
the CDF discharge was conducted over a 15 day period following the same procedure. The hourly 
samples were analyzed to determine the amount of suspended solids. This data is shown on table 1 
for both locations. 

• 	 The results indicate that our estimate of 70 mg per liter was accurate. The polymer had a signifi
cant effect on suspended solids levels during the later stages of the project. During this period, sus
pended solids levels were high (800 mg per liter) at the primary weir and the polymer significantly 

• 	 reduced these levels prior to discharge from the site. The polymer appeared to have only minimal 
impact when suspended solids levels were in the 100 mg per liter range at the primary weir. 

• 
 Effluent Contaminant Levels: Contaminant release from the CDP discharge is calculated direct

ly from suspended sediment contaminant concentrations and dissolved contaminant concentrations 
observed in the modified elutriate test. The results of this test on pilot study sediment are contained 
in appendix 5 and summarized in table 3. Tables 4 and 5 contain the contaminant concentrations • 	 found in the CDF effluent composite samples. The results indicate that the modified elutriate test 
provides a conservative estimate of the contaminant loading in the CDP effluent. 

III Leachate: Seven monitoring wells were installed in and around the CDP as shown in Figures 2
1. Well screens were positioned to capture leachate from varying elevations as shown in Figure 2-2. 
The wells were sampled three times prior to the start of CDP filling with the results shown in table 5.

• The wells were also sampled weekly for a three week period immediately after the disposal of 
dredged material into the CDP was completed. These results are shown in table 6 and do not indi
cate that contaminants are leaching from the site. 

• 
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Table 1 

Confined Disposal Facility 


Emuent Suspended Solids (mg/I) 


December 2 

Dredging for 1.9 hours beginning at 1300 hours 


Time ~ COP Dischar~e 

1430D 60 
1530D 46 
1630D 39 
1730 68 
1830 72 
1930 49 
2030 46 
2130 44 
2230 37 
2330 25 
2430 33 

December 3 
Dredging for 4.3 hours beginning at 1300 hours 

1330 D 71 
1430 D 103 
1530 D 91 
1630 D 115 
1730D 133 
1830D 150 
1930 144 
2030 193 
2130 150 
2230 174 

December 4 
Dredging for 1.6 hours beginning at 1615 hours 

1630D 101 
1700D 102 
1730D 96 
1800 D 108 
1830 D 102 
1900 D 103 
1930 112 
2000 120 
2030 104 
2100 101 

-

• 


-

... 


... 


... 


.. 


.. 

• 


• 


-

... 


-
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DecemberS 
Dredging began at 1445 - Dredge operating for 3.4 hours . -' .. 1600 D 19.60 
1700 D 2800 
1800 D 34.40 
1900 D 37.72- 2000 D 38.08 
2100 42.28 
2200 38.76• 	 2300 36.12 
2400 38.2 
0100 57.40

• 
December 10 

Dredging began at 0615 - Dredge operated for 3 hours 

• 

• 
0800 D 90.4 124.6 
0900 D 91.5 106.0 
1000 D 79.2 
1100 91.0 101.6 
1200 83.6 101.8 
1300 98.4 85.7.. 	 1400 14.6 32.8 
1500 12.7 32.5 
1600 26.6 36.1 ...."" 	 1700 20.7 26.0 

• 
1800 76.5 32.2 
1900 13.5 33.1 
2000 20.3 33.6 
2100 25.6 33.4 

• 
2200 81.7 27.2 
2300 79.4 81.8 
2400 80.4 82.7 

• 
0100 77.4 80.3 
0200 80.0 76.8 
0300 77.8 84.2 

• 
0400 77.2 74.9 
0500 80.2 76.3 
0600 84.8 80.2 

December 11 
Dredge operated for only 20 minutes in morning 

• 0700 20.5 23.0 
0800 9.9 10.1 
0900 13.2 20.1 
1000 20.4 16.3 -
1100 9.9 	 12.4 
1200 14.8 	 16.0 

• 	 1300 44.2 18.0 
1400 79.0 8.5 

4#
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-....'December 12 

Dredge operated for 1.5 hours beginning at 1130 hours 
0700 40.6 26.0 
0800 21.4 19.2 
0900 19.4 14.7 
1000 108.1 48.6 

December 13 -Dredge began at 0915. Dredge operated for 2.3 hours 

0800 96.9 94.1 
0900 99.4 101.9 
1000 D 95.3 100.2 
1100 D 64.0 128.0 
1200 125.8 123.0 -
1300 125.8 189.8 
1400 208.6 
1500 224.9 
1600 216.2 199.4 
1700 195.7 205.0 

•December 16 
Dredge began at 1345. Dredge operated for 2.3 hours 

1400 D 104.6 86.9 
1500 D 97.5 84.7 
1600 D 83.9 93.7 
1700 79.7 71.9 
1800 86.4 94.6 
1900 25.3 34.7 
2000 17.1 32.2 
2100 19.7 29.9 • 
2200 14.5 3l.8 
2300 21.6 30.8 
2400 15.6 24.4 • 

• 
• 

-

-
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December 17

...,I Dredge began at 1320 and operated for 3.7 hours . .. 1000 22.0 29.0 
0200 24.3 26.8 
0300 21.7 28.6 
0400 19.5 28.7- 0500 
0600 38.6 
0700 64.7 87.7 
0800 80.0 92.1 -

.. 0900 85.3 87.5 
1000 91.7 88.8 
1100 87.6 99.2 
1200 85.2 90.4 
1300 90.7 84.0 

.. 

.. 1400 D 82.2 87.3 
1500 D 86.7 88.1 
1600 D 38.8 104.6 
1700 D 26.3 72.6 
1800 27.9 54.8 
1900 30.1 45.6 
2000 23.5 49.0

• 2100 26.6 46.1 
2200 22.2 48.0 
2300 23.2 48.2 
2400 15.9 49.9."""" 

.. 
 December 18 

Dredging began at 1400 and operated for 3.83 hours. 

0100 77.8 122.1 

• 0200 24.2 42.6 

• 
0300 21.6 42.8 
0400 33.9 45.2 
0500 29.8 101.4 
0600 28.8 44.6 
0700 38.5 43.6 
0800 35.6 43.2 

• 

.. 0900 32.3 31.0 
1000 31.3 30.7 
1100 31.4 29.3 
1200 29.3 29.1 

• 

1300 32.6 31.0 
1400 33.3 37.8 
1500 26.7 D 30.9 
1600 28.3 D 35.9 
1700 37.7 D 42.6 
1800 41.0 D 68.5 
1900 45.1 D 136.4 
2000 43.6 67.0 

"", 
'11 
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2100 
2200 
2300 
2400 

December 18 Con't 
38.4 
30.8 
34.0 
41.5 

82.3 
85.8 
75.1 
69.8 

December 19 
Dredging began at 1515 and operated for 3 hours 

0100 46.0 64.6 
0200 135.5 63.2 
0300 59.9 54.7 
0400 132.3 59.8 
0500 46.6 61.2 
0600 63.9 44.7 
0700 50.8 44.2 
0800 34.3 32.5 
0900 23.0 29.1 
1000 27.4 22.2 
1100 23.1 36.7 
1200 24.7 34.2 
1300 22.2 30.3 
1400 20.6 25.0 
1500 25.6 D 32.5 
1600 26.5 D 25.8 
1700 52.7 D 111.8 
1800 54.2 D 84.2 
1900 47.8 D 87.4 
2000 68.3 D 87.9 
2100 95.4 D 83.0 
2200 88.1 87.4 
2300 85.0 82.7 
2400 72.9 91.5 

December 20 
Dredging began at 1615 and operated for 3.3 hours. 

First day dredging cap material 

0100 51.1 73.5 
0200 61.7 77.6 
0300 63.2 82.0 
0400 61.7 48.9 
0500 88.4 142.2 
0600 245.8 240.3 
0700 215.1 212.3 
0800 192.5 193.8 
0900 206.5 228.9 
1000 189.1 183.1 
1100 213.4 200.2 
1200 204.2 191.9 
1300 198.6 197.4 
1400 201.9 184.1 

,,,~ 

-
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December 20 Con't 
1500 202.2 193.7 
1600 197.7 D 211.0 
1700 43.7 D 47.0 
1800 41.5 D 46.1 
1900 52.6 D 49.3 
2000 102.4 D 52.5 
2100 84.2 D 56.0 
2200 84.2 60.4 
2300 59.6 54.7 
2400 74.5 55.3 

December 21 
Dredging began at 0515. Dredge operated for 4+ hours. 

Polymer system started at 0920. 

0100 53.6 68.4 
0200 63.6 52.1 
0300 64.9 53.8 
0400 61.0 60.0 
0500 69.6 D 53.8 
0600 102.0 D 99.0 
0700 127.4 D 110.5 
0800 215.4 D 183.9 
0900 144.3D 142.6 P 
1000 91.9 143.8 P 
1100 252.2 211.9 P 
1200 245.1 161.4 P 
1300 228.3 46.0 P 
1400 100.6 40.6 P 
1500 241.0 125.3 P 
1600 202.1 158.2 P 
1700 58.6 30.0 P 
1800 63.1 53.8 P 
1900 56.7 39.4 P 
2000 76.0 37.0 P 
2100 62.0 35.7 P 
2200 54.5 33.4 P 
2300 59.7 33.3 P 
2400 56.6 33.0 P 

P - Indicates that polymer system was operating 

December 22 
Dredge began at 0540. Dredge operated for 3.7 hours. 

0100 56.6 38.1 P 
0200 54.8 36.0 P 
0300 51.1 28.1 P 
0400 44.8 19.1 P 
0500 35.1 D 34.7 P 
0600 90.8 D 31.2 P 
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December 22 Con't 

"-' 0700 120.2 D 74.6 P 
0800 136.5 D 115.5 P 
0900 178.4 D 168.2 P 
1000 140.9 93.2 P 
1100 102.8 67.0 P 
1200 100.2 68.6 P -1300 48.5 68.6 P 

1400 51.6 56.9 P 

1500 24.6 45.4 P 
 •1600 28.3 48.1 P 

1700 40.7 42.4 P 

1800 60.8 56.6 P 

1900 65.0 41.0 P 
 • 
2000 57.4 41.8 P 

2100 72.2 41.0 P 

2200 48.9 32.4 P 
 -2300 187.4 51.9 P 

2400 54.4 32.9 P 


December 23 -
Dredging began at 0600. Dredge operated for 4.4 hours 

0100 44.5 44.0 P • 
0200 33.2 29.2 P 

0300 60.4 42.9 P 

0400 37.6 25.4 P 
 ~-
0500 42.7 27.1 P 

No dredging on 12/24, 12/25, & 12/26. 
27 Dec. Dredge operated for 4.2 hours between 0900-1300. III

December 28 
Dredging began at 0800. Dredge operated for 5.8 hours. 

Polymer system turned on at 0915. 
III 

0600 212.2 209.0 

0700 171.2 181.0 

0800 171.7 D 180.1 .. 
0900 314.5 D 73.7 P 
1000 376.5 D 71.9 P 
1100 681.4 D 107.7 P 
1200 812.1 D 257.7 P III! 

1300 630.5 D 203.6 
1400 895.4 D 165.2 P 
1500 785.9 264.7 P -1600 280.3 70.6 P 
1700 170.5 83.5 P 
1800 169.5 186.0 P 
1900 134.4 94.7 P 
2000 178.9 77.4 P 
2100 123.6 78.0 
2200 131.4 68.6 
2300 212.6 52.6 P 

'  -
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2400 85.8 	 49.9 P 

December 29 -	 Dredging began at 0800. Dredge operated for 5 hours. 

• P Indicates that Polymer system was operating 

• 


• 

.. 

59.8 P 
93.4 P 
57.4 P 
47.6 P 
47.6 P 
172.6 P 
147.5 P 
152.1 P 
155.1 P 
159.4 P 
577.4 P 
181.0 P 
152.6 P 
149.0 P 
58.6 P 
153.7 P 
85.7 P 
50.2 P 
48.7 P 
63.9 P 
40.0 P 
47.6 P 
49.2 P 
42.9 P 

135.2 P 
50.8 P 
33.0 P 
119.0 P 
39.1 P 

0100- 0200 
0300 
0400

• 	 0500 
0600 
0700 
0800• 	 0900 
WOO .. 1100 
1200 
BOO 
1400.. 1500 
1600 

• 	
1700 
1800 
1900 
2000 
2100 
2200 
2300 .. 	 2400 

0100 

• 0200 
0300 
0400 
0500 

62.3 
183.0 
110.8 
77.6 
66.8 
211.5 
206.5 
192.4 D 
506.5 D 
687.8 D 
637.9 D 
695.4 D 
812.4 D 
689.4 D 
424.8 
394.9 
152.9 
109.4 
78.9 
86.5 
35.9 
62.2 
62.6 
55.1 

December 30 
71.0 
58.2 
56.6 
58.6 
60.2 
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Table 2 
Modified Elutriate Test Dredge Area I -

SamQl~ NQ. D~scri121iQn S]JSl2~nd~d SQlids TQtal PCBS 
(mg/l) (ppb) -

3532 E (F) 6.24 
3533 E (F) 8.85 
3534 E (F) 9.38 
3535 E(U) 129 70.30 
3536 E (U) 167 87.20 
3537 E (U) 63.90 
3514 SW(F) 0.06 -
3515 SW(F) 0.19 
3516 SW(F) 0.14 
3517 SW(U) 0.52 -3518 SW(U) 0.36 
3519 SW(U) 0.51 

E - Modified Elutriate 
SW - Site Water -
F - Filtered (dissolved)U - Unfiltered (total) 

• 
Comparison 

Dissolved PCB Particulate PCB Total PCB 
(ppb) (ppb) (ppb) 

Site Water 0.06 0.46 0.52 .. 
0.19 0.17 0.36 
0.14 0.37 0.51 

Avg. 0.13 0.33 0.46 .. 
Modified Elutriate 6.24 64.10 70.30 

8.85 78.30 87.20 
9.38 54.50 63.90 .. 

Avg. 8.16 65.63 73.80 

• 

-
-

-
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Table 3 

Confined Disposal Facility Emuent Contaminant Levels .. 
~ 

Primary Weir 

~ Sam12lk NQ. 	 ISS! fQl Ql Q1 f!2 
(mg/l) (ppb)-

- 12-2 514025 47 5.2 34.1 0.3 17.1 FWC 
514025 1.3 3.1 0.7 7.4 WFC 

12-3 	 514050 132 8.5 70.7 1.1 37.9 FWC 
514050 2.4 6.4 0.4 8.6 WFC

• 	 12-4 514075 105 6.4 51.7 1.1 26.6 FWC 
514075 2.4 30.2 0.5 17.5 WFC 

• 
12-5 514100 37 8.2 FWC 

514100 2.0 WFC 

.. 
12-10 514125 58 7.2 36.3 0.2 21.8 FWC 

514125 1.8 3.0 1.0 1.5 WFC 
12-11 514150 49 6.6 22.7 0.1 14.2 FWC 

514150 1.9 10.8 1.9 9.0 WFC 
12-12 514175 47 8.7 FWC 

514175 2.4 WFC.. 12-13 514200 136 12.9 84.0 2.0 39.2 FWC 
514200 4.3 12.4 1.1 6.1 WFC 

12-16 514275 51 6.4 25.6 0.3 8.8 FWC 
514275 1.4 7.6 2.0 6.5 WFCtlf--" 
514275 23.7 1.8 21.4 WFC 

12-17 514300 47 12.4 56.4 0.7 20.5 FWC 
514300 1.3 7.0 1.3 12.1 WFC

• 	 12-18 514325 35 27.2 1.6 14.5 WWC 
514325 15.9 59.8 0.8 22.8 FWC 
514325 1.0 25.8 1.2 24.0 WFC 

12-19 	 514350 55 10.8 51.7 0.6 22.8 FWC 
514350 0.6 14.1 0.8 15.7 WFC -

• 
12-20 514375 131 5.3 28.4 0.3 14.8 FWC 

514375 0.8 13.1 0.4 14.1 WFC 
12-21 514400 115 1.2 8.0 0.1 4.6 FWC 

514400 0.2 1.9 0.1 1.7 WFC 
12-22 514425 77 0.9 FWC

• 514425 13.9 0.5 3.3 WWC 
12-28 	 514450 344 0.5 11.1 0.4 7.9 WWC 

514450 0.4 18.6 0.2 11.8 FWC .. 514450 1.5 0.1 1.7 WFC 
12-29 514475 276 1.8 20.4 0.5 8.9 WWC 

514475 2.1 14.3 0.3 8.4 FWC 
514475 0.7 0.3 0.9 WWC• 	 * These values represent the average of the hourly samples analyzed on that day. 

WWC = Whole Water Composite (total) 
FWC = Filtered Water Component (particulate) 
WFC = Water Filter Component (dissolved) 
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Table 4 
Confined Disposal Facility Effluent Contaminant Levels Discharge 	 

~ SamJ2l~ NQ. 	 ISS.! PCB Ql Q1 f1l 
(mg/l) (ppb) -12-9 515125 7.2 41.3 0.2 27.4 FWC 

515125 2.9 5.7 1.5 2.0 WFC 
12-10 515150 61 10.8 32.7 0.2 19.8 FWC 

515150 	 1.5 10.0 5.6 7.5 WFC 
12-11 515175 48 9.0 36.3 0.2 22.9 FWC 

515175 1.7 6.7 1.6 3.3 WFC 
12-12 515100 27 9.2 30.1 0.1 18.3 FWC -515100 1.3 13.9 2.0 6.6 WFC 
12-13 515200 152 19.2 FWC 

515200 1.7 WFC -515225 5.0 FWC 
515225 1.8 WFC 

12-15 515250 13.9 66.1 1.0 32.4 FWC 
515250 1.0 1.7 0.9 1.5 WFC 

12-17 	 515300 64 10.5 72.9 1.2 30.1 FWC 
515300 1.2 10.2 1.0 13.7 WFC 

12-18 	 515325 57 4.9 1.5 7.0 Total • 
515325 13.3 88.0 1.2 33.0 FWC 
515325 1.0 5.5 0.9 19.8 WFC 

12-19 515350 	 59 11.7 62.3 0.6 27.9 FWC 
0.3 5.1 1.0 15.7 WFC 

12-20 515375 128 7.4 32.5 0.3 14.5 FWC 
515375 0.8 17.9 0.8 20.4 WFC 

12-21 515400 84 2.2 12.1 0.1 5.3 FWC 
515400 0.5 3.5 0.3 3.3 WFC 

12-22 	 515425 56 0.6 WFC 
515425 0.2 FWC •
515425 	 8.6 0.2 2.2 WWC 

12-28 	 515450 130 0.3 2.5 0.03 1.9 FWC 
515450 0.2 6.7 0.2 2.3 WWC 
515450 0.9 0.06 1.1 WFC 

12-29 	 515475 97 0.5 2.8 0.07 2.1 FWC 
515475 0.3 6.1 0.3 WWC 
515475 0.06 0.3 WFC

* These values represent the average of the hourly samples analyzed on that day. 

WWC = Whole Water Composite (total) 

FWC = Filtered Water Component (particulate) 

WFC = Water Filter Component (dissolved) 

-

-
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TableS~ 
Confined Disposal Facility - Monitoring Wells 

-.I 

Pre-operational 

II1II 
Well Sam121~ NQ. 	 feR .£l2 

(ppb) 

A 	 518001 0.17 21.7 72.9 8.8 
518007 0.11 19.8 91.1 6.2 
518013 0.07 9.4 51.6 3.3 

• 
B 518002 2.46 337.2 85.9 1.2 

518008 2.32 333.0 67.7 0.9 
518014 3.23 234.5 64.4 0.6 

D 	 518010 0.00 
518016 0.03 0.0 4.9 0.3 

• 
E 518005 0.12 13.2 6.5 0.4 

518011 0.19 23.7 8.5 0.0 
518017 0.41 7.1 3.3 0.1 

F 	 518006 0.00 
518012 0.00 4.3 12.0 0.0 
518018 0.00 

G 518003 0.02 20.6 17.1 1.0

• 518009 0.00 

• 
518015 0.00 

Note: 1) Samples are whole water samples 
2) Values shown for metals are the mean of 3 replicates 

• 

• 
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Table 6 

"-Confined Disposal Facility - Monitoring Wells 

Operational Period* 	 -
Well Sam121k NQ. 	 ~ fb (ppb) (ppm) 

A 	 518082 0.15 
518089 0.00 
5188096 0.06 9.4 21.8 32.7 -

B 	 518083 0.80 
518090 0.02 16.9 3.7 1.9 
518097 0.28 138.3 33.4 6.5 -

C 	 518084 0.02 
518091 1.08 2.6 0.0 0.5 -
518098 0.71 137.1 54.9 19.3 

D 	 518085 0.05 

518092 0.00 
 -
518099 0.01 

E 	 518086 0.33 
518093 0.02 0.0 1.9 0.0 
518100 0.13 '--'al. 

P 	 518087 0.02 
518094 0.00 
518101 0.00 25.1 0.0 0.2 .. 

G 	 518088 0.00 
518095 0.00 1.9 0.0 20.2 
518102 0.00 • 

* Samples taken after disposal of dredged material into the CDP had been completed. 
Event #1 - December 27 & 28, 1988 
Event #2 - January 4, 1989 •
Event #3 - January 9, 10, & 11, 1989 
Note: 1) Samples are whole water samples 

2) Values shown for metals are the mean of 3 replicates • 

-
-
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APPENDIX 3 CONTAINED AQUATIC DISPOSAL 

Contained aquatic disposal (CAD) involves the dredging of the contaminated sediment, placement 
in an excavated subaqueous pit, and capping with clean sediment. It is similar to level bottom cap
ping but with the additional provision of some form of lateral confinement to minimize the spread 
of material (9). The dredged material slurry is discharged through a submerged diffuser to control 
the placement of material and minimize contaminant release during placement. The concept is illus-
trated in Figure 3-1 . .. Physical Dimensions: The CAD cell was created in dredge area 1 while removing clean materi
al to cap the confined disposal facility. It is approximately 180 feet by 140 feet in size. The bottom 
elevation of the excavated cell is generally at -6.0 feet ML W with a 50 foot by 50 foot section at -8.0 

• MLW. 

Dredging and Disposal Operations: All three dredges were used to move contaminated materi

• al from dredge area 2 to t~e CAD cell. The following table summarizes operations: 

DATE 
1-7 
1-8 
1-9 
1-10 
1-11 
1-12 
1-13 
1-14 
1-15 
1-18 

• 	 1-19 
1-20 

* CH - Cutterhead Dredge 

• MB - Matchbox Dredge 
HA - Horizontal Auger Dredge 

Totals:• 	 Days 12 
Hours 35.7 
Material 719 cubic yards 

• 	 Cutterhead Dredge 
Matchbox Dredge 
Horizontal Auger Dredge .. 

DREDGE * 
CH 
CH 
MB 
MB 
MB 
MB 
MB 
HA 
HA 
CH 
CH 
CH 

233 cubic yards 
359 cubic yards 
127 cubic yards 

OPERATING HOURS 
0.67 
4.25 
1.48 
3.70 
4.00 
4.17 
1.30 
0.75 
5.67 
3.50 
3.25 
3.00 

• 

The cutterhead dredge then removed an additional 2600 cubic yards of sediment from dredge area 

2 and placed it in the CAD cell to cap the contaminated sediment. This operation took place over an 
18 day period from 25 Janauary to 11 February 1989 with the dredge operating for a total of 64 
hours. 

Hydrographic surveys of the CAD cell were made on three occasions: 6 January after the cell was 
dredged, 24 January after contaminated sediment was placed in the cell and 22 June 1989 after the 
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Figure 3-1 Contained Aquatic Disposal (CAD) .. 
cell was capped and the material was allowed to settle and consolidate. Figure 3-2 contains typical 
cross sections of the CAD cell which reflect the results of these surveys. 

•Sediment Resuspension: A predictive test for estimating the mass of suspended sediment re
leased from the CAD cell during filling has not been developed. In Report 11 of the EFS a sediment 
release rate of 1 percent of the dredging rate was used in making estimates of contaminant release. 
This percentage was arrived at using column settling test data and other studies of sediment loss dur • 
ing open water disposal of dredged material. Based on the solids content of the dredged material 
slurry measured while pumping into the CDF, the total suspended solids content at the discharge 
point would be 40 grams per liter. • 

An array of ten stations was established around the CAD cell and these stations were sampled 
hourly during the filling operation. Figures 3-4 and 3-5 show the location of these stations and the 
position of the discharge within the CAD cell. Table 1 contains suspended solids data from the vari • 
ous stations on the first four days of CAD filling. Background levels in the cove are generally less 
than 10 mg/l. During CAD filling suspended solids levels were elevated above background and in
creased as the length of the dredging period increased. -

Sampling carried out at monitoring station 7 (NBH7) during the CAD operation also detected ele
vated levels of suspended solids. Station 7 is located at the mouth of the cove, approximately 800 
feet from the point of disposal. The following table shows the average suspended solids level of five 
hourly samples taken on the ebb tide at station 7 while CAD was taking place. 
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Date Average TSS (mg/l) 
7 January 11 -8 January 37 
9 January 29 
10 January 
12 January 

40 
33 • 

14 January 26 
18 January 54 -Average ebb tide suspended solids levels detected during earlier phases of the pilot study averaged 

5.0 mg/l and ranged from 1.7 to 16.0 mg/l. -
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7,8,9 Jan. 89 
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Note: Sections A,B,C & 0 shown on Fig. 3-2 
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® Plume sampling station 7,8,9 Jan. 89 
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Figure 3-3 Plume Sample, Sediment Cores and Diffuser Locations -
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Diffuser Locations 

® 10,11 Jan. 89 

® !2,13,14,15 Jan. 89 

© 18,19,20 Jan. 89 

86 7 ®® ® 

Dredging 
Area #2 

~shoreline 

® Plume sampling stations 10, Jan. 89 

Figure 3-4 Plume Sample and Diffuser Locations 

Contaminate Release: Composite samples representing stations 1-5 and 6-10 were formed by 
combining samples from the five individual stations in each group. These samples were taken at the 
mid-point and end of the day's operations. These samples were analyzed for PCBs, and the results 
are shown in Figure 2. 

PCB levels detected at monitoring stations 2 and 7 during CAD are compared with background 
conditions and other phases of the pilot study in table 3. The PCB levels detected at the Coggeshall 
Street Bridge did not represent a statistically significant increase above background conditions. 

Control Measures: The following types of control measures were applied in an effort to maxi
mize the amount of contaminated material removed while minimizing the resuspension of these ma
terials: 
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• 	 Diffuser: As mentioned earlier, a diffuser was attached to the discharge end of the pipeline 

to reduce the exit velocity of the dredge slurry. It appeared to be effective in reducing sediment resuspension and in controlling the placement of contaminated and cap material. 

It was most effective when situated approximately two feet above the bottom. 


• Silt Curtain: A curtain was not in place during most of the CAD operation. The elevated 
levels of suspended solids detected indicate that a curtain deployed around the disposal 
point may reduce dispersion of suspended solids. -Cap Effectiveness: A hydrographic survey of the CAD cell was made on 22 June 1989, approx

imately four months after the completion of capping operations. The survey showed a change in bot
tom elevations of 1 to 3 feet from the survey made on 24 January, indicating that a cap of this thick
ness had been placed on the contaminated sediment. Six sediment cores were taken from the cell on 
22 June. These cores were divided into 6 inch segments with these samples being analyzed for 
PCBs. The results revealed that the capping effort was unsuccessful, as elevated levels of PCBs 
were found in the surface sediment layers. The locations of the sediment cores are shown in Figure 
3-3 with the results of their analyses appearing in table 4. 

-
Table 1 

Plume Sampling During CAD (TSS mg/I) 

January 7 
Cutterhead Dredge 

Station 	 Sampling Event 

1040-1052 1112-1120 

1 138.8 131.9 

2 	 29.9 100.2 
3 	 19.8 44.9 
4 	 16.4 143.0 
5 	 18.6 96.1 ..
6 	 12.6 
7 	 57.8 15.8 
8 	 11.2 15.9 
9 22.4 38.6 
10 80.3 83.7 

Dredge operating from 1020-1100. -
-


'- 
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January 8 


...,I CuUerhead Dredge 


Station Samplin~ Event-
0745-0755 0845-0855 0945-0955 1045-1055 1138-1148 

1 10.3 9.6 12.8 18.0 81.8- 2 13.6 12.9 30.5 29.8 197.3 
3 25.8 75.8 85.3 263.9 917.6 .. 
 4 16.9 10.5 25.6 61.2 54.7 

5 11.1 7.9 70.3 131.6 16.8 
6 13.0 13.3 42.8 26.8 10.5 
7 15.8 12.6 16.0 58.5 1407.8.. 8 71.9 14.8 25.4 28.4 171.3 
9 79.4 17.0 19.2 49.6 38.6 
10 12.6 7.6 11.5 95.0 
Dredge operating from 0715-1155 

January 9 
Matchbox Dredge 

• Station Samplin~ Event 

0905-0912 1105-1112 1128-1135 

1 18.7 39.0 54.0 
2 25.4 150.2 461.2 
3 163.6 57.6 723.1 
4 21.2 96.5 114.8 
5 19.3 53.7 59.2 
6 18.8 44.6 47.7

• 7 18.0 52.4 63.3 

.. 
8 16.8 49.9 55.9 
9 20.6 46.8 69.8 
10 12.8 13.6 59.5 
Dredge operating for 1.5 hours between 0900 and 1145 

January 10 
Matchbox Dredge 

Station Samplin~ Ev~nt.. 0850-0900 0950-1000 1050-1100 1145-1155 1245-1255 

1 94.1 48.6 83.8 343.6 

• 2 26.8 80.0 84.6 151.8 233.7 
3 30.3 28.7 44.1 125.2 145.2 
4 50.3 13.2 31.4 65.1 75.0 
5 17.6 60.7 34.3 108.2 98.0

• 6 10.5 11.7 14.5 18.0 31.3 
7 15.0 15.8 27.6 38.0 44.8 
8 12.0 28.5 32.8 120.6 110.9 
9 14.0 48.7 48.7 133.9 279.1"" 10 79.2 181.0 73.7 


Dredge operating for 3.8 hours between 0830 and 1230 
'IJ
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,--.Table 2 
Plume Sampling Stations PCB Analysis Contained Aquatic Disposal -

Date S!!m121~ NQ. Time SlaUQn 	 IS£ PCB!1212bl Dr~d&~ 
(mgll) 

1-7 	 516051 1-5 67 2.50WWC CH 
516052 6-10 2.65FWC CH 
516052 6-10 0.50WFC CH 
516053 6-10 39 5.80WWC CH 

1-8 	 516151 1138-1148 1-5 6.23WWC CH 
CH 	 ..516152 1138-1148 6-10 3.24FWC 

516152 1138-1148 6-10 0.03 WFC CH 
516153 1138-1148 6-10 4.66WWC CH -1-9 	 516251 1105-1112 1-5 80 19.1OWWC M 
516252 1128-1135 6-10 4.20FWC M 
516252 1128-1135 6-10 0.04 WFC M 
516253 1128-1135 1-5 59 31.80WWC M -
516254 	 1128-1135 6-10 5.70FWC M 

1-10 516351 1245-1255 1-5 	 179 7.29WWC M • 
516352 1145-1155 6-10 42.5FWC M 
516352 1145-1155 6-10 78 1.53 WFC M 
516353 1245-1255 6-10 117 15.30WWC M 

1-12 	 516552 #3 3.17 FWC M 
516552 #3 0.04 WFC M 

1-13 	 516652 #3 4.60FWC M 
516652 #3 0.17 WFC M 

CH - Cutterhead Dredge • 
M - Match box Dredge 

•Table 3 

Contained Aquatic Disposal 


Monitoring Stations 2 & 7 Ebb Tide PCB Analysis 
 • 
Date Total PCB (ppb) 

SIaliQn 2 SIaUQn 1 
•

7 January 0.61 0.92 
8 January 0.69 3.12 
9 January 1.50 5.42 
10 January 1.04 
11 January 0.86 3.70 
12 January 0.74 1.50 
14 January 0.74 0.87 
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Table 4 
Contained Aquatic Disposal 

Sediment Cores - PCB Levels 

Horizon Total PCB 
(inches) (ppm) 

0-6 81.5 
6-12 27.4 
12-18 1.8 
18-24 0.1 
24-30 0.0 
30-36 0.0 

0-6 0.0 
6-12 1.2 
12-18 56.6 

0-6 1.2 
6-12 2.9 
12-18 4.7 
18-24 0.4 
24-30 0.0 
30-36 0.0 

0-6 0.2 
6-12 0.1 
12-18 0.1 
18-24 0.1 

0-6 95.9 
6-12 61.2 
12-18 19.8 
18-24 0.3 
24-30 0.3 
30-36 0.2 

0-6 25.9 
6-12 17.5 
12-18 0.4 
18-24 0.7 

Note: (1) The sediment cores varied in length from 18-36 inches. All cores had sand in the bot
tom of the tubes indicating that they had penetrated the bottom of the CAD celL The material in 
the cores was not physically analyzed. Visual observation of the cores indicated that all material • above the sand layer was similar, a fine grained dark sediment. 
(2) Locations shown in Figure 3-4 
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Appendix 4 Environmental Monitoring Program 

INTRODUCTION-
The high levels of contaminants in the sediments and the extensive regulatory controls over toxic 

substances greatly restricted the monitoring protocol on this experimental project. The limited 
• 	 availability of field toxicological testing procedures with short turnaround time, ERLN's ongoing ex

tensive efforts in designing standard testing protocols for waste water discharges (15), and the regu
latory directives to insure no increased environmental degradation during this experiment further re
duced the options of environmental effects monitoring protocols. The focus of this monitoring • effort was to present the results in the minimum amount of time to allow for changes in the ongoing 
construction activities. This would insure that'the dredging would continue in a timely fashion 
without further degradation of the harbor. The physical configuration of the harbor, along with the 
numerous discharges into it make the hydrodynamics very complex. It was assumed that several 
structures which restrict the flow to narrow channels control circulation in the harbor. Water leav
ing the upper estuary is restricted to the narrow channel under the Coggeshall Street Bridge and wa
ter leaving the harbor passes through the 50 meters wide channel at the hurricane barrier. Release 
of contaminants pass these points would be unacceptable to those regulating the project. It was also 
assumed that existing contaminant releases would not influence pilot study monitoring results or.. their interpretation . 

... 

This monitoring program was designed by personnel from ERLN, EPA Region 1, and the Corps 
of Engineers, with the following objectives: 

• evaluation of dredging and disposal effectiveness 

• 	 • water quality prediction for full-scale operations; and 

• assessment of: monitoring protocol, operation regulation, and environmental • 	 protection 

The following summarizes the results of the physical, chemical, and toxicological monitoring that 
was conducted during the pre-construction and construction with the primary focus on sampling at 
the Coggeshell Street Bridge. The physical data includes: current velocities, tide heights, tempera
ture (air and water), salinity, and total suspended solid measurements. The chemical data included 
water column levels for: polychlorinated biphenyl (PCBs), cadmium (Cd), copper (Cu), and lead • 	 (Pb). Five (5) toxicological testing protocols were used: Arbacia punctulata (sea urchin) spenn 
cell fertilization, Champia parvula (red alga) number of cystocarps developed, Cyprinodon variega
tus larval (sheepshead minnow) survival and growth, Mysidopsis bahia (mysid) survival and .. 	 growth, and Mytilus edulis (blue mussel) scope for growth (SFG) measurements and increased shell 
length. 

These monitoring protocols were chosen from numerous other chemical and toxicological assay • methods for the following reasons: existing toxicity testing protocol that had been previously devel
oped and evaluated; existing in depth knowledge of tests by ERLN personnel; test organisms pre
viously used in assay work, which were easily maintained and cultured in the laboratory; 

• 	 levels of toxicity known for each test organism; demonstrated screening and sensitivity abilities; re
producible results; acceptability to local regulatory biologists; short turnaround time for .. 
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Figure 4-1 Locations of Harbor Monitoring Stations 
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results; and, with some, procedural flexibilities. All physical and chemical testing protocols were in 'I 
the water column and followed Standard Methods (15). The following paragraph presents a brief 
background on the selected toxicological monitoring procedures. 

A two week C. parvula toxicity test method has been evaluated with arsenite and arsenate (16) 
and 10 different organic compounds (17). These tests indicate that sexual reproduction is generally 
the most sensitive and practical endpoint to use for C. parvula as a test organism. The A. punctula
ta sperm cell toxicity test has been employed in the marine complex effluent testing program at 
ERLN since 1983. Dinnel et.al. (18) has demonstrated that A. punctulata gametes are sensitive to a 
wide range of toxicants including metals and complex effluents from industrial wastewater. The 28 
day life cycle M. bahia test has been used for several metals (19, 20, 21) and pesticides (22). These 
have extensive use and demonstrate that reproduction is a sensitive indicator of sublethal toxic ef
fects on mysids. A 7 day modification of this test was undertaken during this monitoring program. 
Fish mortality from toxic effects often occurs in the frrst 2 weeks post-hatch period (23, 24). Com
plete and partial life cycle toxicity tests have demonstrated that early life stage tests have been rea
sonable predictors of chronically safe environmental concentrations of toxicants and that the em
bryonic and larval fish stages are often the most sensitive life stages (25, 26). Because the C. 
variegatus test uses both larval growth and survival as endpoints, it can reliably predict the chronic 
toxicity. The test used for this monitoring program was an adaptation of the procedure for the Pime
phales promelas test (27). M. edulis SFG and shell growth increases have been used throughout 
the world and are currendy employed in numerous marine pollution trend studies. These M. edulis 
results may be compared and contrasted with other studies. 

The use of toxicological testing to monitor human-induced changes is well documented in the lit
erature (27, 28). Physiological changes in marine toxicological organisms have been used to dem
onstrate effects of pollutants for decades. . There presently exist numerous toxicological testing or
ganisms which have proven to be very accurate indicators of potential environment problems 
associated with contaminant removal. Many of these other organisms and assay methods may be 
more appropriate to assess contaminated sediment dredging and disposal effects. Community indi
ces have also been used, and, in some situations make a better prediction of pollution effects (30). 
Log-normal plots (30a), expected species (31,32), canonical correlation analysis (33), principal 
components analysis, and multi-dimensional scaling, among other methods, have been used for years 
to detect pollutant impacts along gradients at the community level. All these assessment methods 
have their specific uses for the monitoring of pollution effects. Testing protocols other than those 
used during the pilot study may be appropriate for a full scale clean-up effort in New Bedford Har
bor. 

Pre-construction monitoring was undertaken by ERLN during Iuly and September 1987 and May 
and June 1988 to collect existing water quality data and adjust monitoring methods. These same 
personnel using the same protocol undertook monitoring during construction activities. The moni
toring of the pilot study took place from July 1988 to February 1989. A detailed summary of the 
daily monitoring results are presented in appendices 1-3. Only physical, chemical, and toxicologi
cal results of harbor water quality monitoring efforts are presented in this appendix. 

METHODS 

Field: Water samples were collected, using hand-operated pumps, at 4 stations in the harbor (Figure 
4-1). All 4 stations were located within the harbor based on the assumption that physical restrictive 
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water passage points control circulation and release of contaminants pass these points during con
struction activities would be unacceptable. At stations 1, 2,4, and 7 daily ebb and flood tide com
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posite samples (S/day) were collected by pumping 2 liters aliquots each from surface (-.Sm), mid
water depth, and bottom (O.Sm off the sediment) at each of five hourly intervals during both tides. 
Samples were not collected during the hours of slack low and high tides. At station 2, composite 
samples were collected at 2 locations (Figure 4-2). These locations were positioned approximately 
1/3 and 2/3 of the total distance across the bridge span. Current speed data were used to determine 
the volume of sample collected at each sample location that was incorporated into the station 2 hour
ly composite sample. The current meter measurements were made using an electromagnetic meter 
(InterOceans S-4) equipped with temperature and salinity probes. Tide measurements were made 
with a Fisher Porter punched tape level recorder (type 1550). Water samples (1000 ml.) for toxicity 
testing were collected at each spatial location and then composited. Additional water samples were 
collected a station 2 to determine spatial variability using chemical, suspended solids, and sperm cell 
tests. 

Samples taken for chemical analyses at the plume stations and dredge head stations used 1 or 2 li
ter plastic bottles. Both TSS and chemistry water samples were taken at these stations. The plume 
stations were located in the cove in 3 arrays around the dredging activities. All samples were taken 
at mid depth. The dredge head station consisted of 6 suction ports at 3 water depths on both sides of 
the dredge head. The TSS samples were taken by Niskin sampler for determination of TSS settling 
time and by water pump to 250 ml plastic bottles for dredge head TSS samples. The location of the 
plume stations were based on a dye study undertaken during August and September, 1988 to show 
normal sediment movement in the water column. The results of this cursory effort showed a clear 
trend of the dye leaving the cove in a direct line to the Coggeshell Street Bridge. With these results 
the plume stations were located in an array to record elevated levels in metals, PCBs, and TSS com
ing from the dredge. The array of sampling ports on the different dredge heads were located to give 
results of spacial differences in concentrations (water column depth and side movement). 

For M. edulis (mussel) deployments, organisms were collected from a reference population, ap
propriately characterized chemically and deployed at stations 2, 4, and a reference site outside the 
harbor. The water for the other toxicological testing was collected at the same time as the chemistry 
and transported to ERLN where all these toxicity tests were run. 

Laboratory: The daily water samples were used in the 7 day static renewal bioassays on C. variega
tus (fish) and M. bahia (mysid). Individual tests using the daily water samples were performed on 
the remaining species. Water samples collected from sites at West Island (Buzzards Bay) and cen
tral Narragansett Bay were used as reference and control treatments for the toxicity tests. The labor
atory methods (chemical and toxicological testing) are described in Standard Methods (15). 

All receiving water test results were analyzed using one-way analysis of variance (ANOV A) and 
t-test. M. bahia and C.variegatus survival data, M. bahia females with eggs data, and A. punctulata 
data were transformed using arcsine square root. All data are presented as significant toxic effect 
relative to their respective test controls. All monitoring data is presently at ERLN and will be avail
able at NED. ERLN staff is presently in the process of publishing these testing results elsewhere (S. 
Nelson, personal communication). Only a brief summary is presented here. The water chemistry 
and TSS measurements were analyzed using Scheffe unplanned comparison test. 

RESULTS 

Physical measurements: Details of results of the hydrographic measurements discussed in this 
section are available in computer format at ERLN or NED. During the sampling period temperature 
varied between 18 and 24OC. with very minor differences between depths. The salinity ranged from 
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24 to 33 0/00. Mean temperature increased with distance from the harbor mouth, while salinity de
creased. Current speeds varied between 0 and >90 cm/sec. The tidal fluctuation averaged approxi
mately 1.6 m. Although the physical measurements suggest fairly constant patterns, there were sig
nificant differences at several stations due to wind and water circulation. These data indicate the 
complexity of the hydrodynamics of the harbor. Mean total suspended solids (TSS) concentrations 
ranged from a low of 4 to 15 mg/l over the study area. The values at station 2 were from 6 to 11 
mg/l. The trend in these data was that the ebb tide concentrations were lower then the flood tide -concentrations. 

A statistical analysis of the TSS data generated during the dredging activities showed the follow
ing trends. The horizontal auger dredge produced by far the highest levels of turbidity, followed by 
the cutter headdredge and Matchbox dredge. All dredge generated TSS reached background levels 
by the first array of plume stations, even during CAD operations. Releases of TSS from the CDF 
did not seem to affect the monitoring station results. The monitoring stations during these 9 days -
(22,23 November 1988; 2, 3,4 December 1988; 7, 8,9, 10 January 1989) of sampling did not have 
a statistically significant difference between them. The monitoing stations closest to the dredging 
activities tended to have the greatest statistical difference. No statistically significant difference was 
recorded using these testing protocols between horizontal auger dredging days ( 2, 3, 4 December, 
1988). 

The particle size analyse (PSA) over time results are presented in Figure 4-3. These data indicate 
that the settling times of the suspended particles would allow for the TSS levels generated at the 
dredge head to reach background before the fIrst plume sampling stations. This is an important con ..sideration for those pollutants with high sediment binding coefficients. They too should setde out 
within a relatively short distance from the dredge head. These data graphed in Figure 4-3 show that 
samples taken at the dredge head settle much faster and start at a much higher level. This indicates 
that heavier particles are in suspension for shorter periods of time, while lighter and more numerous 
particles are found in the plume stations. This figure also shows a trend towards background within 
24 hours at the dredge area. .. 

Chemical measurements: The pre-operational temporal mean water values for PCB concentra
tions showed a distinct trend of the highest at the inner harbor stations decreasing towards the harbor 
mouth. These values indicated an increase as the tide ebbed to slack low tide and decreased as the ..
flood tide approached slack high tide. Mean water concentrations for the metals (Cd, Pb, Cu) indi
cated no consistent trends for the ebb and flood tide samples. The station 4 (closest to the hurricane 
barrier) consistently had the lowest levels. The results for M. edulis (mussel) PCB tissue residues 
showed levels reaching a 100 fold increases at day 7 and 200 fold increase at day 28. • 

The following discussion summarizes a statistical analysis of the PCB data collected on dredging 
days (22, 23 November, 19882,3,4 December 1988, and 7,8,9, 10 January, 1989) comparing the 
different dredges by stations. These data indicate that there did not exist a significant difference be 
tween all sampling locations for the Matchbox dredge. The samples collected at the dredge head for 
the cutterhead dredge indicated no significant difference at the near field stations, but a significant 
reduction in the far field stations. The samples collected during the horizontal auger operation indi -
cated a significant difference at both the near and far field stations. There were differences recorded 
at the NBH stations. NBH-7 showed no difference between dredges and no dredging, except for the 
Matchbox dredge. The PCB levels were significantly higher for the Matchbox dredge when com parisons were made with no dredging samples and horizontal auger dredging samples. NBH-2 
showed levels recorded during no dredging activities were higher then all three dredges and both the 
Matchbox and cutterhead dredges were significantly higher then the horizontal auger. NBH-l 
showed that the cutterhead dredge levels were significantly higher then the horizontal auger. The 
cutterhead dredgehead samples were significantly higher for harbor stations (NBH-7,-2,-I). The .. 
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horizontal auger dredge head samples were significantly higher for plume stations (6-10 and 11-15) 
and harbor stations (NBH-7,-2,-1). It should be noted that these monitoring days included CAD dis
posal into the cove. These results indicate that CAD disposal did not effect the results of monitor
ing. The stations closest to discharge were close to background levels when compared to dredge 
head samples. 

The CDF discharge was monitored for PCBs and TSS during the dredging operations. The PCBs 
values for filtered water component (particulate) ranged from 0.1 to 19.2 mg/I. with an average of 
6.4 (sd. 5.7). The TSS averaged 80.1 (sd. 63.4), with a maximum value of 577.4 and a minimum 
value of 8.48. These discharges did not effect the determinations made here relative to dredging op
erations. 

Biological measurements: No toxic effects were detected by the A. punctulata (sea urchin) 
sperm cell test, including no significant spatial or temporal variation among individually examined 
samples at station 2. No toxic effects were detected by the C. parvula (red alga) reproduction test, 
except at station NBH-7 on 4 December 1988. The tests for C. variegatus (fish) survival and 
growth (except for 1-7 December 1988 and 7-14 January 1989) and M. bahia (mysid) reproduction 
and growth tests showed no toxicological effects. During the pre-operational monitoring period 
there was determined a significant difference among stations in shell growth after 28 days of expo
sure and were inversely correlated with PCB tissue concentrations in M. edulis. Scope for growth 
(SFG) and shell growth were highest and PCB levels highest at station 2. SFG and shell growth 
were highest and PCB levels lowest at the hurricane barrier and control site. There were no signifi
cant mortalities among stations during this exposure period. During the operational phases, no tox
icity was recorded using these testing protocols which related to the dredging or disposal activities. 

Table 1 

Summary of Biological Testing Data During Construction And Monitoring Activities 

Test Dates Results 

C.parvula 4 Dec.88 sign. effect at NBH-7 
A. punctulata 
M. bahia 

ns. effect at any station 
ns. effect at any station 

C. variegatus 1-7 Dec.88 sign. effect at NBH-2 & 1 growth 
7-14Jan.89 sign. effect at NBH-7 & 4 growth 

M. edulis ns. effect at any station 

Note: These data reflect only those dates when total dredging activities were being monitored. 
These are statistically significant differences. 

The three instances of statistically significant toxicological effects based on these tests may not 
necessarily reflect the dredging activities. The effect seen on 4 December, 1988 may have been the 
result of stonn run-off through the Coggeshell Street combined sewage outfall (at that time NBH-7 
was directly opposite it). The effect seen for C. variegatus on both occassions may have been relat
ed to other events occurring in the harbor. The fact that station NBH-l also showed significant ef
fects indicated that an event may have taken place up-stream of the dredging activities. The fact 
that station NBH-4 showed significant effects indicates that storm run-off may have been a factor. 
DISCUSSION 
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DISCUSSION 

Physical: The average tide range during these dredging activities was 1.42 m. with an extreme low 
of 0.43 m. and high of 1.54 m. The currents at the Coggeshell Street Bridge averaged 0.34 m/sec. 
These water depths varied during the study due to weather conditions and location within the upper 
estuary. On several days dredging start time was delayed or dredging was terminated early due to 
lack of water in the cove. The physical measurements taken during this study re-enforce the earlier • 
opinions about the complexity of the hydrodynamics of this harbor. 

Chemical: The chemical monitoring results indicate that samples collected at the dredge head for • 
the cutterhead dredge were not significantly different from those collected at the near field stations. 
However, these samples were significantly higher than those collected at the far field stations. The 
samples collected during the horizontal auger operation were significantly higher than both the near 
and far field stations. There were differences recorded among the NBH stations. NBH-7 showed 
no difference between dredging and no dredging, except during matchbox dredge operations. The 
PCB levels were significantly higher during matchbox dredge operations when comparisons were 
made with no dredging and horizontal auger dredge operations. NBH-2 showed that levels recorded 
during no dredging were higher than during operation of all three dredges. Both the matchbox and 
cutterhead dredges showed significantly higher levels than the horizontal auger dredge. NBH-l 
showed that the cutterhead dredge operations produced PCB levels that were significantly higher than during horizontal auger dredge operations. 

Toxicological: The toxicological monitoring results within their limitations appeared adequate to •predict and protect existing environmental conditions at the harbor during this pilot study. During 
future dredging and disposal operations considerations should be given to testing of specific species, 
with different feeding types, toxicological requirements, and habitat types. This approach may al
low for a more sensitive analysis of ecological changes taking place. 

These data generated during the pilot study indicate that contamination levels in the vicinity of the 
stations sampled was sufficient to produce only sporadic low-level toxicity. No toxicologically sig •
nificant increase in water toxicity, with the species tested, could be directly attributed to these con
struction activities. Future analyses of all data generated should support these finding. This moni
toring program was very useful in adjusting the day to day operational activities, which in turn •produced low level exposure potential. 


Summary: The monitoring protocol used during this pilot study did not detect an environmentally 

significant effect that could be attributed to the dredging and disposal operations. These results indi • 

cate that any significant environmental impacts from future dredging and disposal in the uppper estu

ary can be controlled to insure only minor releases of contaminants into the lower harbor. 


• 

-
-

... 
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Table 2 

Summary PCB Water Quality Monitoring Results 
Harbor Stations 

-
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 

A B A B A B A B A B-Station 1 
ebb tide 1.7 0.4-3.8 1.5 0.6-3.2 1.4 0.8-2.0 1.1 0.4-1.2 1.5 1.0-2.4 
flood tide 1.2 0.8-2.0 1.1 0.6-2.4-Station 2 
ebb tide 0.6 0.4-0.8 0.9 0.4-1.5 0.7 0.4-0.9 0.5 0.3-1.0 0.9 0.6-1.5 

• flood tide 0.5 0.3-0.7 0.4 0.2-0.7 	 0.2 0.2-0.3 0.8 0.6-0.8 

Station 4 
ebb tide 0.12 0.05-0.22 0.11 0.05-0.20 0.11 0.10-0.12 0.12 0.06-0.23 0.15 0.09-0.22 

II flood tide 0.10 0.05-0.13 0.08 0.07-0.09 .0.10 0.02-0.21 0.16 0.12-0.19 

Station 7 

• ebb tide 	 0.9 0.87-0.94 0.8 0.3-1.9 2.6 0.9-5.4 

Notes: 	 values shown are total PCBs in ppb 
phases 1-5 are: pre-operational, dike construction, pre-dredging, dredging, and CAD 

• averages shown in column A, ranges in column B 

......,;II 

• 

• 
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Appendix 5 Dredging Sites 

Pilot study dredging and contained aquatic disposal (CAD) operations were carried out in a cove 
located approximately 1500 feet north of the Coggeshall Street Bridge on the New Bedford side of 
the harbor. Two separate dredging areas were located within the cove. Dredging area 1 was 250 by 
250 feet and dredging area 2 was 180 by 180 feet. This appendix provides a detailed description of 
the physical characteristics of the cove along with the physical and chemical description of the sedi
ment within the dredging area. 

Water Depth: Water depths in the cove are generally less than 1.5 feet at Mean Low Water 
(ML W). Figure 5-1 shows the dredging areas with the water depths indicated. 

Tides: The predicted tide range for New Bedford is 3.7 feet with the spring range being 4.6 feet. 
During the pilot study a tide gage was installed opposite the cove on the east side of the upper estu
ary. Water levels during pilot study dredging operations (November 18 - February 11) ranged from a 
low of -2.2 at MLW to a high of +5.10 feet at MLW. 

Currents: Current velocities within the cove were measured both prior to and during pilot study op
erations. These measurements were made using a Mead Velocity Probe (Model HP 302). They were 
taken at mid-depth in the central portion of the cove at various stages of the ebb tide. Velocities were 
consistently between 0.1 and 0.3 feet per second. On two occasions during the fall of 1988 efforts 
were made to determine the route resuspended material would follow when leaving the cove on the 
ebb tide. The majority of current velocities were measured during this period. Dye (Rhotomine W rr) 
was pumped into dredging area 1 at a constant rate for one hour at the start of the ebb tide. A grid of 
stations located within the cove and downstream of dredging area 1 were sampled hourly during the 
ebb tide. The results of these efforts indicated that resuspended material would leave the cove slowly 
in a narrow band that followed a straight line path to the Coggeshall Street Bridge. 

Salinity: Measurements taken within the cove in September 1988 by the New England Division av
eraged 30.7 ppt. This level agrees with other measurements made in the upper estuary by both the 
Waterways Experiment Station (WES) and EPA's Narragansett Laboratory. 

Suspended Material: Measurements taken within the cove in September 1988 by the New Eng
land Division averaged 4.2 mg/l with a range between 2 and 9 mgll. WES reported suspended mate
rial levels in the upper estuary to be generally less than 10 mg/1 (11) and EPA Narragansett reported 
levels between 5.6 and 8.6 mg/l during pre-operational monitoring at station 1 which is approximate
ly 1000 feet north of the cove . 

Sediment 

Physical Characteristics: Six sediment cores were taken from each dredging area prior to the start 
of dredging. These sediment cores were divided into samples representing the 0-24, 24-48 and 48-72 
inch horizons. Grain size distribution, water content, specific gravity and plasticity of sediment from 
dredging area 1 and dredging area 2 are shown in tables 1 and 2 respectively. The sample locations 
are shown in Figure 5-2. The material in the dredging areas is an organic silt with a sand content of 
less than 30% in the 0-24 inch horizon increasing to 60% in the 48-72 inch horizon of area 1. The 
average characteristics for each dredging area are shown below. The range of grain sizes for the 0-24 
inch horizon for each dredging area are shown in Figures 5-3 and 5-4. The ranges incorporate curves 
from 6 samples . 
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Dredging Area 1 

HQrizon§ % Fin~§ 

0-24 inch 73.7 
24-48 inch 53.6 
48-72 inch 40.5 

Dredging Area 2 

0-24 inch 77.8 
24-48 inch 78.8 

1) Based on 5 samples 
2} Based on 3 samples 

Water 
CQnl~nt(%l 

Specific 
~ravil3l 

Liquid 
Limil 

135.5 
74.2 
46.5 

2.49 
2.56 
2.60 

116.7 
72.8(1) 
70.7(2) 

158.7 
117.4 

2.46 
2.55 

122.8 
106.7 

• 

"'-' . 

-
Plasticity 
~ 	 • 
54.5 
31.2(1 ) 
30.0(2) -

-45.8 
51.7 -

-

PCBs; Six sediment cores were taken from each dredging area in the fall of 1987. The top three 
feet of these cores were divided into samples representing six inch increments and two additional • 
samples were formed to represent the 36-48 and 48-72 inch horizons. These samples were then ana
lyzed for PCBs at EPA's Environmental Research Laboratory in Narragansett, Rhode Island. The re
sults of this effort are shown in table 3 with the sample locations shown in Figure 5-2. PCBs were 
generally restricted to the top two feet of sediment with the highest levels being detected in the top 
six inches. PCB levels in the 0-6 inch horizons averaged 226 ppm in area 1 and 385 ppm in area 2. 

Metals; The samples discussed above were not analyzed for metals. In 1985 the New England Di
vision (NED) carried out extensive sampling within the upper estuary and a sample core taken dur
ing that period fell within dredging area 1. This sample was analyzed by NED and the results are 
shown in table 4. 

Six surface grab samples were also taken from each dredging area in the spring of 1988. The six 
samples from each area were composited into one sample and used for the elutriate tests discussed in •the next section of this appendix. Prior to performing the e1utriate test these samples were analyzed 
for PCBs and metals by NED. These results are shown in table 4. 

Elutriate Tests; Elutriate tests are used in making contaminant release estimates for both dredging -
and disposal operations. The modified elutriate test is used in predicting contaminant loads in the ef

fluent being discharged from a confined disposal facility and the standard elutriate is used in predict

ing releases at the point of dredging and from contained aquatic disposal operations. Both modified 

and standard tests were performed by NED using the composite surface samples from dredging areas 
1 and 2. The results are shown in tables 5 and 6 respectively. 
 -

-
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Table 1 -'1-' 

Physical Characteristics of Sediment 
IIoioI Dredge Area 1 

Horizon 0-24" 
Water Specific Liquid Plastic Plasticity 

SgmQI~ °tqFin~~ CQnt~nt Gravity Limit Limit InQ~x -
A 77.4 161.9 2.46 134 70 54 
B 50.7 90.5 2.55 72 37 35

• C 82.7 146.0 2.53 131 76 55 

• 
0 79.9 136.3 2.45 126 67 59 
E 78.3 146.6 2.47 119 76 43 
F 73.1 131.9 2.49 128 47 61 

• Horizon 24-48" 
A 83.4 111.3 2.45 99 57 42 
B 12.9 26.3 2.63 NP NP NP.. C 52.8 71.1 2.57 60 39 21 
0 49.3 69.9 2.59 54 35 19 
E 78.8 106.5 2.54 100 50 50 
F 44.2 60.1 2.60 51 27 24• 

..,,/
I" Horizon 48-72" 

A 57.2 99.7 2.50 92 58 34 
B 37.2 13.1 2.65 NP NP NP 
C 17.4 21.7 2.65 NP NP NP 
0 13.4 18.8 2.65 NP NP NP 
E 73.6 104.1 2.50 100 51 49 
F 44.0 21.8 2.65 20 13 7• 
NP - nonplastic (visual) .. 

.. 

.. 

.. 
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",-"ItTable 2 

Physical Characteristics of Sediment -Dredge Area 2 

Horizon 0-24" •
Water Specific Liquid Plastic Plasticity 

Samgl~ °LoFin~~ CQnt~nl Gravity Limil Limil ~ 
A 80.2 161.7 2.47 119 76 43 
B 76.0 148.5 2.46 115 72 43 -
C 79.8 150.4 2.48 114 76 38 
0 78.8 175.0 2.44 148 96 52 
E 78.5 173.0 2.41 132 74 58 -F 73.3 143.3 2.48 109 68 41 

-
Horizon 24-48" 

A 78.3 108.9 2.53 99 45 54 
B 77.9 121.4 2.57 101 54 47 -
C 80.3 109.7 2.55 105 55 50 
0 81.9 143.0 2.53 134 72 62 
E 80.3 118.9 2.57 112 52 60 •
F 73.9 102.6 2.56 89 52 37 

........... 


Table 3 
PCB Levels (ppm) • 
Dredging Area 1 •Sample Depth (inches) 

Samgle Q:.2: 6-12" 12-18" 1 a-24" 24-;3Q" ;3Q-;36 
A 260 16.2 9.2 2.7 0.4 0.3 •B 227 17.2 4.9 3.9 0.5 0.3 
C 245 7.6 4.1 7.3 0.6 0.2 
0 226 10.1 9.1 2.3 1.4 0.2 
E 149 11.2 8.2 2.1 0.2 0.1 -F 249 8.9 10.0 4.7 1.9 0.7 

-
Dredging Area 2 

A 585 29.0 3.8 0.5 0.10 NO 
B 327 11.2 9.7 1.4 0.10 0.02 -
C 329 12.5 2.9 2.3 0.10 0.01 
D 313 43.1 4.2 0.7 0.30 NO ..E 302 92.1 1.9 0.2 0.05 0.01 
F 453 14.5 5.3 1.1 0.40 0.04 

'
~ 
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Oil & Grease 
Arsenic- Cadmium 
Chromium 

• Copper 
Lead 
Mercury 
Nickel.. Zinc 

.. 
Cadmium 
Chromium 
Copper 
Lead 
Nickel 
Zinc 

• 

.. 
• 

.-

Table 4 

Metals Data (ppm) 


Sample M (Figure 5-2) 


Composite 
Surface 

Dredging Area 1 
20 

473 
1246 

511 
78 

1583 
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Depth (Inches) 
12-24" 
329.0 

1.8 
7.0 

115.0 
748.0 
539.0 

<0.1 
44.0 

1760.0 

24-30" 
50.0 

1.4 
<2.0 
<7.0 
<6.0 

<20.0 
<0.1 

<24.0 
12.0 

Q:.1.2: 
10,100.0 

2.4 
16.0 

325.0 
897.0 
434.0 

1.1 
57.0 

1,120.0 

Dredging Area 2 
30 

591 
1547 
532 
103 

2069 
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Table 5 
Modified Elutriate Test Results 

Dredging Area 1 • 

Site Water 
Cd Cr Cu Ni Pb Zn Total -

PCB 
Samgle (mgll} (mgll} (mgm (mgll} (mgll} (mgtl} !Im.Ql 3514 F#1 -0.016 -0.080 -0.040 -0.080 -0.020 0.040 0.06 
3515 F#2 -0.016 -0.080 -0.040 -0.080 -0.020 0.020 0.19 
3516 F#3 -0.008 -0.040 -0.020 -0.040 -0.010 0.021 0.14 
3517 U#1 -0.008 -0.040 -0.020 -0.040 -0.010 0.028 0.52 -3518 U#2 -0.008 -0.040 -0.020 -0.040 -0.010 0.026 0.36 
3519 U#3 -0.008 -0.040 -0.020 -0.040 -0.012 0.040 0.51 -

Elutriate 
Cd Cr Cu Ni Pb Zn Total -

PCB 
Samgle (mgll} (mgll} (mgll} (mgll} (mgll} (mgll} UmQl
3532 F#1 -0.008 -0.040 -0.020 -0.040 -0.010 0.094 6.24 •
3533 F#2 -0.008 -0.040 -0.020 -0.040 -0.010 0.085 8.85 
3534 F#3 -0.008 -0.040 -0.020 -0.040 -0.010 0.068 9.38 
3535 U#1 -0.016 0.096 0.336 -0.080 0.160 0.464 70.30 ~I. 
3536 U#2 -0.016 0.256 0.760 -0.080 0.478 1.020 87.20 
3537 U#3 -0.008 0.120 0.352 -0.040 0.252 0.460 63.90 

• 
Suspended Solids Data (mgtl) 

Samgle PCB~ M~lgl~ •3535 129 263 
3536 167 320 
3537 276 • 

Bulk Chemical Analysis (ppm) -
Qd Qr Q..u. Ni .EQ Zn Total PCB 
20 473 1246 78 511 1583 97.5 -

Note: -
1. 	 Negative values are detection limits. 
2. 	 Three replicates analyzed. 
3. 	 F =Filtered (dissolved) .. 

U =Unfiltered (total, dissolved and suspended) 
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Table 6 .. Modified Elutriate Test Results 
Dredging Area 2 

Site Water 
Cd Cr Cu Ni Pb Zn Total PCB 

Sample (mg/I) (mg/l) (mg/I) (mgll) (mg/I) (mg/I) llmQl
3520 F#1 -0.008 -0.040 -0.020 -0.040 -0.010 0.030 0.35 
3521 F#2 -0.008 -0.040 -0.020 -0.040 -0.010 0.031 0.20 
3522 F#3 -0.008 -0.040 -0.020 -0.040 -0.010 0.024 0.26 
3523 U#1 -0.008 -0.040 -0.020 -0.040 -0.010 0.038 0.57 
3524 U#2 -0.008 -0.040 -0.020 -0.040 -0.010 0.040 1.08 
3525 U#3 -0.008 -0.040 -0.020 -0.040 -0.010 0.040 0.83 

Elutriate 
Cd Cr Cu Ni Pb Zn Total 

PCB 
Sample (mg/I) (mg/I) (mgll) (mgll) (mg/I) (mg/I) !mml 
3544 F#1 -0.008 -0.040 -0.030 -0.040 -0.015 0.106 6.77 
3545 F#2 -0.008 -0.040 -0.020 -0.040 -0.010 0.044 9.44 
3546 F#3 -0.008 -0.040 -0.020 -0.040 -0.010 0.073 9.66 
3547 U#1 -0.008 0.118 0.383 -0.040 0.196 0.493 112.00.'1iIIIIIIo'1 
3548 U#2 -0.008 0.132 0.396 -0.040 0.193 0.470 88.90 
3549 U#3 -0.008 0.230 0.618 -0.040 0.295 0.794 94.60 

Suspended Solids Data (mg/I) 

Sample PCBs Metals 

3547 196 173 

3548 151 207 

3549 221 219 


Bulk Chemical Analysis (ppm) 
Cd Qr .Qy Ni EQ Zn Total PCB 
30 591 1547 103 532 2069 119 

Note: 
1. 	 Negative values are detection limits. 
2. Three replicates analyzed. 
3. 	 F= Filtered (dissolved) 


U =Unfiltered (total, dissolved and suspended) 

... 
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Table 7 '"-' 
Standard Elutriate Test Results -

Dredging Area 1 
Elutriate -Cd Cr Cu Ni Pb Zn Total 

PCB 
SamQle (mgtl) (mgLl) (mgtl) (rngLI) (rngLI) (mgLI) ~ 
3526 F#1 -0.008 -0.040 -0.026 -0.040 -0.010 0.012 8.0 
3527 F#2 -0.008 -0.040 -0.020 -0.040 -0.010 0.014 10.1 
3528 F#3 -0.008 -0.040 -0.024 -0.040 -0.010 0.024 10.1 
3529 U#1 -0.008 0.076 0.184 -0.040 0.104 0.208 100.0 -3530 U#2 -0.008 0.074 0.208 -0.040 0.121 0.258 100.0 
3531 U#3 -0.008 0.066 0.178 -0.040 0.108 0.218 92.8 -

Dredging Area 2 
Elutriate -

Cd Cr Cu Ni Pb Zn Total 
PCB 

SamQle (mgLI) (mgLI) (mgLl) (mgLI) (mgLIl (mgLI) ~ •3538 F#1 -0.008 -0.040 -0.026 -0.040 -0.010 0.036 3.4 
3539 F#2 -0.008 -0.040 -0.023 -0.040 -0.010 0.014 6.2 
3540 F#3 -0.008 -0.040 -0.024 -0.040 -0.010 0.012 4.6 '--..
3541 U#1 -0.008 0.208 0.466 -0.040 0.237 0.526 34.1 
3542 U#2 -0.008 0.158 0.346 -0.040 0.161 0.358 67.0 
3543 U#3 -0.008 0.140 0.320 -0.040 0.151 0.342 40.1 

.. 
Note: 
1. 	 Negative values are detection limits. 
2. 	 Three replicates analyzed. 
3. 	 Refer to tables 5 and 6 for bulk chemical analysis and site water analysis. • 
4. 	 F =Filtered (dissolved) 

U =Unfiltered (total, dissolved and suspended) -
-
-

... 
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APPENDIX 6 GEOTECHNICAL STUDIES 
.. 


INTRODUCfION 

-
- Project Description: New Bedford Harbor, as shown in Figure 6-1, is a tidal estuary at the south 

end of the Acushnet River which separates New Bedford to the west from Fairhaven to the east. 
Studies of the harbor sediments and water column which have been performed since 1974 indicate 
the harbor is contaminated with elevated levels of polychlorinated biphenyls (PCBs), copper, chro
mium, lead, and zinc. The Environmental Protection Agency (EPA) published a Feasibility Study 
for the Upper Acushnet Estuary (north of the Coggeshall Street Bridge) in 1984 which recommended .. 	 five alternatives to reduce the elevated levels of the contaminants (12). The Corps of Engineers was 
contracted by EPA to perform additional pre-design studies on the recommended alternatives due to 
the large number of unresolved questions. A pilot study to evaluate dredge equipment and dredged 
material disposal options was executed as pan of the pre-design studies. Features of the Pilot Study 

• 
• which required significant geotechnical input were design and construction of a Confined Disposal 

Facility (CDF) on soft ground, evaluation of the side slopes for two Contained Aquatic Disposal 
(CAD) areas, physical characterization of the dredge materials, and installation of geotechnical mon
itoring equipment for the CDF. A sketch of the Pilot Study site plan is shown in Figure 6-2. 

General: Subsurface investigations and geotechnical studies were performed to aid in the plan.. 	 ning, design, construction, monitoring, and evaluation of the pilot study. The subsurface investiga
tions included research of available information, geological studies, subsurface explorations, and 
laboratory testing. The subsurface investigations were performed to determine the distribution, de
scription, and properties of the foundation materials for the CDF and the nature of potential dredged 
materials. Geotechnical engineering studies, based on the data collected from the subsurface investi
gations, were conducted to develop safe and economical dike designs, dredge cut side slopes, and a 
subsurface monitoring plan. • 

Elevations: All elevations in this appendix are referenced to mean low water (ML W). The mean 
low tide elevation is 0 feet MLW and the mean high tide elevation is 3.7 feet MLW at the project 

• site. 

GEOGRAPHY, GEOLOGY AND SEISMICITY • 

.. 
 Geography: New Bedford Harbor is the tidal estuary of the Acushnet River which originates in 

north Acushnet, Massachusetts and flows generally south approximately four miles to the north edge 
of the estuary at the Wood Street Bridge. The tidal estuary consists of the upper harbor (Wood 
Street Bridge to the Coggeshall Street Bridge), the inner harbor (Coggeshall Street Bridge to the 
New Bedford Hurricane Barrier), and the outer harbor (south of the New Bedford Hurricane Barri• 
er). 

The pilot study was conducted in and adjacent to a small cove situated on the west side of the• 	 upper harbor. The cove is located approximately 2000 feet north of the Coggeshall Street Bridge. 
Water depths in the cove vary from 0 to 10 feet but were typically 0 to 4 feet where work was per
formed. The land adjacent to the cove is primarily used by industry. The land is of low relief and 
marshes exist in the lower areas that are immediately adjacent to the cove. 
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Geology: The project site lies on a large flat seaboard lowland which is partially submerged. 
Bedrock at the site is granitic gneiss and lies more than 35 feet below the surface. The bedrock is 
overlain by sands and fill (on shore only) or organic clay (offshore only). The sands are typically 
fine to medium with up to 50 percent silt content and up to 30 percent gravel content. They are allu
vial materials that originally were glacial sediments. The organic clay lies above the sand and con
tains as much as 30 percent fine to medium sand. The fill consists mainly of granular materials -
mixed with debris. 

Seismicity: The project site lies in seismic zone 2 according to the seismic zone map of the Unit • 
ed States (17). The foundation materials at the site were not judged to be susceptible to liquefaction 
or excessive deformation in the event of a significant earthquake. -
SUBSURFACE EXPLORATIONS -

Presentation of Data: Six subsurface exploration and five laboratory test programs provided in
formation for the planning, design, construction, and monitoring of the pilot study. The portions of -
the programs pertinent to the pilot study are described below. Locations of the subsurface explora
tions performed and the monitoring devices installed are shown in Figures 6-3 to 6-5. Exploration 
logs are presented in Appendix 6-A. Laboratory test results are presented in Appendix 6-B. 

Subsurface Explorations: The New England Division's (NED's) Materials and Water Quality 
Laboratory supervised and performed the first subsurface program from July 1985 to October 1985 
(3). The purpose of the program was to characterize the physical and chemical properties of the sed
iments in the upper harbor. Twenty-nine push core samples were taken at 26 locations in the pilot 
study area as part of the program. Each sample was taken by pushing and then driving a three inch 
diameter polyvinyl chloride (PVC) pipe to refusal from a barge. The samples varied from 4 to 84 • 
inches in length. The average sample length was 50 inches. NED Water Quality Laboratory person

nellogged the explorations. Only the locations of the push tube samples which were opened and 

tested in the pilot study area are shown in Figures 6-3 and 6-4. .. 


Woodward-Clyde Consultants (WWC) undertook a more extensive upper harbor exploration pro
gram from October 1986 to November 1986 (26). Goldberg-Zoino Drilling was subcontracted by 
WWC to perform the explorations. The purposes of the program were to characterize the physical 
and chemical properties of the sediments in the upper harbor to a greater depth (Phase I work) and 
provide preliminary design input for the dike construction and dredging to be accomplished during 
the pilot study (Phase II work). Phase I work performed in the pilot study area included: 2 water -borings (19 and 31.5 feet deep), 1 land boring (22 feet deep), 2 water probes (30 feet deep each) and 
1 land probe (19 feet deep). Phase II work performed in the pilot study area included: 4 water bor
ings (16 to 32 feet deep), 2 land borings (32 feet deep each), 13 push core samples (60 inches in 
length) and 13 Van Veen samples. Splitspoon samples and standard penetration tests were generally 
taken at five foot intervals in the boreholes and also were taken immediately beneath six of the push 
core samples. WWC engineers and geologists observed and logged the explorations. -

The NED Materials and Water Quality Laboratory supervised and executed a second subsurface 
exploration program during the spring of 1987. Twelve push core samples were taken in the pro
posed dredging areas for the pilot study. Samplers were pushed a minimum of 72 inches in proposed 
dredging area #1 and a minimum of 48 inches in proposed dredging area #2. The purpose of the pro
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gram was to. better characterize the materials in the pro.po.sed dredging areas. NED Water Quality 
Lab perso.nnello.gged the explo.ratio.ns. 

.. 


... Geo.technical Engineers Inc. (GEl) executed the final design explo.ratio.ns fo.r the Co.nfined Dispo.

sal Facility in September 1987 (8). Guild Drilling was engaged by GEl to. execute the explo.ratio.ns. 

The purpo.se o.f the program was to. better define the subsurface profile and material properties alo.ng 

the CDF alinement. The explo.ratio.n pro.gram included: 6 land borings (4 to. 40 feet deep), 11 water 

bo.rings (8 to. 32 feet deep), and 13 test pits (4 to. 8 feet deep). Standard penetratio.n tests and split
spo.o.n samples were taken at five foot intervals in the land borings and belo.w the o.rganic so.ils in the 
water borings. Field vane shear tests were perfo.rmed at 1.8 foot intervals thro.ugh the o.rganic so.ils.. in the water bo.rings except in the fo.ur boreho.les where undisturbed samples were taken belo.w fo.ur 
feet o.f depth. All explo.ratio.ns were o.bserved full time by a GEl field representative. 

• 

.. NED supervised an explo.ratio.n program in September 1988, during co.nstructio.n o.f the co.nfined 
dispo.sal facility. The drilling o.f six borings was perfo.rmed by Environmental Drilling, Inc. The 
purpo.se o.f the wo.rk was to. gain additio.nal info.rmatio.n about the strength o.f the o.rganic silty clay 
beneath and belo.w the propo.sed dike. Thirty-nine hand turned vane shear tests were executed in the 
o.rganic silty clay. Standard drill and wash techniques were used to. advance the boreho.les through 
the stage I dike embankment befo.re perfo.rming the vane shear tests in fo.ur o.f the borings. The bo.re
ho.les were o.bserved and lo.gged by USACE perso.nnel. .. 

The final explo.ratio.n program was perfo.rmed in August 1988 and No.vember 1988 as part o.f the 
co.nstructio.n co.ntract fo.r the co.nfined dispo.sal facility. Go.ldberg-Zoino. Drilling was subco.ntracted 
by R. Zo.ppo. Co.mpany to. advance the boreho.les fo.r geo.technical and gro.undwater mo.nito.ring devic
es. The wo.rk included installatio.n o.f: 2 inclino.meters, 5 piezo.meters, and 7 mo.nito.ring wells. The 
devices were used as indicato.rs o.f dike perfo.rmance and mo.vement o.f gro.undwater and co.ntami
nants thro.ugh the dike. The boreho.les were lo.gged by the driller and R. Zo.ppo. Co.mpany perso.nnel. 

Laboratory Soil Testing: The NED Materials and Water Quality Laborato.ry executed labo.rato.
ry tests o.n the upper harbo.r subsurface materials fro.m Octo.ber 1985 to. December 1985 (3). The ma

.. 


.. terials tested were o.btained from their July 1985 to. Octo.ber 1985 explo.ratio.n pro.gram. Fo.ur sam

ples were tested fro.m the 29 push co.re explo.ratio.ns perfo.rmed in ~e pilo.t study area. Co.mbined 

Analysis (mechanical and hydro.meter), Water Co.ntent, Percent Vo.latiles, Atterberg Limit, and Spe

cific Gravity tests were run o.n each o.f the fo.ur samples. The procedures in "Laborato.ry So.il Test

ing" (20) were generally fo.llo.wed except fo.r Percent Vo.latiles tests which were executed with a 

mo.dified versio.n o.f Method 209D from the "Standard Methods fo.r the Examinatio.n o.f Water and 

Wastewater" (1) . 


WWC co.o.rdinated labo.rato.ry testing o.n samples taken during their Octo.ber 1986 to. No.vember 
1986 explo.ratio.n program (26). Tests o.n co.ntaminated samples were perfo.rmed by Earth Techno.lo.

.. 

.. gy Co.rpo.ratio.n and tests o.n unco.ntaminated samples were perfo.rmed by WWC in No.vember 1986 
and December 1986. Phase I testing in the pilo.t study area included: 10 Mo.isture Co.ntent determi
natio.ns, 1 Atterberg Limit test, 3 Specific Gravity determinatio.ns, 8 Mechanical Analyses, and 5 
Co.mbined Analyses. Phase II testing included: 34 Mo.isture Co.ntent determinatio.ns, 12 Atterberg 
Limit tests, 25 Specific Gravity determinatio.ns, 26 Mechanical Analyses, and 25 Co.mbined Analy
ses. All tests were generally perfo.rmed in acco.rdance with American So.ciety fo.r Testing and Mate
rials (ASTM) procedures (2) . .. 

The NED Materials and Water Quality Lab perfo.rmed 38 Co.mbined Analyses o.n the push co.re 
samples taken in the study area during the Octo.ber 1986 to. No.vember 1986 WWC explo.ratio.n pro
gram. The testing was executed in August 1987 and September 1987, generally fo.llo.wing the proce
dures in "Labo.rato.ry So.il Testing (20). 
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Law Environmental, Inc. executed laboratory tests on samples taken during the spring 1987 NED 

- Water Quality Laboratory exploration program. The testing was accomplished during November 
1987. It included: 30 Moisture Content determinations, 30 Specific Gravity determinations, 26 At
terberg Limit tests, and 30 Combined Analyses. The tests were generally performed in accordance 
with ASTM procedures (2). 

-
- The final laboratory testing program was performed by GEl during October 1987 and November 

1987 (8). The material tested was sampled during GEl's September 1987 exploration program. 
Testing of samples in the pilot study area included: 2 Combined Analyses, 2 Mechanical Analyses, 8 
Moisture Content determinations, 6 Atterberg Limit tests, 3 Specific Gravity determinations, 2 Con
solidation tests, 4 Unconsolidated Undrained Triaxial tests, and 2 Consolidated Undrained Triaxial 
tests. The triaxial tests were performed in accordance with the procedures outlined in "Laboratory 

• 	 Soil Testing" (20). All other tests were generally performed in accordance with ASTM procedures 
(2). 

SUBSURFACE CONDITIONS 

• 
The nature of subsurface conditions was studied using geologic maps, observations from site vis

• its, exploration logs, and laboratory test results. Typical profiles which were developed from the 
land and water explorations are shown in Figure 6-6. The typical soil profile on land is fill underlain 
by sand and bedrock, except for boring PD-20 where organic clay was observed between the fill and 
the sand. Organic clay underlain by sand and bedrock is the typical soil profile offshore, except for 
boring BW-9 where no organic clay was observed. 

• Soil Stratum Descriptions: Three major soil types were encountered in the explorations. They 
are described below. 

FILL: A surficial granular fill was observed in all the land borings and test pits. The fill typi

• cally consisted of a silty, gravelly sand matrix mixed with bricks, ashes, cinders, concrete, 
wood, and metal. The fill thickness varied from 3 to 10 feet. Typically, the sand content var
ied from 50 to 75 percent, the gravel content from 10 to 40 percent, and fine content from 10 to 
15 percent in the fill matrix. It appeared that the superstructures of mill buildings which once • 	 existed at the site were demolished and then mixed with the matrix. The mixture was dumped 
into the foundations of the mill buildings which were left in place 

• ORGANIC CLAY: A layer of organic clay with sand was encountered in all the offshore bor
ings, except for boring BW-9, and one of the land borings (PD-20). The organic clay con
tained about 20 to 30 percent fine to medium sand by weight and occasionally shells and roots. 

• The organic clay varied in thickness from 4 feet to 17 feet in the boreholes where it was fully 
penetrated. Field Vane Shear tests turned in the organic clay before construction indicated that 
it had a peak undrained shear strength from approximately 25 to 240 pounds per square foot. 

• SAND: Natural sands were encountered below the organic clay or surficial fill. The sands 
varied from well graded silty sands to clean narrowly graded sands. The sand layer was only 
fully penetrated in one boring (PD-23) and was 29 feet thick. However, 48 feet of sand was 
observed in boring PD-12 and the layer had not been fully penetrated. Standard Penetration 
tests executed in the sand varied from 3 to 80 blows per foot. They indicate the sand is loose 
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Note: The typical soil profiles are intended to convey trends in subsurface 
conditions. The land profile is based on 9 borings and 13 test pits. 
The water profile is based on 16 borings. The surface boundary 
elevations are averages and vary considerably between individual 
explorations. Standard penetration values are averages for a 
particular stratum and may vary considerably within tfle stratum. 

Figure 6-6 Typical Profiles 
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to very dense in consistency. Standard Penetration test results greater than 50 blows per foot ......, 
are probably caused by the presence of cobbles and boulders in the sand. 

Groundwater: Groundwater was generally observed between the mean high tide level (elevation -
3.7 feet MLW) and the mean low tide level (elevation 0.0 feet MLW). The groundwater levels noted 
on the logs vary from approximately 0 feet ML W to approximately 8 feet MLW at the time that the 
explorations were performed. It should be noted that fluctuations in the groundwater level may oc- cur due to variations in tide, rainfall, snow, temperature, ice, wind, or other factors which differ from 
the conditions at the time that the observations were made. 

• 
DESIGN• 

Design Criteria: The principles and procedures discussed in "Design and Construction of Lev

• 


.. ees" (16) were used to develop the dike sections for the CDF. A typical design section is shown on 

Figure 6-7. Layer thicknesses and stone sizes for the dike were determined using procedures in "Hy

draulic Design of Flood Control Channels" (19), "Additional Guidance for Riprap Channel Protec

tion" (19) and the "Shore Protection Manual" (21). High-strength geotextile design was accom

plished using the draft USACE Technical Manual "Engineering Use of Geotextiles" (18), "The 
Mechanics of Reinforced Embankments of Soft Soils" (9), and the "UTEXAS2 Slope-Stability" 
package (24). Vertical drain spacing was calculated using information provided in "Designing with 
Geosynthetics" (10). The sheet pile embedment length was determined using the USACE Computer 
Program entitled "Design and Analysis of Sheet Pile Walls by Classical Methods" (23). 

Embankment Materials: The material from the required demolition, stripping and excavation 
operations was not suitable for the proposed embankments. The contractor supplied all embankment 
materials, due to the high potential cost of developing government furnished borrow areas and the 
difficulty involved in acquiring the land for borrow areas. The embankment materials which were 
specified are described below. 

• 
GRANULAR Fll...L: Granular fill shall consist of clean, tough, inert grains of quartz or other 
hard durable rock, free from loam or clay, surface coatings and deleterious materials. The ma

• terial shall contain no organic matter or soft friable particles in quantities considered objection
able by the contracting officer. It shall be a material which can support construction equip
ment yet have a fairly low permeability. The fIll particles shall be reasonably well graded 

• 
 within the limits listed below. 


Sieve Size 
ill.S. Standard) 

1/2-inch 
No. 10 
No. 40 
No. 200 

.' 


Percent Passing 
by DIY Weight 

100 

30-95 

10-75 

0-15 
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-
GRA VEL BEDDING Gravel Bedding shall consist of sand, gravel, and crushed stone. It shall 

.. ,-" 	 be composed of tough, durable particles. It shall be reasonably free of thin, flat and elongated 
pieces. The materials shall contain no organic matter or soft friable particles in quantities con
sidered objectionable by the contracting officer. The materials shall be reasonably well graded -	 within the limits listed below. 

-	 Sieve Size Percent Passing 
(U.S. Standard by DIY Weight 

• 

S-inch 100 
4-inch 75-100- l-l/2-inch 50-SO 
No.4 15-50 
No. 40 3-20 
No. 200 	 0-5 

In addition, not more than 10 percent by dry weight of the component passing the No.4 sieve• 	 shall pass the No. 200 sieve. 

STONE PROTECTION Stone protection materials shall consist of hard, durable, angular, ir

• 	 regular, and sound quarried rock fragments. Each stone shall have a density of not less than 

• 
162 pounds per cubic foot based on the saturated surface dry specific gravity (SSD). Stones in 
the material shall not have long dimensions which exceed 3 times their short dimension. The 
gradation and size requirements for the subject project are listed below. 

Limits of Percent Lighter by 
Stone Weight (Pounds) Weight (SSD) 

Between 120 and 300 (Max.) 100 
Between 60 and 90 50 
Less than 50 15• o2 (Min.) 

.. Sources Of Materials: Producers of granular fill, gravel bedding and stone protection materials 
were contacted during the spring and fall of 1987 to identify sources which could provide the quanti
ties required for the proposed project. One producer could supply all the materials and was within 4 .. miles of the project site. More than 10 other possible producers were identified within 50 miles of 
the project site. .. Atterberg Limit Tests: Woodward-Clyde Consultants, Law Environmental, Inc., Geotechnical 
Engineers Inc., and the USACE performed Atterberg Limit tests on the organic clay in the pilot 
study area. The test results are summarized in Figure 6-S. Geotechnical Engineers Inc. noticed ap
proximately a 40 percent reduction in the liquid limit values of organic clay samples which were 
oven-dried versus the ones which were not oven-dried during their laboratory testing program (S). 
ASTM procedures (2) require that samples are not dried prior to executing liquid limit tests. It ap
pears that the Woodward-Clyde Consultant and Law Environmental, Inc. samples may have been 
dried prior to running their liquid limit tests. 

Design Values: Laboratory tests were performed on the organic clay foundation materials but 
not the existing granular fill and natural sand foundation materials nor the granular fill, gravel bed
ding and stone protection embankment materials. Design values were conservatively estimated from 
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exploration log data, experience with similar materials, and laboratory test data where available. 
The laboratory and field test results performed on the organic clay are summarized in Figures 6-9 
and 6-10. The estimated design values used in the pre-construction stability, dredge cut, and seepage 
analyses are listed below. 

Table 6-1 

Design Values 


Material Location Saturated Strength Permeability 
Unit Weight c ~ (cm/s) 

(LBSIFf) (LBS/SF) (DEG) 

Organic Clay Foundation 92 65-175 0 <10-6 

Sand Foundation 120 0 30 10-2 to 10-3 

Granular Fill Foundation 120 0 30 10-2 to 10-3 

Granular Fill Embankment 110 0 30 10-2 to 10-3 

Gravel Bedding Embankment 130 0 32 10-1 to 10-2 

Stone Protection Embankment 120 0 35 >10-1 

Embankment Stability: The "in water" dike section shown in Figure 6-11 was chosen for stabil
ity analysis because it combined maximum embankment heights with minimum foundation 
strengths. The UTEXAS2 Slope Stability package and the strength.values listed in the Design Value 
paragraph were used to analyze the End of Construction condition. The Sudden Drawdown from 
Maximum Pool, Intermediate Flood Stage, and Steady Seepage from Maximum Pool conditions 
were judged to be much less critical because it was judged that the organic clay foundation soils 
would gain substantial strength due to the embankment loading before filling of the dike would oc
cur. An analysis of earthquake conditions was not judged to be necessary due to the low height of 
the dike, the low magnitude of earthquakes that have occurred in the vicinity of the site in the past, 
and the characteristics of the dike materials. 

Circular and non-circular searches using the Spencer procedure were used to find the critical 
shear failure surface for the "in water" dike section. The initial search using one vertical on three 
horizontal side slopes for the dike and an organic clay shear strength which was 65 pounds per 
square foot (psf) at the high-strength geotextile (approximately -3 feet MLW) and increased 9 psf/ 
foot of depth, as shown in Figure 6-10, yielded a factor of safety of 0.6. Since it was necessary to in
crease the factor of safety without substantially increasing the width of the dike section, reinforce
ment was introduced. It was found by using 50 percent of the ultimate strength (a typical value rec
ommended for polyester) of the strongest high-strength geotextile that had been manufactured in the 
United States at the base of the proposed dike in the analysis that the factor of safety could be in
creased up to 1.7. A factor of safety from 1.1 to 1.4 was calculated using 50 percent of the ultimate 
tensile strength of the selected high-strength geotextile (1,667 pounds per inch ultimate tensile 
strength). The variation in factor of safety reflects the three available options to the user in the 
UTEXAS2 Slope Stability package to designate how reinforcement force will be applied. It should 
be noted the strength of the high-strength geotextile was reduced fifteen percent in the analysis to ac
count for the holes punched in it during vertical drain installation. 

A second analysis was performed after stage I construction on the section shown in Figure 6-12 
to see if stage II construction could be safely started before the stage I primary consolidation period. 
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ended. It was observed during vertical drain installation that the high-strength geotextile elevation 
varied from 3 feet MLW to -12 feet MLW instead of the approximately -3 feet MLW originally as
sumed. Additional vane shear tests (The results are shown in Figure 6-10.) which were perfonned 
below the in-place high-strength geotextile indicated that the strength of the organic clay was ap
proximately 25 psf at elevation 3 feet MLW and increased 10.4 psf/foot with depth. The tensile 
strength of the high-strength geotextile used in the analysis was 2500 pounds per inch, which corre
sponded to 50 percent of the in-place high-strength geotextile's ultimate tensile strength (11). It was 
applied tangential to the circle or wedge at the base of the slice where the high-strength geotextile 
crossed the assumed failure surface. The tensile strength was reduced 30 percent to account for the 
orientation and size of the vertical drain holes. The net result due to the changed input was that the 
factor of safety decreased from 1.3 to 1.2 . 

Settlement: The organic clay foundation soils described in the exploration logs and tested in the 
laboratory are highly compressible. A virgin compression ratio of 0.35 was selected based on one 
dimensional laboratory consolidation tests to perfonn a settlement analysis for the proposed dike 
section shown in Figure 6-7. The analysis indicated that the proposed dike might settle from 5 to 6 
feet due to primary consolidation. A concern arose that, if the large amount of estimated settlement 
occurred, there might be some large cracks in the dike. Therefore, it was decided to construct the 
dike in two stages so cracks that developed in the base of the dike (stage I) could be repaired before 
the crest of the dike (stage II) was constructed. The estimated primary consolidation for each stage 
was still slightly larger than 2.5 feet. 

Seepage Control: The design hydrostatic head for the dike is the difference between the maxi
mum height of dredge fill (10 feet ML W) in the interior of the dike and low tide level (0 feet ML W) 
outside of the dike. Seepage through the dike was controlled by the relatively long seepage path 
through the semi-impervious dike material. Foundation seepage was controlled by the long seepage 
path through the impervious organic clay foundation soils. A shallow estuary side toe was not 
judged to be necessary nor practical to construct. 

Placement And Compaction: The specified procedures for placement and compaction of dike 
materials for the base (stage I) of the "in water" dike were somewhat atypical. A specific fill se
quence where the fill was placed in a concave shape in the direction of advancement as shown in 
Figure 6-13 was specified so all the wrinkles were removed from the high-strength geotextile. The 
initial loose lift was to be 24 to 36 inches thick followed by loose lifts 12 inches thick. Placement 
and compaction of the first four feet of loose fill material was to be accomplished with crawler-type 
tractor equipped with low ground pressure treads that exerted a unit track pressure of not more than 
3.0 pounds per square inch. 

The specified procedures for placement and compaction of dike materials for the "land" dike and 
the crest of the "in water" dike (stage II) were conventional. Loose fill material was to be placed in 
lifts approximately 12 inches thick. Each lift was to be placed and compacted with at least six pass
es of a crawler-type tractor weighing more than 25,000 pounds. Due to the nature and location of 
the project, requirements for restricted areas were not necessary . 

Slope Protection: CoastaI and hydraulic engineering analysis of wave conditions at the project 
site indicated that the maximum wave heights are approximately one foot. The procedures in the 
"Shore Protection Manual" (21) were used to calculate the minimum stone layer thicknesses and 
stone sizes based on the maximum wave height. The minimum stone layer thicknesses and stone 
sizes were relatively small so they were increased to provide protection from vandalism. The speci
fied sections are shown on Figure 6-7. 
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Sheet Pile Wall: A sheet pile wall was needed to separate the primary cell of the COF from the '" 

secondary cell of the COF rather than a dike due to space limitations. "Design and Analysis of Sheet 
Pile Walls by Classical Methods" (23) was used to design the sheet pile wall. The design hydrostatic 
head for the wall was the difference between the maximum height of dredged fill in the primary cell 
(10 feet ML W) and the bottom of the secondary cell (5 feet MLW). It was assumed that the dredged 
material would have a cohesion of 45 pounds per square foot, a friction angle of 0 degrees and a sat
urated unit weight of 90 pounds per cubic foot, and the sand foundation soils would have a cohesion -of 0 pounds per square foot, a friction angle of 30 degrees, and a saturated unit weight of 120 pounds 
per cubic foot. The analysis indicated that for a Factor of Safety of 1.5, PZ-22 steel sheet piles were 
required, and they should be driven to elevation -13 feet ML W. -

High-strength Geotextile: The purposes of the high-strength geotextile were to provide rein
forcement in the proposed dike, separate the organic clay foundation soils from the granular fill em •bankment materials, and improve mobility of construction equipment during initial granular fill 
placement. The guidance in the draft "Engineering Use of Geotextiles" (14) was used to specify the 
requirements of the high-strength geotextile. The ultimate tensile requirements of the high-strength 
geotextile in the warp direction were previously discussed in the Embankment Stability paragraph. -
The bearing capacity considerations due to the use of the high-strength geotextile are discussed in 
the Bearing Capacity paragraph below. In addition, the pullout resistance, sliding failure resistance 
and tensile requirements in the fill direction of the high-strength geotextile were studied. It was found that at least 28 feet of embedment of the high-strength geotextile was required beyond the crit
ical failure circle to resist pullout of the geotextile, the effective interface friction angle of the high
strength geotextile must be greater than 12.5 degrees to resist sliding of the granular fill on the geo
textile, and the ultimate tensile strength and seam strength of the high-strength geotextile must be • 
greater than 600 pounds per inch in the fill direction to resist active earth pressures and construction 
forces. 

Sediment Control: Two different methods of controlling the sediment disturbed during the 
high-strength geotextile placement and "in water" dike construction operations were considered. 
The first method was to use an impermeable geomembrane which would extend from the top of the .. 
water column down to a point approximately two feet above the estuary bottom. The geomembrane 
would be supported by driven wood poles or steel pipes. The second method was to use a permeable 
geotextile which would extend from the top of the water column to the estuary bottom. The geotex .. 
tile would be supported by moveable floats and wood poles, if necessary, and the bottom of the geo
textile would be anchored with weights. The second method was selected because the geotextile 
could be moved more easily and it was feared that the sediments which were stopped by the im
permeable geomembrane needed for the first method would fall to the estuary bottom and then be • 
carried past the geomembrane by the tidal currents. 

Vertical Drains: The estimated consolidation period without vertical drains was from 15 days to •
150 days for both Stage I and II "in water" dike construction. Coefficients of Consolidation from 
0.273 feet squared per day to 2.73 feet squared per day which were obtained from laboratory test re

sults were used to calculate the consolidation periods. Shorter consolidation periods were needed to 

meet the project schedule so vertical drains were considered. The procedures in "Designing with -

Geosynthctics" (10) were used to calculate consolidation times for various vertical drain spacings. 

The estimated consolidation periods were from 3 days to 30 days with the selected vertical drain 

spacing of five feet. 
 -

Environmental: A preliminary judgement was made that the proposed project would not ad ..versely impact the geology, topography or soils in the project area. The following concerns were 
raised: the proposed dredging and "in water" dike construction activities would elevate the PCB lev
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els in the estuary water column and other parts of the estuary bottom, surface water runoff would 
erode significant amount of fill in the soccer field area before grass was established, and PCBs 
would leach through the unlined dike. A sediment fence was specified around the dredging and "in 
water" dike construction areas to reduce migration of PCBs in the estuary water column and into oth
er parts of the estuary bottom. Hay bale barriers were specified around the soccer field area to retain 
soil eroded by surface water runoff while grass was being established. A monitoring system was set 
up to determine whether PCBs were leaching through the unlined dike. A bentonite slurry cut-off 
trench was envisioned as the contingency plan if it was found that leaching was a problem. 

Access: Access to the project is good. Land vehicles can access the south side of the project site 
along Sawyer Street. Small boats and barges can access the east and north sides of the project site 
from the Acushnet estuary. 

Construction Sequence: A construction sequence was developed to construct a safe dike as 
well as to minimize the construction time. An outline of the basic steps follows: 

1. Construct the north and south legs of the stage I "in water" dike before constructing the 
east leg of the stage I "in water" dike. 

2. Place high-strength geotextile immediately prior to placement of granular fill along each 
leg of the stage I "in water" dike. 

3. Place and compact the granular fill for each leg of the stage I "in water" dike using the fill 
sequence shown in Figure 6-13. 

4. Allow the stage I "in water" dike to consolidate until the rate of settlement and pore pres
sures subside. 

5. Construct the north, south and west legs of the "land" dike using conventional fill proce
dures while stage I "in water" dike is consolidating. 

6. Place and compact the fill for each leg of the stage II "in water" dike using conventional 
fill procedures. 

7. Allow the stage II "in water" dike to consolidate until the rate of settlement and pore pres
sures subside. 

8. Place gravel bedding and stone protection on the "in water" dike ( stage III construction). 

Bearing Capacity: The predicted bearing capacity factor of safeties were approximately one for 
stage I construction and below one for stage II construction using classical theories. Recent theories 
involving plasticity concepts (9) for use with high-strength geotextiles were studied and applied to 
the proposed dike section. The reevaluated bearing capacity factor of safeties were greater than one 
for both stage I and II construction. 

Weirs: Two variable weirs were needed in the CDF during dredging operations. The larger weir 
was situated at the south end of the sheet pile wall and allowed water to pass from the primary cell to 
the secondary cell. It could be adjusted between elevation 6 feet MLW and elevation 10 feet MLW 
using a stop log type structure. The smaller weir was situated in the northeast corner of the secon
dary cell and released water back into the cove. It could be adjusted between elevation 5 feet MLW 
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and elevation 9 feet MLW using a stop log type structure. 

Instrumentation: Settlement plates, piezometers, stability poles, and inclinometers were speci
fied to monitor dike settlement and stability. Monitoring wells were specified to monitor possible 
flow of PCBs and heavy metals through and below the dike. Strain gages were designed and in
stalled by Waterways Experiment Station on the east leg of the high-strength geotextile to monitor 
high-strength geotextile elongation. The monitoring instruments were modified to resist deteriora
tion due to exposure to PCBs and heavy metals to the extent practicable. The locations of the pro
posed monitoring instruments are shown in Figure 6-5. Details of the monitoring instruments are 
shown in Figures 6-14 to 6-18. 

Dredge Cuts: The specified dredge cuts for the pilot study were studied using the UTEXAS2 
Slope Stability package (24), slope stability charts (25), and the guidance of Dr. Jack Fowler (Water
ways Experiment Station). The shear strengths shown in the Design Value paragraph were used in 
the analysis. The slope stability package and slope stability charts indicated that dredge cuts as steep 
as 1 vertical on 2 horizontal would be safe. However, Dr. Fowler felt that due to disturbance to the 
organic clay caused by the proposed dredging operations, and his observations of dredge cuts on 
similar materials that a more realistic dredge cut slopes were in the 1 vertical on 3 horizontal to 1 
vertical on 5 horizontal range. Since the nature of the project was experimental, dredge cuts with 1 
vertical on 3 horizontal slopes were specified. Provisions to flatten the dredge cuts were made in 
case the 1 vertical on 3 horizontal slopes were unsafe. In addition, it was specified to step the dredge 
cuts and allow them to slough in order to reduce the disturbance of the dredging ()perations. 

CONSTRUCTION 

Demolition: Demolition was required along the proposed "land" dike and steel sheet pile align
ments where reinforced concrete foundations and one smoke stack foundation existed. Large pieces 
of the reinforced concrete foundations were broken up with a pneumatic jack hammer which was at
tached to the arm of a hydraulic excavator. Once the foundations were reduced to reasonable sized 
pieces, they were loaded on trucks with a Koehring 666 hydraulic excavator and placed in the on site 
berms. Work progressed smoothly except for removal of the smoke stack foundation which required 
an extreme amount of effort, because it was quite massive and it had a large amount of steel rein
forcement in it. 

Sheet Pile Installation: Existing foundations were removed along the steel sheet pile alignment 
as described in the Demolition paragraph. The steel sheet piles were then driven into the natural 
sands with a vibratory pile driving hammer. The steel sheet piles were driven very easily and no dif
ficulties or obstructions were encountered during the driving operations according to Construction 
Division representatives. Records of the driving operations, driving equipment, templates used, pro
tective caps used (if any), driving equipment performance data, top and bottom elevations and pile 
penetration rate which required contractor submittals are not available. 

Sediment Control: The contract specifications required that the contractor submit a sediment 
fence design for approval, then fabricate and maintain the fence during construction of the "in water" 
dike. The purpose of the fence was to reduce the flow of sediments into the estuary which were dis
turbed during the high-strength geotextile installation and placement of dike fill operations. Figure 
6-19 is a cross section of the sediment fence which was used. It performed exceptionally well (no 
major delays due to sediment migration or interference with construction activities). 

High-strength Geotextile Testing: Three sets of laboratory strength tests were executed on the 
high-strength geotextile which was delivered to the project site (5) (6) (11). The test results are in
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eluded in Appendix 6-C. The high-strength geotextile tested consisted of 100 percent polyester tena
cious yarns that were woven by Nicolon Corporation in the United States. Approximately 26 yarns 
per inch and 4 yarns per inch were measured in the warp and fill directions, respectively. It weighed .. 65 ounces per square yard. Using ASTM D-4595, it was determined that the high-strength geotex
tile's ultimate tensile strength was about 5,000 pounds per inch and 1,150 pounds per inch in the 
warp and fill directions, respectively. Tear developed at 10 to 15 percent elongation. The secant 
modulus of the high-strength geotextile at 5 percent elongation was about 50,000 pounds per inch - and 11,500 pounds per inch in each of the principle directions. The individual panels of the high
strength geotextile were sewn together with a "butterfly" type seam which has an ultimate tensile 
strength of approximately 700 pounds per inch (14) . • 

Chemical compatibility tests were performed on samples of the high-strength geotextile during 
construction of the dike (5). The test results are included in Appendix 6-C. The samples of the.. high-strength geotextile were immersed in a slurry of Acushnet River bottom sediments and seawa
ter for periods of 30, 60, and 120 days. The slurry had a PCB concentration of approximately 500 
parts per million and was maintained at 23 degrees celsius. Tests on the immersed samples were .. 	 compared to a control sample which was not immersed. The average ultimate tensile strength, se
cant modulus at five percent strain, and strain at failure of the immersed samples at 120 days were 

.. 
 15.1 percent, 10.2 percent, and 31.5 percent less, respectively. Most of the reduction in test values 

was noted in the first 30 days . 


Strain Gage Installation: Fifty-two strain gages were attached by Waterways Experiment Sta
tion personnel to a panel of the high-strength geotextile at Nicolon's plant in Georgia (13). Gages .. type EP-08-40CBY-120, manufactured in the United States by Micro-Measurements Division, were 
used. Their nominal length is four inches. The following is a step-by-step procedure which was 
used to attach the gages to the high-strength geotextile: 

.. 
1. The high-strength geotextile was rolled out in a building onto a flat surface and the gage 
locations were laid out on five foot and three foot spacings, respectively. Each gage location 
was offset about six inches transverse to the longitudinal axis of the high-strength geotextile 
roll starting from the centerline of the proposed embankment. This precaution was taken so 
that if high-strength geotextile yarns were inadvertently damaged only a minimum number of 
gages would be lost. .. 
2. The gages were oriented parallel to the alignment of the warp and fill yams. Each location 
had gages in the warp direction and every other location had gages in the fill direction. This .. 	 was accomplished by positioning the fabric so that the warp and fill yarns were 
perpendicular to each other. A steel straight edge and felt tip pen were used to mark the de
sired gage alinement. 

• 3. A 3/8-inch diameter bead of silicone, made by Teroson GmbH, West Germany, called 33 
Silicone Sealant, was first applied to the high-strength geotextile at the desired gage location 
and orientation. The strain gage and terminal strip was placed on this bead with a pair of 
tweezers. A strip of teflon, two inches by seven inches, was placed over the gage and care-	 fully smoothed with one's fingers, keeping it in alignment with the fabric yarns. 

4. A flat smooth plywood block, two inches by seven inches, was placed over the Teflon cov• 	 ering both the strain gage and terminal strip. Weights varying from 20 pounds to 100 pounds 
were placed on the plywood strip for a curing time of about 5 to 10 minutes. The curing time 
is controlled by the amount of moisture in the air. The weights force the silicone bead to 
spread out. The magnitude of weight depends on the high-strength geotextile thickness. The 
thicker and heavier high-strength geotextiles require larger weights to force the silicone into 
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the high-strength geotextile. The silicone does not cement itself to the high-strength geotex
tile yams but is held by impregnation into the high-strength geotextile structure. This im
pregnation acts simply as a small foot print with little stubs of silicone penetrating the high
strength geotextile. Most high-strength manufacturers apply a light manufacturing lubricant 
to the yams to facilitate the weaving process and this prevents the silicone from adhering to 
the high-strength geotextile yams. Attempts to completely remove the lubricant failed. 

5. The strain gage and terminal strip were wired and soldered together leaving a small two 
inch loop of wire for strain relief between the gage and the terminal. An eight-inch pigtail 
consisting of two 18 gauge stranded wires and a piece of shrink tubing about four inches long 
and 1/4-inch diameter was connected to the terminal strip. A heat gun was used to shrink the 
tubing at the terminal leaving two four-inch long wires exposed. The pigtail was oriented in 
a direction perpendicular to the long axis of the gage to provide strain relief. The pigtail was 
tied down with a self locking plastic tie. 

6. The wire terminal, wires, and shrink tubing were carefully cleaned with nonresident free 
solvent TF or Isopropyl alcohol to remove any finger prints, oil, and soldering residue. Be
fore waterproofing the gaged area, the gage was checked for continuity, and all solder joints 
were checked for soundness. 

7. Waterproofing was accomplished by placement of about 4 to 5 beads of silicone O/4-inch 
diameter) in the longitudinal axis of the strain gage and tenninal strip. A strip of Teflon, two 
inches wide and seven inches long, was placed over this area, and the silicone was smoothed 
out to prevent any voids or air pockets inside the waterproofing cover. The cover was 
formed to a thickness of about 1/4-inch to 3/8-inch above the strain gage and terminal strip. 
The silicone was carefully placed around the terminal strip wires and about two inches of the 
shrink tubing. The silicone should be tapered or flared out only over the original area of sili
cone that spread out when the weights were applied to the strain gage. Otherwise, the addi
tional silicone will have a tendency to peel off the fabric. This entire operation of placing the 
strain gage, wiring the strain gage, and placement of the water proofing layer should be ac
complished as soon as possible, preferably in a 4 to 8 hour period. If this is not done, cold 
joints may develop between the first and second layer of silicone, and the second layer may 
peel off during fabric shipment and installation. 

8. It generally requires about 2 to 4 hours for the waterproofing layer to cure at which time 
the gage continuity is checked again. The exposed wire ends of the pigtail are clipped off 
and dipped in the silicone to protect them from absorbing moisture during subsequent sewing 
and shipping operations. 

9. The pigtail wires are stripped back at the site and the strain gages are checked to see if they 
survived the sewing and shipping operations. All the strain gages were functioning properly. 
Prior to soldering 1/4-inch diameter Belden four conductor cables to the strain gages, an 
eight-inch long by 3/8-inch diameter piece of shrink tubing was placed over the cable. After 
the cables were soldered and taped, the shrink tubing was placed over the original 1/4-inch 
diameter shrink tubing and cable splice, and it was shrunk using a heat gun. Then the cables 
were wired and the exposed ends were protected with a pile national pipe enclosure to pre
vent moisture from entering the cable ends. 

10. Once the high-strength geotextile had been placed in the final designed position and ap
proximately three feet of fill had been placed on it, the cable ends were threaded through six
inch diameter PVC pipes. The pipes were attached in a vertical position to steel scaffolds 
that were constructed to an elevation higher than the proposed dike. Finally the excess cable 
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was cut and the cable ends were attached to multiple dial switches so that the gages could be 

~ rapidly read. 

-
 High-strength Geotextile Installation: Individual panels (15 feet wide), including the strain 
gage panel, of high-strength geotextile were sewn together to form three segments (the north, east, 
and south legs of the "in water" dike) at Nicolon's plant. The seams were sewn with a high-strength 
polyester thread using a double needle sewing machine. Each segment was folded in "accordion" -
fashion at the plant and shipped by truck to the project site . .. The leading edge of each folded segment was attached to a 12 inch diameter by approximately 
400 foot long PVC pipe with nylon ropes at the site. Larger nylon ropes were attached to the pipe 
and threaded around a cathead. The cathead was mounted on an anchored spud barge which was sit
uated in the Acushnet River Estuary several hundred feet ahead of the leading edge of the high• strength geotextile segment being installed. Each segment of the high-strength geotextile was pulled 
in place by engaging the larger ropes alternately with the cathead. 

• The high-strength geotextile installation procedure worked well except for the east segment of the 
"in water" dike. Apparently the contractor had difficulty pulling the folded high-strength geotextile 
segment into place because one-half of the east segment became unfolded and twisted. When the 
contractor attempted pulling the unfolded and twisted segment using the method described above, 
portions of this segment ended up as much as 20 feet from the required location. The contractor 
spent two days pulling cables he had attached to the edges of the high-strength geotextile with the 
cathead on the spud barge and several different types of land based vehicles to pull this segment to • the specified location. Several tears up to 10 feet developed along the edges of the high-strength ge
otextile during the repositioning operation. 

"In Water" Dike Construction: Stage I "in water" dike construction started 23 June 1988 on the 
north leg of the proposed dike immediately after installation of the high-strength geotextile segment. 
A light gray, fine to coarse sand with 15 to 20 percent silt was pushed from the land with approxi.. 	 mately 4.6 pounds per square inch ground pressure dozers in approximately a four foot lift. The 
leading edge of the fill was advanced forming a concave shape in the direction of the fill. At the 
start, the outer edges (approximately 75 feet right and left of the dike centerline) of the initial lift of 
dike fill proceeded the central portion by approximately 100 feet. It was found that approximately a • 	 30 foot difference between the outside edges and central portion of the initial lift of granular fill 
worked best, as fill placement progressed. A mud wave formed around the granular fill which 
reached approximately four feet in height and 60 feet in width at the completion of the north leg of• 	 the "in water" dike on 27 June 1988 (three working days). 

Stage I construction of the south leg of the proposed "in water" dike started 7 July 1988. Granu.. 	 lar fill was pushed eastward with one dozer that had a contact pressure of approximately 2.6 pounds 
per square inch. The initial lift thickness was maintained at approximately two feet. Five working 
days later stage I construction of the south leg was complete. It was found that the mud wave which .. 	 developed around the south leg was smaller than the north leg (1.5 feet in height and 30 feet in width 
versus 4 feet in height and 60 feet in width) and the amount of granular fill used per foot of the south 
leg of the "in water" dike was approximately 60 percent less than per (oot of the north leg of the "in 
water" dike as shown in Figure 6-20. The differences could be attributed to the fact that the speci.. fied construction procedures and low ground pressure equipment were used to construct the south 
leg. 

.. Stage I construction of the east leg of the "in water" dike started 27 July 1988 and ended 5 August 
1988. The following construction practices which were not in compliance with the project plans and 
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specifications occurred: equipment with contact pressures greater than three pounds per square inch 
was extensively used to place the first four feet of granular fiU, the leading outside edges (approxi
mately 75 feet right and left of the dike centerline) of the granular fill were not placed concurrently 
to balance the loads on the high-strength geotextile, the initial lift of granular fill was frequently 
greater than three.feet, back dumping of trucks at the leading edge of the granular fill was permitted 
throughout the work, and equipment was frequently allowed to operate directly on the high-strength 
geotextile. The following problems were attributed to the construction practices: the west edge of 
the high-strength geotextile segment was pulled approximately 50 feet out of position, an approxi
mately 15 foot long transverse tear developed along the west edge of the high-strength geotextile 
segment about 15 feet south of the strain gage panel, placement of granular fill directly on the organ
ic clay was required along the west edge of the high-strength geotextile segment, mud waves up to 
10 feet high developed during granular fill placement, and mud waves up to six feet high and 75 feet 
wide remained to the east and west of the leg after completion of stage I granular fill placement. A 
comparison of typical "as built" sections of the in water dike is shown in Figure 6-20. 

Stage II granular fill placement and compaction of the in water dike was accomplished in November 
1988 and December 1988 with a standard ground pressure dozer. Occasionally water had to be add
ed to the granular fill to reduce dust which emanated during the placement and compaction opera
tions. Stage II "in water" dike construction proceeded according to schedule. A soft area (approxi
mately 2000 square feet) was observed between inclinometer MI-IA and the strain gage panel on the 
east leg of the "in water" dike. The soft area stabilized after three lifts of granular fill were placed 
and is not a cause for concern. 

"Land" Dike Construction: Granular fill for the land dike was end dumped then placed and 
compacted with conventional construction equipment. Occasionally water was added to the granular 
fill to reduce dust which emanated during the placement and compaction operations. Land dike con
struction proceeded according to schedule and no unusual problems occurred. 

Vertical Drain Installation: A subcontractor installed approximately 63,000 linear feet of verti
cal drains (approximately 2,700 drains) from 3 August 1988 to 8 August 1988 using the stage I em
bankment as a working mat. The drains extended from the top of the stage I "in water" dike, through 
the granular fill and organic clay, to a point approximately two feet into the natural sands. Each 
drain consisted of a polypropylene wick wrapped in a polypropylene geotextile sock. The drains 
were installed with a vibrating mandrel mounted on a specially fabricated low ground pressure (4.3 
pounds per square inch) pile driving rig. 

Initially, the subcontractor had problems penetrating the two layers of the high-strength geotex
tile at the northeast and southeast corners of the dike but overcame the problem by welding a point to 
the mandrel. Throughout vertical drain installation the subcontractor had problems penetrating the 
granular fill in areas where the granular fill was much thicker due to poor stage I construction prac
tices. Vertical drains were not successfully installed at the following in water dike locations: the 
central section of the east leg (6 drains) because the rig could not work safely on the thin layer of 
granular fill (less than 2 feet), the west edge of the east leg (8 drains) because the top of the stage I 
embankment was not constructed wide enough to allow the rig access, the north leg (8 drains in ran
dom locations) because the rig could not penetrate the thick layer of granular fill, and the southwest 
corner of the north leg (12 drains) because an apparent obstruction was encountered. 

Slope Protection: The required gravel bedding and stone protection for the "in water" dike was 
placed with a small dozer and backhoe. Construction difficulties were not encountered during the 
placement operations. A reasonably uniform appearance was achieved. However, laboratory tests 
performed by the c0!ltractor (two tests) and the NED materials and water quality lab (one test) indi
cate that the gravel bedding is finer than specified and is not reasonably well graded as shown in Fig
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ure 6-21. Erosion of the gravel bedding and dike core may occur due to the nature of the gravel bed
ding material placed. '"" -Instrumentation (General): Stability poles, piezometers, settlement plates, and inclinometers 
were installed immediately after completion of stage I of the "in water" dike. Monitoring wells were 
installed immediately after completion of stage II of the "in water" dike. The locations of the instru
ments are shown of Figure 6-5. More detailed information about the "in-place" locations and the el
evations at the time of installation of the instruments is presented in table 6-2 below. Additional in- 
stallation information is contained in the following paragraphs. -

Table 6-2 Instrumentation Details 

TYPE AND STATION RANGE APPROXIMATE • 
DESIGNATION ELEVATION (MLW) 
Wells Bottom of Top of 

Borehole Screen 
MW-A 3+00 8'L -4.5 2.5 
MW-B 10+01 110'R -6.5 -0.5 
MW-C 10+01 105'R -2.0 5.0 
MW-D 11+01 TL -12.0 -5.0 -
MW-E 11+01 10'L -3.0 4.0 
MW-F 6+16 7'L -3.0 4.0 
MW-G 15+66 7'L -3.0 4.0 • 
Piezometers 
MP-l 8+66 7'L -16.0 '-',.
MP-2 9+4 7'L -15.0 
MP-3 11+01 TR -15.5 
MP-4 12+41 TL -14.0 
MP-5 13+26 7'L -13.0 • 
Inclinometers 
MI-IA 10+10 7'L -24.5 •MI-2 12+16 TL -24.0 

Stability Poles Top of Pole 
MS-l 8+66 55'L 6.2 • 
MS-2 8+66 55'L 6.4 
MS-3 9+66 45'L 6.3 
MS-4 11+01 45'L 7.7 •
MS-5 11+01 40'R 6.3 
MS-6 12+41 55'R 8.1 
MS-7 12+41 40'L 7.7 -
Settlement Plates Bottom of Plate 
SP-1 8+56 7'L -1.1 
SP-2 9+71 TL -0.5 -
SP-3 11+06 TR -0.4 
SP-4 12+36 7'L -0.3 
SP-5 13+31 7'L -1.1 ... 

' 
6-36 -

• 




,.L ~ -- I I a a I I I 

( 
Ia, • • • • •

" 

"'T1cO· 
c: 
CD 
0> 

I 
I\) 
~ 

G>.., 
Pl 
< 
~ 
OJ 
(1) 
Q. 
Q. 

~. 

G> 

~ 
Plg. 
~ en 

100 N 4111 11 1+ 1111 1111 1111 1111 

I '\. I ~ '\ U\80 '" 

s=. -
.21 

£ 60 ~..........~-Ir-------f-------il--------I 
>. 
.0 
~ 

Q) 

u:c: 

c: - ""'-J n "\~ "" ~ 
Q) 
a.. 

I
20 -..oc: ,~"" 

o 
500 100 10 0.1 0.Q1 0.001 

Grain Size in Millimeters legend 

t::. USACE Test Result 

O} Test Resuhs Submitted 
+ by Contractor 

,,\ A ,,~ 

I \ "\\ ~""" 

I ' '" "' \:: \ 

Specified Gradation 

I I Range=-lS I ~~ " 
'" 



.. 

Stability Pole Installation: A subcontractor installed seven 4-inch by 4-inch by 16-foot stability 

poles 17 August 1988 with the aid of a drill rig. A typical stability pole is shown in Figure 6-14. 
The stability poles are approximately eight feet longer than specified. Four of the offsets of the 
poles are different than specified. The use of a drill rig, additional length of the poles, and changes -in the offsets apparently were modifications made by the contractor. Apparently, the contractor 
thought they were needed because the stage I in water dike cross section differed considerably from 
what is shown on the plans due to his poor stage I construction practices. -

Settlement Plate Installation: Settlement plates were installed on 29 June 1988 (SP-l), 12 July 
1988 (SP-5), and 9 August 1988 (SP-2, SP-3 and SP-4). In each case, a 6-inch leveling course of 
granular fill was placed at the proposed settlement plate location. Then, the plate assembly as shown 
in Figure 6-15 was placed on the leveling course. Finally, additional granular fill was placed on and 
around the plate to stabilize it. -

Well Installation: Seven observation wells were installed 8 November 1988 to 10 November 
1988 by a subcontractor. Each well consisted of a two-inch inside diameter schedule 80 teflon trap, 
well screen and riser pipe. A typical well detail is shown in Figure 6-16. Observation well installa -tion was observed on a part time basis by a representative of the contractor rather than a full time ba
sis by a qualified engineer as specified. Apparently no problems were encountered during observa
tion of well installation. -

Piezometer Installation: A subcontractor installed five piezometers from 18 August 1988 to 23 
August 1988. Each piezometer consisted of a porous polyethylene tip and a 3/4-inch inside diameter 
schedule 80 PVC riser pipe. A typical piezometer detail is shown in Figure 6-17. Piezometer instal • 
lation was observed on a part time basis by a representative of the contractor rather than a full time 
basis by a qualified engineer as specified. 

The subcontractor had probleIl)s installing the seal for piezometer MP-3. He attempted to lift the 
bottom of the casing approximately 0.5 feet above the previously installed sand fIlter and then dump 
bentonite pellets down the annular space between the casing and riser pipe to fonn the seal. Approx
imately two feet of organic clay blew into the bottom of the casing before the bentonite pellets could • 
be dumped. The subcontractor attempted to pull the casing but was unsuccessful. He was successful 
in completely washing the hole out and installing the seal with non-stick bentonite balls. The non
stick bentonite balls allowed the subcontractor to dump the bentonite balls down the annular space • 
before pulling the casing. Unfortunately, the elevation of the piezometer dropped approximately one 
foot during the washing operation which indicated that the sand filter could have been damaged. 
Therefore, piezometer MP-3 was read more frequently after installation to detennine whether it was •functioning properly, which it appears to be doing. 

Inclinometer Installation: Two inclinometers were installed by a subcontractor 23 August 1988 •to 26 August 1988. A typical inclinometer detail is shown in Figure 6-18. Inclinometer installation 
was observed on a part time basis by a representative of the contractor rather than on full time basis 
by a qualified engineer, as specified. • 

The installation of inclinometer MI-2 went well except for the removal of the last ten feet of flush 
joint casing. The subcontractor attempted to place sand backfill in the annular space between the in
clinometer casing and the flush joint casing too quickly. Some of the sand got jammed between the -inclinometer casing and the flush joint casing. The flush joint casing could not be pulled without 
also pulling the inclinometer casing, so water pressure was applied in the annular space. The water 
forced the jammed sand out the bottom of the annular space and up the outside of the flush joint cas .. 
ing. Then, the flush joint casing was pulled and sand backfill was placed around the inclinometer 
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casing at a slower rate. It did not appear the application of water pressure damaged the inclinometer 
casing. 

Inclinometer casing MI-l twisted approximately 40 degrees out of line during removal of the- flush joint casing around it. The inclinometer casing could not be twisted into the correct orienta
tion. A new borehole was drilled and a new inclinometer casing was installed without difficulties 

- approximately three feet north of the original location. The new inclinometer was numbered MI-IA. 

Inclinometer casing MI-2 was damaged during stage III in water dike construction. The contrac
tor excavated around the damaged casing and replaced the damaged portion of the inclinometer cas
ing. The repair appears to be good. The inclinometer probe can be raised and lowered in the re- paired casing. However, the granular fill which fell down the inclinometer casing during the repair 
operation needs to washed out before the inclinometer can be read. 

• 

• MONITORING 

Wells: The water in each of the monitoring wells is sampled and tested periodically. The wells 
have performed satisfactorily and there have not been any problems obtaining the samples. The test 
results do not indicate seepage of contaminated material through the CDF is a problem. 

Settlement Plates: Five settlement plates.functioned satisfactorily throughout the life of the• project. The settlement plates were surveyed daily during periods of granular fill placement and ap
proximately two times per week during consolidation periods. Plots of settlement versus arithmetic 
time and log time (for both stage I and stage IT consolidation periods) are presented in Figures 6-22 
to 6-24. 

The plots generally follow the theoretical curves shown in most text books. High rates of settle
•• 	 ment versus time immediately after granular fill placement (stage I and stage II construction) which 

gradually slow during the following consolidation perioos are depicted on the arithmetic plots. The 
log time plots indicate that secondary consolidation was not reached during the stage I consolidation 
period nor as of 12 April 1989 during the ongoing stage IT consolidation period. It appears that the 

• 


• actual consolidation periods would have been longer than what was predicted theoretically without 

vertical drains, if more time and survey were allowed. Possible reasons for the long consolidation 

periods are reorientation of the organic clay particles due to the construction activities and clogging 

of the vertical drains. 


The downward displacement of the settlement plates as of 12 April 1989 varied from 2.14 feet 


• (SP-2) to 3.35 feet (SP-3). It appears that the final total downward displacement of the settlement 

plates will be in the 3 feet to 4 feet range which is less than the 5 feet to 6 feet that was predicted. 

The reason for the difference is that a significant amount (up to 50 percent of the layer thickness in 


• 
 some areas) of the organic clay layer was displaced during the granular fill placement operations. 


Piezometers: Two and maybe three piezometers (MP-3, MP-4, and MP-5) functioned satisfac

- torily throughout the life of the project. If does not appear that the seals was formed properly during 
installation of the other two or three piezometers (MP-l, MP-2, or MP-5). The piezometers were 
read daily during periods of granular fill placement and approximately two times per week during 
consolidation periods. Plots of the readings versus arithmetic time are presented of Figure 6-25. 

• 	 The plots of the piezometers which functioned satisfactorily depict dramatic increases in the piezo
metric levels during stage II granular fill placement and slow decreases in piezometric levels during 
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consolidation periods as expected. Calculations performed during the latter days of granular fill 
placement and based on piezometer readings at that time indicate the porewater pressures near the 
tips of piezometers MP-3 and MP-4 were approaching the combined effective pressures of the mate
rials above the tips. 

Inclinometers: One inclinometer (MI-1A) performed satisfactorily throughout the project The 
other inclinometer (MI-2) performed satisfactorily until it was damaged (between 1 November and 7 
December 1988) at the end of stage II "in water" dike construction. Inclinometer MI-1A was read ten 
times including its initial reading. Inclinometer MI-2 was read seven times including its initial read
ing. Deflection versus depth plots of the inclinometer readings are presented in Figures 6-26 and 6
27. 

The plots show that the deflection rates of the inclinometer casings were high during stage II 
granular fill placement and slowly decreased with time during consolidation periods. Both inclinom
eter casings deflected large distances to the east (MP-1A approximately 0.36 feet as of 3 May 1989 
and MP-2 approximately 0.11 feet as of 1 November 1988). Inclinometer MP-1A deflected a large 
distance to the north (approximately 0.24 feet as of 3 May 1989) while inclinometer MP-2 did not 
deflect significantly in the north to south plane. Most of the inclinometer casing movement was ob
served in the organic clay layer. The magnitude, direction, and location of the inclinometer casing 
movements appear to be reasonable for a job of this nature. 

Stability Poles: All seven stability poles perfonned well during the construction of the project. 
Each pole was observed daily by the contractor's and Construction Division personnel. Significant 
movements of the stability poles were not observed during the project. 

Strain Gages: Monitoring of the strain gages' output was performed using a 4-1/2 digit ohmme
ter. This technique has been validated by Leshchinsky and Fowler (11). It is a reliable technique 
that is easy to use in the field by non-technicians. For the strain gages used, the strain elongation in 
percent equals four tenths times the change in gage resistance in ohms relative to an initial value 
measured immediately after installation. Consequently, monitoring the change in gage resistance in 
the field enabled one to determine the corresponding strain. 

Early construction operations had significant impacts on the 52 strain gages that were glued to the 
high-strength geotextile. Sixteen strain gages were lost during installation of the high-strength geo
textile. Twenty-one strain gages were lost during stage I in water dike construction. No strain gages 
were lost during installation of the vertical drains. One strain gage was lost during the stage I in wa
ter dike consolidation period. One strain gage was lost during stage II in water dike construction. 
Two strain gages have been lost since completion of stage II of the in water dike construction, as of 
3 May 1989. Approximate locations of the 15 strain gages remaining after stage I construction of 
the in water dike are presented in Figure 6-28. 

Plots of strain versus time for the 15 strain gages remaining after stage I construction of the in 
water dike are presented in Figures 6-29 and 6-30. The the following strain ranges were noted on 
the strain versus time plots: high-strength-geotextile installation (0.5 percent to 0.9 percent), stage I 
"in water" dike fill (0.6 percent to 2.2 percent), vertical drain installation (-0.1 percent to 0.5 per
cent), stage I in water dike consolidation (0.5 percent to 3.5 percent), stage II in water dike construc
tion (0 percent to 0.8 percent), and stage II "in water" dike consolidation (0.1 percent to 1.5 percent). 
The strain ranges seem reasonable, except that during stage II in water dike construction and consol
idation, low strain ranges were observed in one-half of the strain versus time plots. 
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BORING LOG 

..££T OF• pRO.I£CT NAME NEW BEDfORP SUPERfUNP SITE "'OJECT NO. a6l:asc~a 
DATE 10-IQ-8~ 

BW-9 P~JECT LOCATION New Bedford. Hass. RIG Barge 
LOGGED I" C. Bolm DRILLED I't..liG....Z"gA_____ WATER ,1. 2.3± AT 
2.3 ELEVATION DATUM __H_L_W_____

SURFACE ELEVATION 

-

-

.. 

• 

.. 


• 


• 


• 


DEPTH SAMPl..E DlSCRIPTION OVH u.s.c. SPECIAL NOTES AND 
TyPE REe RESIST READINGS FIELD OISERVATIONS 

0 5 Loose, black to dark gray, Silty SH Boring advanced by 
SS P On driving a 3 inch - 21+ ~ SAND Sampler - -

• 300m 
'dia. casing in 5 
foot sections,.the~ 

Dense. 9 ray to mu It i co I ored. poor 1 SP wash boring & ad

- ~ graded SAND to Silty SAND - SH vancing a 1-3/8" -,
lOSS Sampler with I 

1 

. ~ - AW rods with a 140J 
lb. hammer dropping! 

5 ~ On - 30 inches or push:-J 

12 8 Sampler ing manually. 

J- SS 21+ 4 l  • 6ppm -
5 

Alluvium 

6 I  - ; 

- to - -
Ouri ng 

- .... Washbore  -
• lppm 

10 ~ - -
16 6 

- SS 24 9 ~ - -
11 

14.... - -
- to- Dud ng - -

Washbore 
- I .. 1ppm - -

15 ~ - -
SS 24 14- 24 .... - -

21 
42 I  - -

50 

- to - Refusal -
SS 

0 
Blow Count:::> 100 

T ..,,00 ~ - BOTTOM OF BORING 

20 i-  - 19.0' -
- I - -

- -- -
- -- -

- ~ - -
25 

L...-- WOODWAID CLYDE CDUULTIlTS 

~. I 
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BORING LOG -SHEET ____ OF 2 

NEW BEDFORD SUPERFUND SITEPROJECT NAME 

BW-12 


URFACE ELEVATION 

PROJECT LOCATION N_e_w_B_e_d_f_o_r_d-.,_M_a_s_s_. 
LOGGED BY L. Gi annas i DRILLED 8Yo--:GO:'=lZ:;.:.A.:....._____ 
2_._1 ELEVATION DATUM MlW 

DEPTH SAMPLE DESCRIPTION U.S.C, SPECIAL NOTES AND 

0 TYPE REC RESIST FIELD OBSERVATIONS 

SS 4 p Loose, black, low plast,ic Clayey ORGAr~ I C OL Boring advanced by 
- 24 ~ SILT - driving. a 3-inch -

dia. casing in 5 
roo - foot sections, the~ 

wash bor i ng', & ad
- - - vancinga 1-3/811 -

• IDSS Sampler with 
- - - AW rods with a 140- 

lb. hammer dr6ppin~- - 30 inches or ,' 

5 0 pushed manually.SS 24 
p- -

Soft to firm, black and dark gray, highly OH Alluvium 
" plastic ORGANIC CLAY - -

ss 16 p - -- 24 r

'  - -
10 -, -

'-" 
- - - -

- - -
SS 6 P _ Loose, dark brown to black, organ i c SILT ML All uvi urn ' - 24 - -

with Sand •-
Loose to dense, dark gray to multicolored, SM All uvi um 

;5 f-" Si 1ty SAND - -
SS 24 6- 24 f  - -

5 
9 f  - -

4 

- - - -
- - - -

-:20 18 
; 

SS 18 8 Dense to very dense, qray, poorly graded SP Alluvium- 13 f- SANO - -
25 - -- f

- f  - ....... 
- - - -

25 
-- WOODWARD CL YDE CONSULTANTS 

PROJECT NO. R6C85S4B 
,DATE 10-11-86 

RIG Barge 
WATER El. 6.1'-,~'r 

-
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-
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-

-

-


-
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BORING LOG 
• 2' 2SHEET OF 

NEW BEDFORD SUPERFUND SITE R6c8554BPROJECT NAME PROJECT NO. 

DATE 10-11-86 
BW-12 IPROJECT LOCATION __...:N~e;:.:w.:....:;B~e:.:::d:.:.f~o.:..r~d.l..'..:.M~a;:.;;s:..;;s:.a.'______ BargeRIG 

,,'-"1-'_____.--1 LOGGED BY L. Gi annas i DRILLED By--.;r,~,Z..:;A~_____ E1. 6. 1 ± AT'WATER 

URFACE ELEVATION 2. 1 EL.EVATION DATUM MLW 

SAMPLE SPECIAL NOTES ANDIDEPTH DESCRIPTION U.S.C. 

TYPE 
 RESISTREC FIELD OBSERVATIONS-25 18 All uvi urnLoose to dense, gray, poorly graded, S i 1ty SM5SS 18 6 r- SAND  -I 

5 
f  - -

I 
.. 

f- - -
-

• 
ill  r -I 

to- - -30 2.1 18 2 ~ - SS -18I 4 
BOTTOM OF BORING --.1 

31.5'I -
.1 


- ---I 

---.,..,r 
- --I 

.,1  - --
I - ---

.1  r-  -
I 

~. - --
"1 

I-  --I 
r--  --1111 

I - I- 
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-

I-  --
r--  -
I-  -t 

-


r--  --t 
l-  -'-.II 
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BORING LOG -SHEET ___ OF 1 
PROJECT NAME _______________________________________________________NEW BEDFORD SUPERFUND SITE 

BL-5 PROJECT LOCATION Ne\ol Bedford J Mass 
LOGGED BY A. Br i I I i nge r DRILLED BY_.....;G:.:.:Z::.:A~_______ 

RFACE ELEVATION 10. 1 ELEVATION DATUM _____..I.M...L..IW:&.....________ 

SAMPLE SPECIAL NOTES ANDDEPTH DESCRIPTION U.S.C.
RESISTTYPE REC FIELD OBSERVATIONS 

0 5 Black SILT, CLAY and Brick fragments Boring advanced withSM 18- SS 
23 

13 
I- Becominq brown to black, Doorly graded,  3-3/4" augers and 24 Silty SAND with Clay, G rave I and brick a 1-3/8" lOSS Samp27I- fragments  ler with a 140 lb. 

hammer dropping 30 
f-  inches -

, 
Fi II -
Augers grinding at 

20 f- 

-
3-3.5' . -

) Dense, brown, poorly graded, Silty SAND SH Alluvium
0 21 with shells- 5S I-  -21E ~Water Enters ATD

15 
f-  -
f-  --
I-  --

:~ 5 Loose to dense, green-graY,SILT with Gravel AI I uvi urn '-,ML24 7- SS I- and Sand  -R" 7 

10 
 I-  -

f-  -
f- 

-

--

.;:, I--" Becoming dense, poorly graded, Si I ty SAND
624 SHS5 -1 1 I- - 24 

15 - -21 f-

I-  --
-f- -

f-- Becom i ng loose to dense - Hole augered to' - .1 4 
20' ; sampled to21 10SS f-  22' ~ - 11 


15 

24 

I- -
BOTTOM OF BORING 

22.0'I- -
~I 

-I- -
25 

WOOOWARD·Cl rDE CONSULTANTS'- "-

PROJECT NO. R6C8554B 

DATE 10-27-86 

RIG Acker 82 
WATER ENTERS E I. 3. 6 """ "f[ 

-
-

• 


-

.. 

-

• 


• 

• 

• 

• 


-

.. 

.. 

.. 

.. 




- -

- -

--
--

--

2 
BORING LOG 

"EET ___Of 

• PAO.I£CT NAME NEW BEDFORD SUPERFUND SITE .-..eJECT NO. R6C8554B 
DATE 10-10-86 

pW-4 P.-eJECT LOCATION New Bedford: Mass: ~G Barge 
LOGGED IY C. Bohn DftILLED IY__....:G::,:Z:,:;A:..-__ .ATE~ El. 4.8± AT 

2.3 ELEVATION DATUM ____j;I,jMI...IJL-__
SURFACE ELEVATION 

-

-

-

• 

.. 

• 


• 

• 


SP£CIAL NOTES ANOSAMPLEDEPTH U.S.C.DUC"IPTION 
"ELD oeSERVATIa..SRESISTRECTYPE0 
Probe 60nsists of 

J 
P -

-
-

- AW Rods with flat 
'-3/8" tip pushed 

.. 
.. until resistance - is encountered & 

then driven with a
3 

.. 
-

140 lb. hammer fall 

- ing 30 inches. -
5 


5  -
10 

-
OVM Reading ~ 2.5' 

I on rods =" 1ppm -
20 


I --- 24 
I"'" --- 26 

- I --
30 


10 ---35 
-- 35 
---- 37 
--- -40 

---
43

15_ --" 
51 --
63 -~ --
65 -~ --
60 -I- -
53 -~20 -
50 --
53  ---
49 ----
52 ---- 58 

-
25 

WOODWUD Cl YDE CDlSUlTAITS 



--
- -

--

25 

BORING LOG 
IM!tT 2 OF , 

lilt 

P~CT NAME NEW BEDFORP SUPERFUNP SITE "'ColleT NO. 86c85S4B 
DATE IC-IC-ag

pw-4 PROoIECT LOCATION New Bedford. MaU· IIIG Barge 

SU"'ACE ELEVATION 

LOGGED I'f 

2,3 
C, Boba 

ELEVATION 

GZA 

MLW 
OIIILLID I'f____~:r..-__ 

DATUIII ____:.:.=.:::....__ 
WATEit EI. 4."',-

DEPTH SAMPleE 

TYPE 
 RESISTREe 

-
· 

-

· 


30

-
-
-

· 


35

-
-

-

-


-
-
-

-

-


-
-

-

-

-


U.S.c.DESCltI'TION 

61 . ~ 

64 
~ -

66 
~ -

63 
~ -

58 
~ -
~ -

--
~ -
I- 
t-- 
.- 
~ -
to- 
to- 
~ -
t- 
t- -
I- 
to- 
f-  -
~ -
to- 
to- 

-~ 

.-
SPECIAL NOTES AND 

FIELD OISERVATIOICS 

r 
-r 


-
t-

BOTTOM OF PROBE 
30.0' 

-
I 

-

~ 

-
- • 
- .. 
-

-
•-
-
• 
-
-


-
-

- .. 


'--- WOOOWUD CL TDE CDUULTAIU 

-

• 




•• 

•• 

•• 

--

.1 

BORING LOG
• SHEET OF , 

NEW BEDFORD SUPERFUND SITE PROJECT NO. 86CFl5548PROJECT NAME 

pw-6 

SURFACE ELEVATION- SAMp\'E 
TYPE 

DEPTH 
REe0 .. -

-.. 
-
-

5_ 

-
-
-
-

10 _ 

-

-

-.. 
-

15

-
-

-

-

20

-
-

-
c 

-
25 

DATE 10-10-86 
PROJECT LOCATION New Bedford. Mass. RIO 8aroe 
LOGGED BY c. Bohn DRILLED 1l'__G~Z;:.A.:-____ WATER EJ, 7,6:!: ATe 
2.1 ELEVATION DATUM ___M_L_W_____ 

DESCRIPTION uS.e. 
RESIST 

P 

- -
- -
- -
- -• 

-~ 

-~ 

-~ 

I  -
,It I  -
2~ -~ 

32 
~ ~ 

38 
- -

30 

- -
37 

- -
37 --40 

I  -
40 -I

38 
I  -

46 
- -

57 - -
40 

- -
38 -I 
41 

I  -
47 

- -
60 

WOODWAIIO Cl YDE caMSUl TUTS 

SPECIAL NOTES AND 
FIELD OBSERVATIONS 

Probe consists of 
AW rods with flat 
1-3/8" tips pushed 
unt i I resistance 
is encountered & 
then driven with a
140 lb. hammer 
falling 30 inches . 

-
-
-

OVM Read i nq ,~ -1t feet on rods 
= 3.3ppm -

-

-

-
-

-


-
-
-

-
-

-
-

-

-
-



BORING LOG 
..lET 2 OF 2 •

NEW BEDFORD SUPERFUND SITE 	 MOJICT NO. 86C8554BPRQ.I£CT NAME 
DAT! 10-10-86 

PW-6 	 PROJECT LOCATION New Bedford, Hass, ItIG Barse 
LOGGED IV C, Bohn DRILLO IY___GZ:;,A.;...____ WATER ll:....L 

SURFACE ELEVATION 2. 1 ELEVATION ' ....____ "-DATUII __--.M....W 

DEPTH SAMP!.E U.S.C.DESCRlttTION 
RESISTRECTYPE 

25 
58 

~ --
40 

~ --
54 

~ --
42 

~ --
65 

10 -30

~ --
... --

-- -
---

35_ --
I-	 -
~ --

---
I-	 -
~ --

-~ -
-~ -

SttECIAL NOTES AND -,
FIELD OISERVATIONS 

J 
1 
lIP 

BOTTOM OF PROBE 1 
30.0' 

~ 
.--i-. 
1 
~ 

J 

1

-

1 
-


t-	 - -r 
t-	 -
10-	  --r 


-

~ -- r -
I-	 -
t-	 - j

: 
I-	 -

• 
WOODWUD CLYDE CDISULTun-



BORING LOG 
SHEET OF• 1 

NEW BEDFORD SUPERFUND SITE 1tA0JECT 	 86C85S4B 
10-27-86 

PROJECT NAME 	 NO. 

Probe Hole/PL-1 	 DATE 

PROJECT LOCATION New Bedford! Mass. 	 RIO Acker 82
Soccer Field 

LOGGED B'I' A. 	 Brill i noe r DRILI.£D !Y___--liIAC'--__GZA WATER ENTERS
25 9.5 	 DATU.. MLWELEVATION _________ Not MeasuredSuRFACE ELEVATION 

SAMPLEDEPTH 

-

... 


• 


• 


TYPE0 

-

-

-

-


5_ 

-

-

-

-


10_ 

-

-

-

-


15

-

-

-

-

20_ 

-
-
-

-


REe 

17 
~ 

21 
~ 

19 
~ 

22 
~ 

18 
1-

25 
~ 

25 
~ 

18 
~ 

19 
~ 

23 
~ 

30 
P

27 
r

32 
r

29 
I

28 
1--' 

37 
~ 

31 
f 

34 
I

35 
I-

DESCRIPTION 

. 

US.C. 

-
-
-
-
• 
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-

I- -
~ -
I-

I-

I 

-
-
-

RESIST 
SPECIAl. NOTES ANO 

FIEl.D oeSERVATIC*S 

Probe consists of 
AW rod s wit h f 1 at 
1-3/8" tips pushed 
unt i 1 resistance 
encountered and 
then driven with 
a 140 1 b. hammer 
falling 30 inches.

-
-

-
-

-
-
-

-

-

-

-
-
-
-

BOTTOM OF PROBE 

19.0' 

-
-
-

-

• 
 Wo ODWUD·Cl TDE COli su LTllITS'-- 



- -

BORING LOG 
SHEET OF 1 •NEW BEDFORD SUPERFUND SITE PROJECT 86C855ljBPROJECT NAME NO. 

DATE 1Q-6-6Q 
PL-2 IPROJECT LOCATION New Bedford. Mass. RIG Acker r 

LOGGED BY' C. Bohn DRILLED BY GZA WATER ENTERS -E1. 19.80 _ELEVATION DATUM l::1LW Not Measured "" URFACE ELEVATION .. 
SAMPLE SPECIAL NOTES ANDIDEPTH DESCRIPTION U.S.C. 

RESIST FIELD OBSERVATIONSr RECTYPE 
0 Probe consists of

7 AW rods wi th fl at ~ f- - 1-3/8" tips pushedI 14 unt i I resistanceI- -
is encountered & •

I 
10 then driven with...  -

a 140 lb. hammer8 
falling 30 inches.I- 

~Water Enters ATD9I
S-


f - -

6 •I ---I 4 
I- -

8 -
f-  -I 

9 
f- - •

7 !110  --
12 .......... 
...  --I 36 

f-  ·•-
79, 

Boring stopped when-
126 resistance reached 

100 blows ~er footaf- - 100 
BOTTOM OF PROBEb" 

f-  14.5 I 'i5

-•r- - II 
-, 

I- -
I •-I 

II- -
-

I 
I- -

JI-- - ,I- -I -
I- -
I-  lI 

""-", 
l -- ,

I 
WDDDWARD·CLYDE COIISUlTlIITS-



II 

BORING LOG
• 

NEW BEDFORD SUPERFUND SITE
PROJECT NAME 

PO-I 	 PROJECT LOCATION New Bedford, Mass. 
I.OGGED BY A. Bri II inger DRILLED .y_..;r,.:.:,Z~A;.....____ 

+ 1 • 1 ELEVATION DATUM ___M_L_W_____
SURFACE ELEVATION 

SHEET OF~___ 

PROJECT NO. 86C~554B 1 

DATE 10-31-86 
"10 Barge 
WATER EJ. 3.0! ATe 

SAMPLE 

TYPE 
 RESISTREC0 

~ 

.. · 	 ~ 

· 	 I

• · 	 I

5 I--

I-
i-

I 

t · 

• 	 lQ... I--

I-
~ -
~ 

-

15_ -
II1II 

t -
~ -• 
t -


-
 t• 
20_ 

~ .. 	 ~ -

-
 f

• - -

t-

'---

DEPTH 

- Push 31 
Tube 51 

20SS 21+ 

-
-

P 

2 
3 

5 
6 

DESCRIPTION 

Loose, dark brown, well-graded Silty 
SAND w/Gravel and Clay 

Becoming Silty SAND 

WOODWAIID CL TDE CUSULniTS 

SPECIAl. NOTES 	 ANDU.S.C. 
FIELD OISERVATIOtCs 

SW Push samole is wi th 

- SM a 3-inch dia. tube_ 
pushed by 200 lbs. 

- into the first 5 _ 
feet of material . 

- Alluvium -
-

Sol it-Spoon Samoles 
obtained by drivin~ 

-
with 141)-lb. hammer 

, dropoing 30 inch~ 
SM or pushed manual Iv 

--
-

BOTTO'" OF BORING - 7.0' 
--

--
--

- I -
- -

-
-

-
-

--
--
-

-
-

-

--
NOTE: A Vanveen - samole was ob- 
tained 0-6" 

--
-

-


-
-

25 



--

- -

- -

BORING LOG 
IIHEET OF • 

NEW BEDFORD SUPERFUND SITE PROJECT NO. 86C8551~BlPROJECT NAME 
DATE 10-31-86 

New Bedford. Hass. BargePO - 2 PROJECT LOCATION "'0 
LOGGED BY A. B r ill i nge r o..ILUD BY GZA WATE" EI 3 , D 
+1.1 HLWELEVATION DATUMSURFACE ELEVATION .. 

SPECIAL NOTES ANOSAMp\'E U.S.C.DESCRIPTION FIELD OBSERVATIONSRESIST 
Push Tube Sample 

RECTYPE 

HL 
is with 3-inch dia'f 

Loose. black. organic. Sandy. Clayey SILT 
~ w/shell fragments  tube pushed by 200

31 911Push lbs. into the firsL;P ..Tube ""S' - five feet of 
materia I. 

~ -
Alluvium -r 

- Split Spoon Samp I es .-- obtained by drivino"". 
5 with 140-lb. ha~ 

dropping 30 inchesOHFi rm. dark gray. highly plastic ORGANICS24 or pushed manual ly_P- SS ~ with Sand and Clay -R" • 
-- BOTTOM OF BORINr. 

- 7.0''- 
~ ---

10_ 
f-  - • 

-
-
 ~. 


~ 

-
-

'- -
-•.. -

15 -- - -
-•..; ~ -


-
 -- -•--- -
--- - • 

2L ---
~ -- NOTE, A voovee- - 

sample was ob
~ -- tained 0-6" l

l -- -
..,I -

25 .J ... 

WOOOWUD·CL TDE CDUUL UITS 

OEPTH 
0 

-
-
-

.."  .. 
• 



- -

0 

BORING LOG 

• SHEET OF __I__ 

-

.. 

.. 

• 


• 


• 
• 
• 
• 

PROJECT NAME NEW BEDFORD SUPERFUND SITE ",OJECT NO, 86C8554Bl 
DATE 10- 31 - 86 

PO - 3 PROJECT LOCATION ___Ne_w_B_e_d_f_o_rd~,_"_a_s_s_,______ RIO Barge 
LOGGED 8Y A, Bri 11 inger DRILUD IY....,;:G=ZA~_____ WATER El, 3,6: ATe 

SURFACE ELEVATION 
0,6 ELEVATION DATUM __"_L_W______ 

DEPTH SAMp\"E 
TYPE 

SPECIAL NOTES ANDus,e.DESCRIPTION FIELD OISERVATIa..SRESISTREC 
Push Tube SampleLoose, black, organic, Silty SAND w/clay S" - is with 3-inch dia,_ 

~- tube pushed by 200 
4'11' Ibs. Into the fi rst;..

~P --~~~: 5' five feet of 
material. -- All uvium 

--- -
5 ~ -

BOTIOM OF BORINr. 
~ - S.O' -
~ ---
~ ---
~ ---

10_ ---
~ ---

- I --
I-  --
...  --

IS_ ---
~ - --
...  --
I-  --

-I- -
20- I- --

-- NOTE: A Vanveen - sample was ob
tained 0-6" -I- 

-

-

I-  -
~ ---

25 
WOOOWUD·CL YDt CDUUL Ulrs-

.. 




-------------------

-
-

--

--
--

-
-

--

--
--
--

BORING LOG 
SHEET OF__I~_ -

NEW BEDFORD SUPERFUND SITE MOJ£CT NO. 86C855481PROJECT NAME 
DATE 10-31-86 

1. PO - It \ PROJECT LOCATION New Bedford, Mass. RIO Barge 
_L._______~ L.OGGED I!IY A. Bri II inger DRILLED IY...;;,G;:;ZA~_____ WATE" E I. 3. ~rI ~ .. 

+0.3 ELEVATION DATUM __M_L;..W_____
SURFACE EL.EVATION 

SPECIAL. NOTES AND 1DEPTH SAMPLE U.S.C.DESCRIPTION FIELD OISERVATIONSRESISTTYPE REC0 
Push Tube SampleSP-Loose, black to light gray, poorly-graded 
is with 3-inch dia.-rSM~ Clayey, Silty SAND - Push 4'9" tube pushed by 200SCP _ Tube -sr- Ibs. into the fi rst.. ~ - five feet of 
materi a I.- " - Alluvium 

~- -- MLLoose, light gray SILT with Sand -i5 
~ 

BOnOH OF BORINr. 
5.0' J -- -

- - . 
-
-

10
-

-
-
-

15 

-
-
-
-

20_ 

-

-

-

-

25 
'----
Ih 

~ -
I -

--
I -

--
~ 

I- -
I- -
I- -
I- 
~ 

I- -
I- -
I- -
I- -

NOTE: 
sample 
tained 

t 

~ 

~ 

-

-


--• -

-
• 
-

A Vanveen_ 
was ob
0-6" 

---
- .. 

WOOOWlIO CllDt CO nULTun 
.•.- -


• 




BORING LOG 
SMEET OF __I __

• NEW BEDFORD SUPERFUND SITE PROJECT NO. 86C8554S1PROJECT NAME 

-

• 


• 


• 


• 

• 

• 

.. 


DATE 11-1-86 

PO - 5 PROJECT LOCATION New Bedford! Mass. RIG Barge 
LOGGED BY C. Bohn OIItILLED IY~G:.:ZA~_____ WATER EI. 2.5~ ATD 

SURFACE ELEVATION 
1.4 ELEVATION DATUM __M...L;.W______ 

DEPTH SAMPLE SPECIAL HOTES ANDU.S.C.DESCRIPTION FIELD OBSERVATIOtICSRESISTRECTYPE0 Push Tube Sample
SP-Loose. black, poorly-graded Silty SAND is with 3-inch dia.__ Push 1'8" P I- - SM tube pushed by 200Tube -sr 

Ibs. into the fi rst..--- five feet of 

- mater i a I. -- -
Alluvium 

----
5 

~ -
-

BOnOH OF SORING 
I 5.0' 
'- 

-
--


I-  --
--- -

10  ---
I-  --
~ ---

-~ --
-I- -

15_ ---
-~ --

~ ---
--- -
----

0  --
-

-
---

-
 NOTE: A Va'vee" ]
I - sample was ob

-
 tained 0-6" 

~ -

~ ~ --
25 i 

'--- WOODWAIID·Cl YDE COiSUlTAITS
I h 

• 




-

-- - -

- -

BORING LOG 
SHEET OF __I__ • 

NEW BEDFORD SUPERFUND SITE 	 ~JECT NO. R6C8S5461PROJECT NAME 
DATE 10-30-86 

PO - 6 	 PROJECT LOCATION New Bedford, Mass. IIIG Barge 
LOGGED 1'1' __C_._B_o_h_n___ ~ILLED IY....loJG..Z/;!,A_____ WATER EI. 3.~~rn 

SURFACE ELEVATION _..:l~."""S,--_____ELEVATION DATUM __H_L;.,W______ ----------. 
SPECIAL NOTES ANDDEPTH SAMPt..E U.S.C.DESCRIPTION FIELD OISERVATIOICSRESISTREC 

Push Tube Sample 
TYPE0 

HLLoose. black. Sandy. Clayey SILT Is with 3-inch dia_.. ~ - tube pushed by 200
Push ~'O" Ibs. into the firs ~P I-	 - Tube W five feet of -material. - AlluviumOHSoft, light gray, highly plastic ORGAN ICS - Split Spoon Samp les-I- with Silt and Clay obta i ned by d r i vine , -S with 140-lb. h a IT1ITI&f'~ - droppinq 30 inches24 ...P - SS or pushed manua II y.2li' -

I  --
18 ...P- SS I  -2li' -

~ 	 ... 
BOnOH OF BORINe;

10 •9.0' ---
...I  ,,--.-

-I-	 -
... I  - - .. 

---
IS - • 

-~ --
... -- - • 
... ---
... - •--

20_ -~ -
- •--- NOTE: A Var'l ·:ee n 

sample was ob --- - tained 0-6" 

- --

.... 
 ---

25 
I.....-	 WOODWUD·CL TOE CDISUL TAITS 
Ih -

• 



____ _ 

BORING LOG.. SHEET OF ______ 

NEW BEDFORD SUPERFUND SITE ",OJECT NO. 86CR554BlPROJECT NAME 
DATE 11-1-86 

PROJECT LOCATION ewIlll...lBOI.IIe dlo.Lf""Qu;;r~d....""'H;waI,.;;51o.:15______ RIG Barge__.IlIN... ....PO - 7 
L.OGGED BV C. Bohn OAILLED IY_~G_ZA~____ WATER EI. 4,0: ATD 

SURFACE EL.EVATION _..:0;,.;. • ..::,9______ELEVATION DATUM ___H_L_W- DEPTH SAMp\"E 
TYPE REC0 

• - Push 

- Tube 

--
... 

5 

- SS.. 
.. - S5 

10
-
-
-

-


15-
-

-.. -


20_ 

-• 
-.. . 

-
25 

'------

Ih"..,I
• 

.. 

U.S.C, 
RESIST 

Loose, black, poorly-graded SAND wi Si It 

DESCRIPTION 

SP 

to- 2'10' 
5'0" P 

to- 
t- 
~ -

SHLoose, I ight gray, Si Ity SANDP 
~ -2l+ 

to- - SH'·P Becoming poorly graded - 5P21t 2 t 
4 

~ -
to- -
~ -
~ -
~ -
~ -
~ -
t- 
~ -

. 
~ 


~ 
 -
r-- 
~ -
~ -

--
-~ 

WOODWAIID·CL TOE COISUlTAlrs 

SP[CIAL NOTES AND 
FIELD OBSERVATlo..S 

Push Tube Sample 
is with 3-inch dia_ 
tube pushed by 200 
lbs. Into the fi rst.. 
five feet of 
mated a 1. -
All uvium 

-
Split Spoon Samoles 
obtained by drivi~ 
with 140-lb. hammer 
drooping 30 inches _ 
or pushed manually. 

All uvi um 
-


BOTTOM OF BORING 
9.0' 

-
-

-
-

-
-
-
-
-

-

-

NOTE: 
samole 
tained 

A Van'/e~ - Jwas ob
0-6" 

I 
I..., 



- -

--

BORING LOG 
IHEET OF I -

NEW BEDFORD SUPERFUND SITE ",OJECT NO. 86cRS54B 1 PROJECT NAME 
DATE 10-30-86 

PROJECT LOCATION ___N;.;.;e::;,;w.;...;;B;.;:e;.;:d.;.f~o;..;rd::.o'I.,.;.";.:a_s_s_.______ RIG BargePO - 8 
LOGGED BY C. Bohn DRILLED IY_.;::.G~ZA~____ WATER EI. 4. 0,.... _ 0 

SURFACE ELEVATION _...;1~.-=8___--_ELEVATION DATUM ___"_L_W_____ -
-

SPECIAL NOTES ANDDEPTH SAMPLE US.C.DESCRIPTION FIELD oaSERVATIOtCsRESISTRECTYPE0 Push Tube SampleHLLoose, blac:k, Sandy, Clayey SILT -
 is with 3-inc:h dia. 
... tube pushed by 200-Push 2'10' P Ibs. into the first~ _ Tube 5'0" ~ - five feet of 

material. ~ 


I-  -- All uviumLoose, light gray. Sandy SILT to Silty SAND "L 
I- - SH -- IR 

5 --
BOTTOM OF BORINr, 

'""! -- 5.0'-
I-  --

-- ~ --
----

10_ - •--
-- - '--'. 

~~ --
r- - -

-•l- -
15_ - •  - .. 

-r- -
r- - -.. 

--- -
-..-

20  --
NOTE: A Vanveen -..~ -- sample was ob

- tained 0-6" -I -
-- -

--- -
25 -
'--- WOOOWUO·CL TOE CUSULTIlTS 

Ih ... 
..:,. 



- -
- -

- -

•• 

BORING LOG 
SHEET OF~~___• 

NEW BEDFORD SUPERFUND SITE PROJECT NO. 86c8SS4BlPROJECT NAME 

-

-

.. 

• 


• 

• 


• 

.. 

.. 

iI 

• 

-


DATE 11-1-86 
PROJECT LDCATION __N_e_w_B_e_d_fo_rd_,~H_a_s_s...._____ RIO BargePO - 9 
LOGGED BY C. Bohn DRILLED IY_~GZ~A~____ WATER ·FJ 3 Q!: AID 

1 .4 ELEVATION DATUM ___M_L_W_____
SURFACE ELEVATION 

DEPTH 
RESIST 

SPECIAL NOTES ANDSAMp\'E U.S.C. 

TYPE 


DESCRIPTION 
FIELD OISERVATIONSREC

0 PUSh Tube Sample
SP-Loose, black to dark gray, poorly-graded is with 3-inch dia.- SMI- Silty SAND w/shells  tube pushed by 200

4 1 61Push Ibs. into the first 
- Tube 

PW five feet of 
material. -- Alluvium 

~ - --
5 

~ -
BOTTOM OF BORINr.--- 5.0' -

I  --

-


-
---
--

10_ ...... --
- I --

~ ---
~ - --
~ ---

15_ - --
~ ---
~ ---
~ ---

----
20 ---

NOTE: VanveenA 
sample was ob- ~ --
tained 0-6" 

-, I-  -
~ ---

- I --
25 
"--- WOOOWAIIO·Cl TOE COISUlTAITS
Ih 

I .:) 



- -

--

5 

BORING LOG 
..EIT OF__'_......-. 

NEW BEDFORD SUPERFUND SITE "'C)oIICT NO. R6c8554B 1p~CT NAME 
DATt 1 1 - I - 86 

PIltOJECT LOCATION New Bedfgrd Ha:;:;. IIIG BargePO - 10 
LOGGED IV C. Bohn DRILLED IV GZA WATEIt EI. 6 T _.............._--
1.8 ELEVATION D&TU" __...;H~L:.::W:-.____ '-SURFACE ELEVATION 

DEPTH SAMPLE 
T'f'PE 

SPECIAL NOTES ANO lDESCRIPTION ILI.C. 
REC FIELO oeSEAVATloe.SRESIST 

Push Tube Samole- SPLoose, black, poorly-graded SAND wlsi It 
is with 3-inch dia'j-4'3" tube pushed by 200P5"Qrr Ibs. into the firs-- five feet of ,materi a I.~ -

Alluvium 
~ -

Solit Spoon samp~ 
obtained by driv' 
with 140-lb. hamme~SMLoose, light gray, Silty SAND13 P dropping 30 inchesII;" 
or pushed manuallv:r--

18 P -II;" - ,
-- BOTTOM OF BORING I 

9.0' -,--
--

a 

-Push 
_ Tube 

-

-

- SS 

- SS 

'Q.... 

-

-~ - 'I' 

i- -
- II- -

15 -~ --" 
i- - l .
i- -

-- ~-
-- -

22 ~--
i- - NOTE: A Va!1':ee-. 

sample was ob- J-- - tained 0-6" --- J -
25 - .. 

i.-- WOODWUD CLYDE CDUUl niTS 
Ih 

-

• 




BORING LOG 
.. ..EET ()fr_-..:..__ 

PAOJECT NAME NEW BEDfORD 5uPgBEuND SITg ~JICT NO. 86cR~54B 1 
DATE 11-1-86 

PD - 11 PftOJECT LOCATION New Bedford, Mass. RIG Barqe 
LOGGED BY C. Bohn DRILLED BY __r.;,:Z;:.:A_____ WATER E1. 7 FAT 
2.7 ELEVATION DATUIII __...;M.;,:L:,;;W;.-.____

SURFACE ELEVATION 

SPECIAL NOTES ANO- DEPTH SAMPl.E U.S.C.DESCRIPTION 
FIELD OISERVATIOIISRESISTRECTYPE0 

-Push 31 3" - _ Tube 51 0" 

• -

-
.. 5 


24
- S5 21+ 

24 
- 5S 21f 

.. 
 10_ 


-

-

-

-• 

15

• -
-



-
20_ 

-• -

-

-


25 
'--- WOOOWUD·Cl TIE CDISUl WITS 

I h 

II 

Push Tube Sample SMLoose, dark gray to black, Silty SAND 
is with 3-inch dia_~ -
tube pushed by 200P 
Ibs. into the first.-- five feet of 

- materi a I. -
Alluvium 

---
-

Spl it Spoon Samples 
obtained by drivi~ ~ 
with 140-lb. hammer 

P I droppinq 30 inches _ -
or pushed manually. 

2 ~ --
3 

4 ~ --
5 

~ -
BOTTOM Of BORINr, 

- 9.0' -
-~ -

~ --
-~ -

~ -
....... 

-
--
--~ 

..... -
-
-

--
---

~ --
-~ -

NOTE: A Varwee~ 
~ -- sample was ob

tained 0-6" -~ -
--f



---

BORING LOG 

..EET OF 3 -PROJECT NAME NEW BEDFORD SUPERFUND SITE IIROJICT NO. 86C8224Bl 
DATE 10-29-86 

PD-12 PftOJECT LOCATION New 
LOGGED IV C. Bohn 

Bedford, Hass. 
DRILLED IY___=--____GZA 

IIG 
WATEI 

Barqe 
E1. 6.· 

SURFACE ELEVATION 
2.4 ELEVATION HLWDATU" __~.:.:;..____ .........-

OVM SPECIAL NOTES ANDSAMPLEDEPTH DESCIIPTION u.S.C. 
FIELD OISERVATIONSREADINr.RESISTRECTYPE

0 I
OLSoft, dark ray and black, low Boring Adva~ced byOn

7 p I- plastic ORG NICS with Clay, Silt Sampler-" ss driving a 3-inch :r2lf and Sand dia. casing in 5- 0.8pp~
I foot sections, thenOnWith shel I fragments wash bori~g & ad- Sampler_ 

vancing 1-3/8 inch Jr- SS 11 • 2ppmp lOSS Sampler with 
AW rods with a 140 

24 

G ~ 
~ lb. hammer droppingSP-OnLoose, dark gray, poorly graded2

12 Sampler SMSAND to Silty SAND 30 inches or PUSh~5- SS 1 -2lf <A norma Ily3 

Loose to dense, brown, well 
 AlluviumSW~. 

-
C, 13 graded SANDSS ~ -2lf 3 f7 --9 - On 


12 
 Sampler_6 .,-- SS - <A 

10 


24 7 

11.1' -SM& Dense, brown, Silty SAND9 
12 / r 
24 

~ -- SS 12 
20 

~ -13 '--. 
15 

- i - ~ 
-- - •On -Sampler'"1'-.. 18r:, <A24 SP-Becoming poorly graded SAND to22- SS - SM24 - Silty SAND -•

~O 

31 ~ 
 --

- .. 
~ --

--- - ..--2\I - OnG 24 4 Samp' ec..- SS -24 6  <A
8 


10  - 1
- 1_--

~--- I 
l 

, .wooowno Cl OE COISUlTilTS-

:.



3 
BORING LOG 

IH£ET 2 C)Ir

• pROJECT NAME NEW BEDFORD SUPERfUND SITE PRO..ECT NO. 86c8554Bl 
DAn ___",,"1Q~-29-;;.;;8~6:..-.... 
RIG ____-:::.Ba~r~9~e~__( PO-12 IP~ECT ~T~ __~N."~d~Bwe~d~£~Q~rd~;~Haa.$$~.-------------L-------.... LOGGED IV Bghn WATER 6.4 ± A-C. DRILLED 1Y_...IGil,jZ""A~______ El. 

SURFACE ELEVATION _..:2:.;. • ..:.4___--ELEYATION DATUII __-i:I.M&.I1WL-____ 

-

-

.. 


• 


III. 

• 


II. 


.. 


DEPTH SAMPlE DESCRIPTION u.S.C. WCIAl NOTES A",O 
TYPE REC RESIST FIELD OBSERVATIONS 

25 (;, 3 SAME: Dense, light brown to lIght SP Alluvi um24 
gray, 

. SS V; 5 I  poorly graded SAND to Silty SAND · SH -
6 

8 ~ · -
- ~ - -
. ~ - -

I- B • - -
30 G 9 7 

ecomlng Silty SAND SH 

- SS 21f 10 t  · -
12 
9~ - -

- ~ - -
- t  - -

35 -
G 4 21 Dense, tan, well graded SAND with Silt SW Alluvium 

- SS 21f 10 ~ - -
11 

12 t  - -
- I  - -
- I - -

~ - -
40 f.? 6 23 - SS 21f 14 I  - -

14 
22 I  - -

- ~ · -
--

Dense to very dense, Ijght brown, poorly SP - All uvium 

45 
I-  graded SAND to S i 1 ty SAND .- SM -

G 24 

- SS 5 12 I  - -
21f 6 

9 I  - -

- ~ - -

- to - -
51'\ 

'--  wooow..OCl YDE COUUlTllrs• 


http:i:I.M&.I1


BORING LOG 
..EET l ()If 3 • 

p~CT NAME NEW BEDFORD SUPERFYNQ ~II~ "'CoIEeT NO. 86c8554B1 
DATE 10-29-86 

New Bedford Mass.PD-12 ItltOoIECT LOCATION z RIG Barge1 c. Bohn DRILUD BY G~A WATER E 1. LOGGfO IV 6) ...... 
2.4 ELEVATION DATUMSURFACE ELEVATION tllW 

•OVH SPECIAL NOTES AHDDEPTH SAMPLE US-C.DESCRIItTION 
FIELD OISERVATIONS 1READINGRECTYPE "ESIST 

50 GP- Alluvium18 Very dense. poorly graded GRAVEL1 . SP- SS 15 .. and SAND21+ 14 
23 .. -

BOTTOM OF BORING 
52.0'~ -- -1 

~ --
I-  - -T 

· 
55

~ -- .r · 
~ --

-~ -- Jt --
.... -60- I ... --
~ -- ~ 
~ ---
~ -'- r 
~ - -65

~ - -r-
-~ - -r 

~ --
t -- Jt- -7rr

-I- T--I-
-~ - -r -.... --

,75 -
'--- wooowno CLYDE CDUUlTIlTS 

-

• 




• 
·BORING LOG 

SHEET OF 1 
PROJECT NAME _-..:.N.;.:E;.;,;W~B;;;.;ED;..;F...;O;.;.R:.;.D....;;.S..;..UP...;E;;;,;R.;.;.F...;U;.;.;N;.;;.D_S_'T;..;E~_____________ 

GZA 
PD-13 IPROJECT LOCATION New Bedford Mass· 

lIt.......~/~-----~ LOGGED BY' C. Bohn DRILL'ED BY __~_____ 

PROJECT 

DATE 

RIG 

WATER 

NO. 86c8554Bl 

10-2~-86 
Bar~e 
El. 8.5± AT 

_ ,URFACE ELEVATION 3 .0 ELEVATION MLWDATUM __-.-;..-;.;._____ 

.. 


.. 

• 


• 


• 

.. 


... 


.. 


.. 

iii 

• 

.
.. 


'DEPTH SAMPLE DESCRIPTION OVM u.s.c. SPECIAL NOTES AND 
r TYPE REC RESIST READINGS FIELD OBSERVATIONS 

0 OnSoft, black, low to highly OL- Boring Advanced 10 Samp 1er_

I - SS 2Zi" P r plastic Clayey ORGANIC SILT OH by driving a 3" -<A dia. casing in 5 
r- On - foot sections and -

I 9 p With shell contents Samp I er_ advanci ng 1-3/8 II 

- SS 2li to lOSS Sampler with<A 
• a 140 lb. hammer 

~ - dropping 30 inches-

I 6 On or pushed manually
SS 2li P 

~ Becoming firm Sample~5 - A 1 I uvi um -
<A 

I I - -
18 

p 

- SS 2li 5 -
I 

18 Loose to dense, dark gray, On SP- All uvi um 
- poorly graded SAND to silty SAND Samp ler- SM -

6 
.. = 0.5ppn

SS 3- 21f 4 r - -I 

6 
6 f-  - -

SS 0 p

I - 2li I  - -
I""" - -

I - .... - -
- -

I 
- I""" 

-1::> 
SW4 19 Very dense, dark gray, we 11 

I - SS 24 26  graded SAND On - Refusa 1 -
54 

Sampler 
Bluw Count>lnn 

I  <A -50 BOTTOM OF BORING 

I . ..... - 17.0' -
- r - -

120 ro- - -
I - I""" - -

- I - -
., ..... - -

• - I""" - -
I 25 

" ., .WOOOWARO Cl rOE COIISULTANTS 



·BORING LOG -SHEET OF 2 

PROJECT NAME NEW BEDFORD SUPERFUND SITE PROJECT NO. - 86C8554 81 
DATE 10-28-86 

PD-14} PROJECT LOCATION New Bedford Mass.' RIG ___--=B;.;a:.;.r..;!9.;;e_ 
LOGGED BY C. Bohn DRILLED BY_...;G;,;lZ:.;.,A;.....____ WATER ,E 1. 7. 5~, n 

)URF'ACE ELEVATION 3.0 ELEVATION DATUM __-LMu"Lo!:!W:..-____ -
SPECIAL NOTES AND ISAMPLE\DEPTH DESCRIPTION, U.S.C. 


TYPE 
 RESIST FIELD OBSERVATIONSREC 
0 


9 
 Loose, dark 01 ille-black, highly On Bori ng AdvancedOHpI - SS 311 1Sampler by driving a 
amd Sand 

24 t- plastic ORGANIC Clay with Silt 
<A  dia. casing in 5 

t  foot sect i,ons, 

I 
then wash boring r 
and advancing 1- -Soft to firm, dark olive-gray, .OH 3/8" IDSS Sampler

highly plastic ORGANIC. Clay with

I 
~ - with AW rods with- Sand -ra 140 lb. hammerOn t-  dropp i ng 32": or 5 Sampler pushed manually.

I - SS 24 <A -P f-
All uvi um24 On 

f-

I -
Sampler

7 
 <A pss I -24 On 
Sampler_I-

I 
 <A.

8~ PSS Wi th She II fragments'"  -10 24 "-

On  --I Sampler12 p 
- SS <A f  -

I 
24 

-
SMLoose, black, poorly graded, All uvi um -- SPI- Silty SAND-I 

I--" -15 - ..
P24 All uv i umOn -I - SS Started drivingI- Loose to dense, gray, poorly24 GM3 Sampler CasingGP6 graded GRAVEL to Silty GRAVEL <A -I - ..5 

I  -I -
--

Dense, gray and multicolored GWI All uvi um 

20 
 - -I-- well graded GRAVEL with Sand' 


9

I  9 - -55 7 I 

24 
7 -I - ..9 

I - I -
'--I  ---I 

25 
WOODWARD·Cl YOE CONSULTANTS 

,

_'-1.-_ .. 



• 
PROJECT NAME NEW BEDFORD SUPERFUND 

·BORING 

SITE 

LOG 
SHEET 

PROJECT 

2 

NO. 

OF 2 

86c855 lfB 1 

PD-14 

,URFACE ELEVATION-
PROJECT LOCATION New Redford Mass,

) 

LOGGED BY C. Bohn DRILLED BY_...lG...Z,",A~____ 
3.0 ELEVATION DATUM __--'"MI.I.I..VlIW~____ 

DATE 

RIG 

WATER 

10-28-86 
Barqe 
EI. 7. 5± An 

SAMPLE OVA SPECIAL NOTES ANDDEP1H DESCRIPTION U,S.C.
REC RESISTTYPE leF'An I Nr,~ FIELD OBSERVATIONS 

25 
S Alluvium24 Dense. gray. S i 1 ty SAND - SM• On- SS 6 f -24 .. Sample 

<A 
6 
9 r -

, 
~ - - --

• 
I 

 - • 
Refusal to Blow -
Count> 100I ..- - -30 c SO- -t.-) 

0 
I -r,l BOTTOM OF BORING

I 
 1;' 
 -- - 30.0' 
- -- -•I  - --

--•I  -
-- --

I - . - -
-- --•I  -- -
- ---• I 

r--" --
•I 

40-

- I  - -
~.. 
 -
 -

I 
-

 - -'-: ..  ---
145 r-  ' -.. 

f  - --I 
f ---

I 

f  - --
WIll 

----
Iso 

.WOODWARD Cl YDE CONSULTANTS~"-
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·BORING LOG -SHEET ___ OF 2 


__ T.;;.E____________PROJECT NAME N_E_W_BE...:D...:F_O_R..;..D_S_U_P_E_R_FU.;..N.;.;D;.....;.S...;.'.... PROJECT NO. 86C8554B1 
DATE 10-27-86 

PD-15 PROJECT l.OCATION New Bedford, Mass. RIG Acker 8>: 
LOGGED BY A. Bri 11 inger ORILLED By_...:G~,Z;;.:;A~____ WATER ENTERS EI. 0.2_ A 
7.2 ELEVATION DATUM ___M_L_W_____SURFACE ELEVATION I 

, 

• 

-• 

• 
.. 

- .. 
.'. • 

IDEPTH SAMPLE SPECIAL NOTES ANDDESCRIPTION U.S.C.RESIST FIELD OBSERVATIONSi TYPE REC 
0 2 . 

SS 4
I - 24 7 .1-

6 
4 I-

I - f-

I - f-

5 I"-
3 

I - SS 12 1 f-
24 5 

10 f-

I - f-

I - I-

10 I--
1 

I ss 24 1- 24 1 
2 l-

I - I-

I - I-

-
-
-

15 4 

I 55 24 7- 24 I-
10 

12 I-

I - I-

I - I-

2u 
9 

I SS 19 11 I-- 24 7 
6 I-

I - ... 
- I-

12~ 

Loose to dense, dark gray, S i 1 ty SM 
SAND and leather scraps, Silt, brick chips; 
wood fibers 

• 

--
Wi th organics -

-
-
-
-

Loose, gray-green, poorly graded SAND wi th 5P 
S i 1 t -

-
-

Loose to dense, brown and dark gray, well SW 
graded SAND with Gravel, Clay and Silt -

-
-
-

Loose to dense, dark brown to brown, 5M 
Silty SAND -

-
-
-

WOODWARD·Cl YDE CONSULTANTS 

Fi 11 _TBoring Advanced 
with 3-3/4 11 augers 
& driving 1-3/811 -r 
lOSS Sampler with 
140 lb hammer -
dropping 30 inches~ 

Augers grinding @ 
3.5' - 4.0' -

JAll uvium 

~Wa ter Enters ATD-r 
}

Augers grinding @ 
8' - 8.5' 

~1*1 

-
A11 uv i um 

-
-

All uvi um 
- • -
-
-
-

--
Al1uvuim 

-
'",-, 



- -
- -

- -

- -

- -

·BORING LOG 
• SHEET 2 OF 2----

PROJECT NAME _-.:.:N~E.;.;.W...:;,;BE::.:D:;..;.F...;;O;.;.R;;:;D...:;,;SU::.:P...;E;;.;.R.;.;.F...;;U...;N.;;.D...:;,;S.;...IT;..;E~___~_________ PROJECT NO. 86c8554B1 

=, PD-15 
PROJECT LOCATION New Bedford, Mass .• 
LOGGED BY A. Bri 11 inger DRILLED By __G_Z_A_____ 

DATE __10_-_2-:-7-:&;.....;;;2...;.8~-8:-6_ 
Acker 82RIG _________ 

WATER ENTERS El. 0.2'! ATe 

,URFACE- ELEVATION 7.2 ELEVATION DATUM __-.;..M.;.;:L;.;.;W~____ 

SAMPLE SPECIAL NOTES AND(DEP1H DESCRIPTION U.S.C.
RESISTREC FIELD OBSERVATIONS-, 25 

-

TYPE 

Dense, green-gray, poorly graded SAND to SM- Alluvium3 

I 24 5 ~ 
Silty SAND - srss -zq 7 


8 ~ 
 - -
I - r - -

,
•  -I -8• 30 Becoming Silty SAND SMss 5 9 .-  -- 24 10 


11 

I .. 
I -

BOTTOM OF BORING 
r-  32.0· 
r-  -• -I 


-
 - --
I ~ - -

- --.. 
-


-I  r - -
•  - --I 

r--" --
I-  -•I 

- I  - -
r-  -•I -
I ---•I - -
-•I 

-


-
- -

- -. 

-
 --

• 
.", 

- -, --
I 

• 
~.- WOODWARD CLYDE CDIISULHilTS 



-BORING LOG 
1 2 •SHEET OF 

NEW BEDFORD SUPERFUND SITEPROJECT NAME PROJECT NO. 86c8554B1 

I DATE 10-28-86 
New Bedford, Mass. RIG fi:cker 8:PD-16 PROJECT LOCATION 

LOGGED BY A. Bri 11 inser ORILLED BY GZA WATER ENTERS '-' 
MLW •;URFACE ELEVATION a2 ELEVATION DATUM tlIct ~cted 

IDEPTH SAMPLE DESCRIPTION 
TYPE REC RESIST 

0 2 Dense. black, Silty SAND with some Clay 

I - ss 18 9 ~ and brick fragments, coa I, Slag and ash 
24 14 

18 ~ 

I - I-

I - I

5 1 Loose, black, poorly graded GRAVEL to 

I - SS 2 2 ~ S i 1 ty GRAVEL wi th Organ i cszq 1 
1 f-

I - I-

I - I

10 5 Loose to dense, brown, orange-brown and 

I SS 24 11 gray, poorly graded SAND to Silty SAND- 24 12 
l-

II 
'-

I - -

I - "

-15 SS 24 P 
Becoming poor 1 y graded 

I 4- zq -7 
-

I - r-

I - r

2v 8 
r--

I SS 15 7- 24 r11 
11-- I-

I - "

125 

- I

-  wooOWARO·ClYO TAUE CONSUL S 

-
-
-
-

-
-
-
-

-
-
-
-

-
-
-
-
-

-
-

-
-
-

U.S.C. SPECIAL NOTES AND 1 

FIELD OBSERVATIONS 

SM 

\ 

GP-
GM 

SP 
SM 

SP 

Fi II 
Boring AdvaBcedby 
3-3/4" Augers & 
1-3/8" SS Sampler 
with 140 lb. hammerr 

-[ 
dropping 30 inches_ 

-
Fill 

-
-
-

Augers grinding -
@9 ' -9.5' 

-
--

-
-

-
-
-
- -
-
-
-

"-" 
-
" 

- -'. 

-

• 


• 

• 

• 


• 


-

• 




-- --

- -

--

- -
- -

--

• 
·BORING LOG 

SHEET 2 OF 2 
PROJECT NAME ____N_EW__B_E_D_F_0_R_D_5_U_P_E_R_F_U_N_D_5_I_T_E_________________________ PROJECT NO. -.,;;;8,.;;,6,;;"C8....5""'5...4_B...;.1_ 

PD - 16 ) PROJECT LOCATION New Bed~ord, Mass. 
DATE 
RIG 

10-28-86 
Acker 82 

...",.1.'-------- LOGGED BY A. Bri] I ipger DRILLED BY_..:.Gil.:;Z..:..A:....._____ WATER ENTERS _____ 

.. 5URFACE ELEVATION 8 .2 ELEVATION MLWDATUM _________ 

SAMPLE SPECIAL NOTES ANDIDEPTH DESCRIPTION U.S.C.
RESISTREC FIELD OBSERVATIONSTYPE 

• 
'25 

Alluvium5 Loose to dense, brown. SILT with Sand ML -20

I - 5S 6 -  -2lf 11 
13 -  --

~I  - -
- ••  ~ -

I 
Boring augered to-

30 30 1, sampled to 3213 Loose to dense, brown, Silty SAND 
-

5M 
20 ~I - 55 3 -
2lf 6 


7 
 ~ -
BOTTOM OF BORING

I - 32.0 1 ~ -
• - I-  -I 

~,-

I , -- --
-

I 
-

I-  -
• - ~ - -

I 
~. -.. -

- --I 
- --


I 
.. 

-


-

-
• -

I 
~ --
I-  -
I- 

•I 

--
I- -. -.",J-

I-  -• -
I 

WOODWARD Cl fDE CONSULTANTS :. j.. - 



·BORING LOG • 
SHEET _1__ OF 2 

PROJECT NAME NEW BEDFORD SUPERFUND S JIE PROJECT NO. 86c8554B 1 

DATE 10-29-8 f 

PO - 17 PROJECT LOCATION New Bedford, Mass. RIG Ba rge ""

;URFACE ELEVATION 

LOGGED BY 

2.1 
C. Bohn 

ELEVATION 

DRILLED BY_.;;:.G:.ZA:..:._____ 

DATUM ____M;.;.L:::.;W~_____ 

WATER :EI. 5.6± Al

• 
IDEPTH SAMPLE DESCRIPTION U.S.C. SPECIAL NOTES AND 

TYPE REC RESIST FIELD OBSERVATIONS -I 
0 4 Loose, black, highly plastic ORGANIC ,Clay OH Bor i ng Advanced I

I SS P - 24 f with Silt and Sand - by driving a 'di a.

casing in 5 foot -r 
I - sections, then 

I 12 wash boring & ad

- SS "Z4 P f - vancing 1-3/8" -• lOSS Sampler with -r-
I - - AW rods with a 

9 140 lb. hammer 

5- SS 24 P - - dropping or pushe-d- l-

I 
manually 
All uvi um -

SS 
4 

P 
Loose, gray, low plastic ORGANIC. Clay wi th OL -- 24 - Silt - -

I r - -
13 •ss 24 

p -I - '

'--r10 - ... -
24 

I ss 24 P 
- - - -

•-
I Very dense, gray, poorly graded SAND to - SP Alluvium - ~ Silty SAND SM - • 
I - I - -

1, I---" - Refusal - •12 12 Blow Count'> 1 00

I ss n 48- I -
50 BOTTOM OF BORING 

r - 16. 1 I - •- l-

I - ~ - -
• 

I - I - -

20 ~ - - -
I - ~ - -

- I - • 

I - ~ - "'
• 

I - I - -
~ ,

'- WOODWARD Cl TOE CONSULTANTS • 
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III 

BORING LOG 

..EET ____ CW• 1 

NEW BEDFORD SUPERFUND SITE ~JECT ~ 86C8554BlpftO.l(CT NAME 
OATE 10-29-86 

PO - 18 ] PROJECT LDCATION New Bedfgrd, Mass. ftlG Barge 
L-_______ LOGGED.... A. Bri Illngera..ILLR IY__G..,Z..A,;.-.___ WATE" EJ. 3.~: ATO· --" 1.3 ELEVATION OATU..____M-L;.;;W~-__ .. SURFACE ELEVATION 

• 


• 


• 


• 


• 


.. 


.. 

• 


-


SPECIAL NOTES ANDSAMP\.EDEPTH U.S.C. 

TYPE 


DESC"I"ION 
FIELD oeSERVATIOItSRESISTREC 

SMLoose, black, organic, Silty SAND wi th Cia) Push Sample isPPush 14" H t- oO.. with a 3-inch dia.-
Tube 5 tube pushed by 200 .. 

oO t- Ibs. into the firS"! 
5 feet of material 

.. Alluvium -I- 

.. I  --
5 t  -

BOTTOM OF BORING.... ~ 5.0' 
.. ~ -
.. 

-
I-  -

.. I  --
10 ~ -

I- 
-

--
-I- -

I-  --
- 0 -I- 

15_ .--  -
-~ --
-.... -
-I- -
-I- -
-I-2~ -
-I- - Note: A Vanveen 

Sample wasob- 
ta i ned 0-6" 

.. -~ 

-.. I- 
-t- -

2C:... 
I--. WOODWAID CL JOE COISULnITS 

• 


• 


III 



--

•• 

BORING LOG 
IHEtT OF . 1 • 

pM)J£CT NAME NEW BEDFORD SUPERFUND SITE "'O_T NO. 86C8~~4a1 
DAT! 10-30-86 

PO - 19 I PROJECT LDCATION New Bedford, Hass. ItIG Sar2e 
LOGGED Il' C. Bohn DltILLEO 8Y_--l:~____GZA WATtIt f) 3 ",C0.9 ELEVATION MLWDATUII ___~____ 

SURFACE ELEVATION 

SAMPLE 
TYPE 

DEPTH 
REC 

3

0 

1 6"
- Pus 5 0 Tube . 

-
. 

5 

-

-

-

-


10_ 

-

-

-

-

15_ 

-
-
-

-


20

-

-

-

-


25 

DESCltlttTION U.S.C. 
RESIST 

Soft. black. Sandy SILT ML-
P f- .. SH 

Loose. light gray SILT ML
I- .. 

..~ 

f-  -
l- . 
- .. 

r -
i -
~. -
~ -
I  -
I- 
i- 
~ -
I- -
I- -
I- -
I- -
I- -
I- -

I- -

I- 

..I 

•SPECIAL NOTES AND 
FIELD oeSERVATIONS I 
Push Sample is 
with a 3-inch dia.-r 
tube pushed by 200 
Ibs . into the fi rs~ 
5 feet of material-r-

AI Iuvium 

-
IBOTTOM OF SaRINe; 

5.0' .r 
{. 

-+ 
.......... 


l 

-r 
-
-• 
-.. 
-


-
-• 


Note: A Vanveen I 
sample was ob
tained 0-6" T

f 
-1 

I 
1

woo DWlID·C TOt COUUlTUTS"-

-




• 


.. 

.. 

-

• 

• Guild Drilling 

• 

• 

.. 
• 


• 

.. 

September 1987 

• 

.. 



.. 

.-;' 

• 

• 

.. 
• 

• 
• 

• 
",...,,' 

.. 

.. 
• 

• 

• 

BOR ING LOCATION See Fig. 2 DATE START/FINISH 17 Seet 1987 l 18 Seet 1987 PD-20 

GRClJND ELEVATION (MLIJ) 11.0 ft. DRILLED BY P. Didden. Guild Drilliog 

GRClJNDIJATER EL. D~th 3.0 ft. DATE 17 S~tB7 LOGGED BY T. Ma:t:. 

EL. DEPTH SAMPLE 
TYPE IBLOIJS/ IPEN IREC. REMARKS 

FT FT &No. 6 IN. IN. IN. 

S1 -3-7-15 24 18 ~1: 
10 

r- S2 8-16-18 24 24 HIJ casing 52: 
26 

S3 )7-15-8 24 18 ~3: 
-5 1 NW casing 

IJash Boring 
5 

54 ~-B-8-9 24 8 54: 

-

S5 -1-2-1 24 12 :;5: 
-10 

0 

I  ~ 
10 

56 ~-2-2-3 24 24 ~ :;6: 
r-15 

-5 

~ 

i ~ 

S7 ~-4-3-8 24 8 57: 
r-20 

-10 

Fhange in wash 
r eturns. 

Bottan of ~ 
Casing l. 

S 
S8 ~0/4"- 24 20 *300# hamner A ~8: 

1-25 ~*!2"- liN 
~-6*-5* D 

i

BL~S PER 6"-140LB. HAMMER FALLING 30" TO DRIVE NOTES: 
A 2.0 IN. CO SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC-RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SClJND CORES>4 IN./LENGTH CORED, X 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UO-OSTERBERG 
" GRClJNDWATER 

GEl TOTAL DEPTH (FT) , 26.0 PG. 1 OF 1 

SOIL AND ROCK DESCRIPTIONS 

Silty Sand with gravel. Fine to Coarse sand fine 
to coarse gravel, nonplastic fines, cinders, 
dark brown to black, dry. (FILL). 

Silty Sand with gravel. Fine to coarse sand, fine 
to coarse gravel, silt, blue gray, dry, and 
brick fragments. (FILL) • 

Silty Sand. Widely graded fine to coarse sand 
with about 30X fines; cinders, and coal, blacK, 
dry. (FILL). 

•Similar to 53 but with fine gravel and metal. 
(FILL). 

-

Organic Clay. Organic clay with fine sand, ecc. 
coarse sand to fine gravel,saturated, org -
anic odor, dark gray. (OH). 

-

Organic Clay. Organic clay with traee of sand, 
organic odor, dark gray. (OH). -

-

Organic clay. Organic clay with shells, organic 
odor, dark gray. (OH). -

Silty Sand. Fine to mediun sand with 2~ fines, 
golden orange brown. (SM). -

BOTTOM OF BORING 26.0 FEET. 

-

NEW BEDFORD SUPERFUND SITE 

NE'J BEDFORD, MA 

DATE 13 Nov87 PROJECT 87311 

GEl .. 




•
BORING LOCATION ~S:1.:iee~F"-!i~g.:...,..!;2:.-______ DATE START/FINISH 15 Sept 1987/ 15 Sept 1987 

GROUND ELEVATION (ML~) _...I.1..:..1:..l.9:......:..ft::.:.~___ DRILLED BY P. Didden. Guild Drilling 

GROUND~ATER EL. Not Obsel'Ved DATE 15 Sept87 LOGGED BY T. May. GEl TOTAL DEPTH (FT) 4.0 

PD-21 

PG. 1 OF 1 

EL. 

FT 

PEPTH 

FT 

SAMPLE 
TYPE IBLOWS/ IPEN IREC. 
& No. 6 IN. IN. IN. 

REMARKS SOIL AND ROCK DESCRIPTIONS 

10 -

S1 )-8-7-9 24 10 10 ppn VOC 
in borehol eO' 

15 ppn VOC 
in borehole(1' 

~1: Silty Sand. Fine to mediun sand with fine gravel, 
organiC silt, glass, dark brown, dry. (FILL). 

~2: Sflty Sand. ~idely graded fine to coarse sand 
with gravel and silt, chips of coal,oily odor. 
(FILL). 

S2 -5-7-11 24 8 

5 

o 

-5 

-10 

-15 

-5 

1-10 
r 

I 

1-15 

-20 

-

-25 

r-

BOTTOM OF BORING 4.0 FEET. -

-

-

-

-

-

-

-

. -

BLOWS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE 
A 2.0 IN. aD SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC-RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, % 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UO-OSTERBERG 
.. GR~D~TER 

NOTES: 
1)Volatile organic compounds 
meas. using HNU photoion
ization detector. 
2) Boring tenninated due to 
elevated VOC in borehole. 

NE~ BEDFORD SUPERFUND SITE 

NE\I BEDFORD, MA 

DATE 13 Nova7 PROJECT 87311 

GEl 

I 

-

.. 

-

-

-

-

• 


• 

.. 

.. 

.. 

-

-

-

• 




10 

-
- SAMPLEEL. DEPTH 

SOIL AND ROCK DESCRIPTIONSREMARKSTYPE IBLOWS/ IPEN IREC. 
FT &No. 6 IN. IN. IN.FT 

-

BORING LOCATION ~S~e:.:e,-F!.-"i~9L.:.•...:2=--______ DATE START/FINISH 18 Sept 1987 / 18 Sept 1987 PD-21A 

GROUND ELEVATION (MLW) '""""'1""'1,.:..9:.....:,f,.:.t."--___ DRILLED BY P, Didden, Guild Drilling 

GROUNDWATER EL. Depth 7 ft DATE 20 min(1) LOGGED BY T. May, GEl TOTAL DEPTH (FT) 26.0 PG. 1 OF 1 

-
-
• 

• 

• 
• 

5 

o 

-5 

-10 

-

-5 

-

-10 

I- 15 

1-20 

1-25 

S1 ~-6-4-2 24 

S2 H6-11- 24 
o 

S3 26-24-17 24 
17 

54 3-11-14 24 
16 

S5 

S6 

S7 

S8 

0-13- 17 24 
16 

~-6-9-7 24 

~-7-13- 24 
~4 

~0-12-9- 24 
~2 

12 

2 

6 

24 

20 

12 

18 

12 

Alrbi ent HNU 
readings 

Wash Boring 
Using 
NW Casing 

Bottom of 
casing 

S 

~ 
~ 
S 

~1: Silty Sand. Widely graded fine to coarse sand 
and gravel with silt, glass, slag, cinders, and 
coal. (FILL). 

~2: Silty Sand. Widely graded sand with noF1llastic -
fines, slag, cinders, and glass. (FILL). 

~3: Sand. Fine sand with briCK fragments, light brown 
(FILL). -

r>4: Narrowly Graded SanJ. Fine sand with <5% fines, 
light brown, dry. (SP). 

~5: Narrowly Graded Sand with silt. Fine sand with 
about 10% fines, light brown. (SP-SH). 

S6: Simi lar to 55. 

-

-

-

-

-

57: Silty Sand. Narrowly graded fine sand with 10-20% 
nonplastic fines, stratified, light brown. 
(SP-SH) • 

~8: Sand. 0-6" Narrowly graded fine sand. eSP). 
6-12" Widely graded fine to coarse sand 

-

with gravel. (SW). -

GW+----------------------------------~ 
BOTTCJ4 OF BORING 26.0 FEET. 

-

.. 
• 


• 


• 

• 
.. 
• 


• 


BLOo/S PER 6"-140LB. HAMMER FALLING 30" TO DRIVE NOTES: NEW BEDFORD SUPERFUND SITE 
A 2.0 IN. 00 SPLIT SPOON SAMPLER 1) Measured about 20 min. 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL after c~letion of NEW BEDFORD, I4A 
REC-RECOVERY LENGTH OF SAMPLE boring. 
RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, % DATE 13 Nov 87 PROJECT 87311 
S'SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UO-OSTERBERG 
, GROUNDWATER 

G E I 

-15 



BORING LOCATION -,S~ee~!:..Fi:.::l9L.:.•...l2=--______ DATE START/FINISH 14 Sept 1987 / 15 Sept 1987 PD-22 

GROUND ELEVATION (ML~) .....1~2..:.:.0~f~t.=--___ DRILLED BY P. Didden. Guild Drilling 

GROUND~ATER EL. Depth 6 ft. DATE 15 Sept87 LOGGED BY M.Mahoney!T.MayGEI TOTAL DEPTH (FT) 41.0 PG. 1 OF 2 

EL. PEPTH SAMPLE 
REMARKSTYPE IBLOWS! IPEN IREC.

FT FT & No. 6 IN. IN. IN. 

10 -

-5 

5 -

-10 

o 

-15 

·5 -

-20 

·10 -

-25 

-15 

Sl 2·8-10 24 
12 

12 Hollow Stem 
Augers 

...--+----+---i~-_lAlugers bounced 
..nile advancing 

~--+----+--'-"f-'---I2.8' -4. 0' • 
S2 ~0-100/51 10 8 

Auger cuttings 
W---+----+---i~--iinclude leather 

S3 4-9-24 24 
6 

S4 )-4-6-6 24 

S5 ~-'0-18- 24 
26 

56 

S7 

sa 

-10-7 24 
a 

-6-9-10 24 

3·8-8 24 
o 

20 

16 

12 

13 

20 

13 

scraps. 

Approximate 
Stratum change 

Auger cuttings 
:'10-15' narrowly
graded sand, 
saturated. 

Auger cuttings 
17'-20' ~idely 
graded sand, 
saturated. 

Advanced augers 
to 24' ~ casing 
fran 24'-39'. 

Wash Boring 
Using 
NW Casing 

~---~---~--~-~ 

S9 ro-5-5-9 24 10 

~ash returns 
~ine to medium 
~and. 

S 
A 
N 
D 

SOIL AND ROCK DESCRIPTIONS 

Sl: Silty Sand. ~idely graded sand, low plasticity 
fines, leather scraps, <5% gravel, brown. 
(FILL). 

•S4: Narrowly Graded Sand, fine sand, §% ash, 
gold-brown. (FILL). 

S5: Narrowly Graded Sand. Stratified by color 
into <1 inch layers, gold-brown. (SP). 

~: Widely Graded Sand. Fine to medium sand,stratif 
ied by color and particle size into <1 inch 
layers, <5% fines, occasional fine gravel, 
light brown to gray. (SW). 

S ~7: Similar to 56. 

~a: Widely Graded Sand. Fine to coarse sand, <5% 
fines, light brown. (SW). 

~9: Similar to sa. 

-

-

-

-

-

-

-

-

BLOWS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE NOTES: N'EW BEDFORD SUPERFUND SITE I 
A 2.0 IN. CD SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC-RECOVERY LENGTH OF SAMPLE 
RCD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, % 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UO-OSTERBERG 
• GROUNDWATE 

NE'J BEDFORD, MA 

DATE 13 Nov87 PROJECT 87311 

G E I 

-. 

• 


• 

.. 

-

-

-

-

• 


.. 


.. 

• 


-

-

-

-

• 




,; 

BORING LOCATION ..;S~e:.::.e....lF..:.ioa;9.~2______ DATE START/FINISH 14 Sept 1987 / 15 Sept 1987 PD-22 
GROUND ELEVATION (MLW) _..:1.::.2:.:.0~ftl:..-___ DRILLED BY P. Didden. Guild Dri Uing 

GROUNDWATER EL. Depth 6.0 ft. DATE 15 Sept87 LOGGED BY M.MahoneylT.MayGEI TOTAL DEPTH (FT) 41.0 PG. 2 OF 2 

EL. DEPTH SAMPLE 
TYPE JBLOIolS/ IPEN IREe. REMARKS SOIL AND ROCK DESCRIPTIONS 

FT FT 

-20 -

&No. 6 IN. IN. IN. 

S9 4-5-5-9 24 0 

S10 10-10 24 22 

Sand rll'lning 
into casing 
s~le taken 
for soi l clas
sification. 

:s10A: 0-12" Sand. Predominantly fine to mediun sand, 

-

-35 4-12 

Wash returns 
Med. to coarse 
sand, gravel 
in casing. <5% fines, light brown. (SP). -

-25 -
S11 

f-'.O 

-45 

~ 

~ 

-

-

21-16 24 
47-33 

14 

Wash Boring 
using 
NW Casing 
Bottan of 
casing 

:s :)10: 12-22" Sand. Mediun to coarse sand, <5% fines, 
. <5%.fine gravel, light brown. (SP).

•: 
i) 

s -

~11: Silty Sand. Fine sand with fine to mediun gravel 
20-3OX fines, light brown. (SM). -

BOTTOM OF BORING 41.0 FEET. 

-

-

-

-

-

-

-

BL()JS PER 6"-140LB. HAMMER FALLING 3D" TO DRIVE NOTES: NEW BEDFORS SUPERFUND SITE 
A 2.0 IN. CO SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC'RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, % 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UJ-OSTERBERG 
l' GROONDI,lATER 

NE'J BEDFORD, MA 

DATE 13 Nav87 PROJECT 87311 

G E I 



BORING"LOCATION ...;S:.::ee;::::...:.F~ig....:...::.2______ DATE START/FINISH 16 Sept 1987 / 16 Sept 1987 PD-23 

GROUND ELEVATION CMLW) 9.3 ft. DRILLED BY P. Didden. Guild Drilling 

GROUNDWATER EL. Depth 3.0 ft DATE 20 min(1} LOGGED BY T. May. GEl TOTAL DEPTH (FT) 39.3 PG. 1 OF 2 

EL •. PEPTH 

FT FT 

5 

SAMPLE 
TYPE JBLOWS/ JPEN I REC. 
& No. 6 IN. IN.t IN. 

REMARKS SOIL AND ROO( DESCRIPTIONS 

Driving on ~,: 0-4" Sardy Organic. T())SOIL 
solid object. 4-18" Brick fragments and Sand. Fine to mediun 

F sand light brown, dry. (FILL) • 

S1 ~-39-20- 24 
~ 

18 

• --t---+--+--i Wash Boring
S2 ~-12-11- 23 

0/5"
~O/O" 

6 Using ~2: Brick Fragments and Mortar. (FILL). 
NW Casing f-
Wash returns: 

Brick &mortar 

-

r-5 Roller bit aheaa-+---------------------f 

S3 17-13-20 24 
~1 

24 

Fine sand 

NW Casing 
~3: Silty Sand. Narrowly graded fine sand with 10

15X fines, light tan saturated. (SP-SM). 
~ -

,.,..--+----;---1----1 S~les wet 

o 
1-10 

-5 

-15 

-10 

1-20 

-15 

-20 

S4 

S5 

S6 

S7 

0-13-14 24 
16 

~-10-10- 24 
o 

-7-12 24 
3 

2-6-9-10 24 

S8 0-13-21 24======::!!===== 13 

20 

24 

24 

10 

10 

BLGlS PER 6"·140LB. HAMMER FALLING 30" TO DRIVE 
A 2.0 IN. CO SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC-RECOVERY LENGTH OF SAMPLE 
RQO-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, % 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

(Xl-OSTERBERG 
, GRCXJNDWATER 

Ir 
if ~4: Silty Sand. Narrowly graded fine sand with 30X 

fines, light tan. (5M). -

S5: Silty Sand to Sardy Silt. Very fine sard, ~O~ 
. I'IOI'l'Lastic fines, I ight gray to tan. 

(SM-ML). 

56: Narrowly Graded Sand. Fine to mediun sand, <5X 
fines, light brown. (SP). 

S7: Similar to 56: with occasional coarse grains ar 
~ gravel. 

~ 
~ 
~ ~8: Silty Sand. Widely graded fine to coarse sane 

with·~O% fines, 10-15X gravel, golden 
brown, till structure. (SM). 

NOTES: NEW BEDFORD SUPERFUND SI 
1) Measured about 20 mi n. 

after completion of NEW BEDFORD, MA 
boring. 

DATE 13 Nav87 PROJECT 87 

G E I 

-



-

-

-

• 


• 


• 

• 

-


BORING LOCATION _S:::e::.::e_F:..:i~~.:..•...::2=--______ DATE START/FINISH 16 Sept 1987 I 16 Sept 1987 PD-23 

GROUND ELEVATION eMLW) 9.3 ft. DRILLED BY P. Didden, Guild Drilling 

GROUNDWATER EL. Depth 3.0 ft DATE 20 min(1) LOGGED BY T. May, GEl TOTAL DEPTH eFT) 39.3 PG. 2 OF 2 

EL. DEPTH SAMPLE 
TYPE IBLOWS/ I PEN IREC. REMARKS SOIL AND ROCK DESCRIPTIONS 

FT FT & No. 6 IN. IN. IN. 

-

S8 0-13-21 24 
1"I---t13 

8 Wash Boring
Using 
NW Casing 

S 

~ 
~ 

Sit ty Sand cant i nued. 

~9: Silty Sand. Widely g,aded fine to coarse sand 

-

-25 ith ~OX fines, golden brown. (SM). ---I 

f-35 RUN 1 min/ft 60 56 Nlol Rock Core ~UN 1: Mica Gneiss. Pinkish gray with mineralized 
5 

4 RQO B3X 

5 
5 

5 

-

-

-

BLOWS PER6"-140LB. HAMMER FALLING 30"'TO DRIVE 
A 2.0 IN. CD SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER-OR CORE BARREL 
REC-RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, X 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UO-OSTERBERG 
• GRruNDWATER 

~ 
discontinuities dipping at approx. 
80 degrees. 

~ • 

~ 

BOTTOM DEPTH 39.3 FEET. 

NOTES: NEW BEDFORD SUPERFUND SITE 
1) Measured about 20 min. 

after cOl11Jletion of NEW BEDFORD, MA 
boring. 

DATE 13 Nav87 PROJECT 87311 

G E I 

-

-

-

-

-

-

-

-

-

-
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• 


.. 




BORING LOCATION _S:::::ee:.::...:F~i.,;;a9........::2~______ DATE START/FINISH 17 Sept 1987 / 17 Sept 1987 PD-24 

GRQJND ELEVATIaf (MLW) ...:8~.~2_f:...::ee:.::..=.t____ DRILLED BY P. Didden. Guild Drilling 

GRQJNDWATER EL. Depth 4.0 ft DATE 20 min(2) LOGGED BY T. May. GEl TOTAL DEPTH (FT) 40.0 PG. 1 OF 2 

EL. PEPTH 

FT FT 

I 
5 

SAMPLE 
TYPE 1BLOWS/ IPEN IREC.
&No. 6 IN. IN. IN. 

REMARKS 

S1 ~-7-6-11 24 18 3ppm vee 
in borehole(1) 

....--t----t---+---i wash boring 
S2 

S3 

S4 

S-6-11 24 
2 

5-2-2-3 24 

p-4-3-4 24 

16 

18 

10 

using HW 
casing 

NW casing 

SOIL AND ROCK DESCRIPTIafS 

Sl: 0-3" Brick Fra~ts. 
3-18" Sit ty Sand. widely graded fine to coarse 

sand contains cinders and coal, blacK. (FILL) • 

S2: Cinders and Slag. (FILL). 

~3: Similar to 52, saturated. (FILL). 

S4: 0-5" Cinders in Silt.y Sand. (FILL). 

-

-

I
~4A: 5-10" Silty Sand. Narrowly graded fine sand with 

bout 35X fines, darK gray, saturated. (SM).-
o D 

S5 ro-4-3-3 24 12 ~ S5: Si lty Sand. Narrowly graded fine sand with about 
~ 30 to 40% organic silt, gray to orange brown. 

f-10 
: (SM with OL) 

-
I: 

: -
-5 

Approximate 
bou'ldary 
between org. 
SMandSM .7~---------------------------~ 

S6 

-10 

S7 

I 
-15 

S8 

-
-20 

S9 

6-11-8 24 
3 

1-17-23 24 
24 

17-11-13 24 
3 

~-6-8-13 24 

18 

24 

24 

24 

BLOWS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE 
A 2.0 IN. CD SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC-RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SaJND CORES>4 IN./LENGTH CORED, % 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTaf 

UO-OSTERBERG 
, GRCXJNDWATER 

5 56: Silty Sand. Narrowly graded fine sand with 
"about 10 to 20% non-plastic fines. Occ. coarse 
sand and fine gravel. (SM) 

57: 0-20" Sil ty Sand to Sit t. Narrowly graded fine 
sand with about 30% fines (nonplastic silt), 

I--+---light -tray. -(SM-ML). 

F 

20-24" Narrowly Graded Sand. Mediun sand wi th 
about 5% fines, brown. (SP) 

-

-

~:0-18" Narrowly Graded Sand. Mediun to coarse sard 
with <5% fines, brown. (SP) -

Sa: 18-24" Silty Sand. Narrowly graded fine sand with 
about 10-20% fines, brown. (SP-SM) 

Narrowly Graded Sand. Fine to mediun sand with 
< 5% fines, light brown. (SP-SW) 

NOTES: NEW BEDFORD SUPERFUND SITE 
1)Volatile organic compounds 

meas. using HNu photoion NE'tl BEDFORD·, MA 
ization detector. 

2)Measured about 20 min. DATE 13 Nov 87 PROJECT 87311 
after completion of 
boring. 

GEl 
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BORING LOCATION ~S~eo::e...lFwi..:&g.:..• .,!:2:..-______ DATE START/FINISH 17 Sept 1987 I 17 Sept 1987 PD-24 

GROUND ELEVATla. (MLII) ..:8~.:.=2_f.:..t:.:.._____ DRILLED BY P. Didden, Guild Drilling 

GROUNDWATER EL. Depth 4 ft. DATE 20 min(2) LOGGED BY T. May. GEl TOTAL DEPTH (FT) 40.0 PG. 2 OF 2 

EL. DEPTH SAMPLE 
TYPE IBLOWS/ IPEN IREC. 

FT FT & No. 6 IN. IN. IN • 
REMARKS 

S9 )-6-8-13 24 Wash Boring
fII---t----+---+--I Usi ng 

24 

NW Casing 

SOIL AND ROCK DESCRIPTla.S 

OJ S9: Narrowly Graded Sand. Fine sand with <5% fines, 
bra..,. eSP). 

) Widely Graded San::!. Fine to coarse sand with <5% 
fines, bf'Olon, in shoe of ~ler. (SW). -

-25 

S10 ~-5-5-8 
-35 

-
-30 

24 4 ~ ~10: Widely Graded Sand. Fine to coarse san::! with <5% 
;.. fines, bra..,. (SII). -

") 
E 
P 

~ 
~ 

-

S11 00-50* 12 0 "'300# hanrner 
~1': lIidely Graded Sand. Medium to coarse with <5% 

fines, ~% gravel, gray brown. (SII). See note 1 
0 

Dri ller says 
pushing a 
cobble. 

BOTTC»I OF BORING 40 FEET. 

l 

1-45 

I-

BUllS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE 
A 2.0 IN. CD SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC-RECOVERY LENGTH OF SAMPLE 
RCD-LENGTH OF SOUND CORES>4 tN./LENGTH CORED, % 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTa. 

UO-OSTERBERG 
• GROUNDWATER 

NOTES: 
1) Split spoon S8II1Jle S1' 

maybe wash material. 
2) Measured about 20 min. 

after completion of 
boring. 

NEW BEDFORD SUPERFUND SITE 

NEW BEDFORD, MA 

DATE 13 Nov 87 PROJECT 87311 

G E I 

-

-

-

-

-

-

-

_. 
J 



• 

-., 

BORING LOCATION -,S,..ee",,-,F...i ... s.....-=2'--______ DATE START/FINISH 25 Sept 1981 / 28 sept 1981 PD-25 
GROUND ELEVATION CMLY) -'-2!:.,:•.::2....f:.,:t______ DRILLED BY D. Serowik. Gui ld Dri II ins 

GROUNDYATER EL. N/A DATE LOGGED BY M. Mahoney. GEl TOTAL DEPTH CFT) 22.0 PG. 1 OF 1 

EL. PEPTH SAMPLE 
REMARKS SOIL AND ROCK DESCRIPTIONSTYPE IBLOYS/ I PEN /REC.

FT FT & No. 6 IN. IN. IN. ,_
============================================================dr 

-5 

~5 

-10 

I- 10 

-15 

1-15 
51 

-20 

1-20 
S2 

-25 

-
-30 

/12"
5-10 

~-9-11-
~1 

24 

24 

22 

8 

No casing for 
vane tests. 

lIash boring 
usingNW 
cas i ng after 
vane tests. 

FIELD SHEAR VANE 
DEPTH TESTED 
1.0-1.8' 

2.8-3.6' 

4.6-5.4' 

6.4-1.2' 

8.2-9.0' 

TORQUE CINCH-LBS) 
PEAK RESIDUAL 

140 20 

210 30 

190 25 

280 40 

260 20 

-

-

-

-
~ 10.0-10.8' 
~ 

280 15 

5 

11.8-12.6' 300 30 

13.6-14.4' >600 

51: 0-15" Peat with about 40-50% organic silt, trace 
ine sand,broton. CPT) 

-

-

15-22" Silty Sand. lIidely graded sand with silt 
and gravel, fine to coarse sand, angular gravel 
to 3/4" max., 20-30% low plasticity fines, non
stratified, gray. CSM). 

~ p -
52: Silty Sand. lIidely graded fine to coarse sand 

with 10-20% low plasticity fines and 5% fine 
gravel, nonstratified, gray. CSM). 

BOTTCJ4 OF BORING 22.0 FEET. -

-

-

BLOWS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE NOTES: NEil BEDFORD SUPERFUND SITE 
A 2.0 IN. CO SPLIT SPOON SAMPLER 1). All depths are refer-

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL enced to river bottom. NEW BEDFORD, MA 
REC-RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SOUND CORE5>4 IN./LENGTH CORED, % DATE 13 Nov 87 PROJECT 87311 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UO-OSTERBERG G E I 
, GROUNDYATER 

• 


• 


-

-

-

-

• 


• 
• 
• 
• 
• 

-

.. 


-




-


-

-

-

• 

• 

• 

• 


• 


• 


• 

• 


-


BORING LOCATION -'S::::ee:.::-.F...:i.oa9......-=2:.-______ DATE START/FINISH 25 Sept 1987 / 25 Sept 1987 PD-26 

GROUND ELEVATION (MLW) _·..1......::,2..f-=t......____ DRILLED BY D. Serowik. Guild Drilling 

GROUNDWATER EL. N/A DATE LOGGED BY M. Mahoney, GEl TOTAL DEPTH (FT) 22.0 PG. 1 OF 1 

EL. PEPTH SAMPLE 
TYPE /BLOWS/ / PEN /REC. REMARKS SOIL AND ROCK DESCRIPTIONS 

FT FT 

-5 

-10 

-15 

~10 

r 

-

&No. 6 IN. IN. IN. 

No casing for 
vane tests. 

Wash boring 
usingNW 
casing after 
vane tests. 

Could not push 
vane past 14.5 

FIELD SHEAR VANE TORQUE (INCH·LBS) 
DEPTH TESTED PEAK RESIDUAL' 

1.0-1.8' 80 5 

2.8-3.6' 160 25 

4.6-5.4' 225 35 

6.4-7.2' 160. 25 

8.2-9.0' 300 15 

10.0-10.8' 510 35 

11.8-12.6' 600 25 

13.6-14.4' >600 

-

-

-

-

-. 

-15 W----~---~--+--~feet~ ~+_--------------------------~
S1 

-
-20 

-20 
S2 

-
-25 

-30 

~-3-2-' 24 

3-24-22 24 
2Z 

16 

6 

BL()JS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE 
A 2.0 IN. CD SPLIT SPOON SAMPLER 

PEN· PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC·RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, X 
S-SPLIT SPOON SAMPLE 
U·UNDISTURBED SAMPLE UF·FIXED PISTON 

UO-OSTERBERG 
, GROUNDIoIATER 

NOTES: 

~1: 0-2" Organic Clay with narrowly graded fine sand 
occasional shells and fiberous brown organic 
matter, high plasticity fines, olive. (OH). 

2-16" Widely Graded fine to coarse sand 
nonstratified, <5% fines, <5% fine graveL, -
light gray. (SW). 

-
)2: Widely Graded Sand with gravel. Fine to coarse 

sand, ::;15-20% fine gravel, <5% fines, nonstrat
ified, light gray. (SW). 

BOTTOM OF BORING 22.0 FEET. -

-

-

NEW BEDFORD SUPERFUND SITE 
1). All depths are refer· 
enced to river bottom. NEW BEDFORD, MA 

DATE 13 Nov 87 PROJECT 87311 

G E I 

• 
.,..-' 

• 

• 



•
BORING LOCATION -'S=:;e;,::e...:F:..,:i..:a9.:,.• ..l:2'--_______ DATE START/FINISH 21 Sept 1987 I 22 Sept 1987 

GROUND ELEVATION (MLW) -.:-0~."'"9...:f~t______ DRILLED BY D. Ser-owile, Guild Drill ing 

GROUNDYATER EL. N/A DATE ~OGGED BY M. Mahoney, GEl TOTAL DEPTH (FT) 32.0 

PD-27 

PG. 1 OF 2 

EL. DEPTH SAMPLE 
TYPE IBLOWSI JPEN IREC. REMARKS SOl L AND ROCK DESCR IPTI ONS 

FT FT &No. 6 IN. IN. IN. 
==============================~=========================== 

1'......., 

-
-5 

-5 

U01 PUSH 

-
u02 PUSH 

-10 

-10 

U03 PUSH 

U04 PUSH 
-15 

24 

24 

24 

24 

24 

24 

24 

19 

~o cas ing used 
~or- vane tests. 

~sh bor-ing 
~ing NW casing 
~fter vane 
~ests. 

IELD SHEAR VANE 
DEPTH TESTED 

1.0-1.8' 

2.8-3.6' 

4.6-5.4' 

TORQUE (INCH-LBS) 
PEAK RESIDUAL 

155 15 

140 30 

210 40 

(tube trinmings) Organic Clay with nar-r-owly 
gr-aded sand, 5-15 ~ fi"ne sand, high plasticity 
<5% shells, moder-ate or-ganic odor-, darle olive. 

-

-

(OH). -

~ ~02: (tube tr-inmings) Similar to U01. 

~ -
e U03: (tube tr-inmings) Similar to U01 with 15-20% fine 

sand. 

-
U04: Top of tube similar- to U03. 

I--+---(tube tr-inmings) Peat. Fibr-ous br-own peat, -
30-40% high plasticity or-ganic clay, <5% fine 
sand, moderate organic odor. (PT>. -

S1 ~-9-9 24 24 

-
-20 

-20 
S2 -2-13 18 18 

-
·25 

S3 ~-6-8-9 24 19 

-30 

" S1: 0-18" Similar to U04 tube tr-inmings. 
18-24" Silty Sand. Nar-r-owly gr-aded fine sand,<5% 

I--+----mediun sand, 25-30% fines, gray. (SM).-

F 

~ 

S 

: 
o 

0-6" Similar to 51. 
6-12" Similar- to S1 with 40-50% low plasticity 

fines. (SM). 
12-18" Silty Sand. Narrowly 9raded fine sand, 

10-20% low plasticity fines, str-atified by 
color- into <1/2" layer-s, oxidation staining, 
gold br-o..,. (SM). 

-

-

-

-

~3: Silty Sand. Nar-r-owly graded fine sand str-atified 
by color into <1/2" layers, one 1" lens of 
widely 9r-aded sand, 10-20% low plasticity fines 
tan. (SM). 

-

-
-

-

-

-
• 


~. 

• 

• 

• 
• 
• 


-
BL()JS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE NOTES: NEW BEDFORD SUPERFUND SITE I 

A 2.0 IN. CO SPLIT SPOON SAMPLER 1). All depths ar-e r-efer-
PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL enced to r-iver- bottom. NE'J BEDFORD, MA 
REC-RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, X DATE 13 Nov 87 PROJECT 87311 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UO-OSTERBERG 
• GROUNDWATER 

G E I 

.. 

.. 

: 



III 

• 


• 


• 


• 

• 


• 


• 


....:i!!:~~.:....5'-______• DATE START/FINISH 21 Sept" 1987 / 22 Sept 1987 PD-27 

~!.:.Z.....!.l:-'-____ DRILLED BY D. Serowiic, Guild Drilling 

LOGGED BY M. Mahoney, GEl TOTAL DEPTH (FT) 32.0 PG. 2 OF 2 

REMARKS SOIL AND ROCK DESCRIPTIONS 

S ~4: Widely Graded Sand. Fine to medil.Jll sand with j-
A 15% low plasticity fines, tan. (SIJ-SM). 
N 

~---~--~----~----~--~--~-----------iD+--------------------------------------iBOTTOM OF BORING 32.0 FEET. 

-

-

-

-

-

f -

f  -

- -

- -

--

BLCA.lS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE NOTES: NEW BEDFORD SUPERFUND SITE 
A 2.0 IN. 00 SPLIT SPOON SAMPLER 1). All depths are refer


PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
 enced to river bottom. NEW BEDFORD, MA 

REC-RECOVERY LENGTH OF SAMPLE 

RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, % 
 DATE 13 Nov 87 PROJECT 87311 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UQ-OSTERBERG GEl 
, GROUNDI.IA TER 

http:GROUNDI.IA


BORING LOCATION -'S""e:.=;e..,F:..,:i....9.:..• ..:2=-______ DATE START/FINISH 28 Sept 1987 / 28 Sept 1987 PD-28 

GROUND ELEVATION (MLW) _-..:0"'.5::....:,f....t:...____ DRILLED BY D. Serowik. Guild Drilling 

GROUNDWATER EL. N/A DATE LOGGED BY M. Mahoney. GEl TOTAL DEPTH (FT) 17.0 PG. 1 OF 1 

EL. PEPTH SAMPLE 

FT FT 
TYPE IBLOWSI I PEN IREC. REMARKS SOIL AND ROCK DESCRIPTIONS r--
&No. 6 IN. IN. IN. 

======~=================================================== 

• 


• 


-

-

-

-

• 
. 

• 


• 

.. 

.. 

• 


~o cas i ng used 
~or vane tests. 

~sh boring 
~ing HW casing 
lafter vane 
~ests. 

-5 
~5 

-10 
~10 

-
S 

~ould not push 
-15 r.rane below 13.0 

-15 .....--f----+---+---4feet. 
S1 ~-3-6-12 S 

, 
1524 

~ 

~---r--~~--~----~--~--+---------~-
-20 


f-20 


f 

-25 

f-

FIELD. SHEAR VANE TORQUE (INCH-LBS) 
DEPTH TESTED PEAK RESIDUAL 

1.0-1.8' 180 30 

-
2.8-3.6' 180 35 

4.6-5.4' 145 30 

6.4-7.2' 325 30 
-

8.2-9.0' 310 40 

-
10.0-10.8' 47'0 35 

11.8-12.6' 410 120 

-~ S1: Silty Sand. Widely graded fine to mediun sand, 
~5% low plasticity fines, ,5% coarse gravel, 
tan-gray. (SW-SH)., 

BOTTOM OF BORING 17.0 FEET. 

-

-

-

- -

,
BLOWS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE' NOTES: • NEW BEDFORD SUPERFUND SITE 

A 2.0 IN. 00 SPLIT SPOON SAMPLER 1). All depths are refer
PEN-P~NETRATION LENGTH OF SAMPLER OR CORE BARREL enced to river bottom. NEW BEDFORD, MA 
REC-RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, % DATE 13 Nov 87 PROJECT 87311 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UO-OSTERBERG GEl 
• GROUNDIJA TER 

-

.. 


,.a 



-
• EL. DEPTH SAMPLE 


TYPE IBLeNS/ I PEN JREC. 
 SOIL AND ROCK DESCRIPTIONS 
FT 

REMARKS 
FT &No. 6 IN'L IN. IN • .. 

BORING LOCATION ....S:::::e:.::;.e....F~i....9.:..• ...::2_________ DATE START/FINISH 23 Sept 1987 / 23 Sept 1987 PD-29 

GROUND ELEVATION (MLW) _-~1.:.J.2I:....l.f.t.t.=--___ DRILLED BY D. Serowik. Gui ld Dri II iog 

GROUND~ATER EL. N/A DATE LOGGED BY M. Mahoney. GEl TOTAL DEPTH (FT) 32.0 PG. 1 OF 2 

-
-.. 
• 

• 
.. 

-
-5 

~5 

-
-10 

-10 

-
-15 

I- 15 

-20 

-20 

-25 

1-25 

-

U01 PUSH Z3 

UOZ PUSH 24 

U03 PUSH 24 

U04 PUSH 24 

S1 ~-3-5-7 24 

23 

24 

24 

24 

4 

~o cas; ng used 
!for vane tests. 

~sh boring 
~ing NW casing 
~fter vane 
Itests. 

Soil was 
rising up into 
casing. 

Blow cOU't may 
be inflated dJe 
o s~ler be

~--+----+--!--rr!Coming full 
before 24" 
penetration. 

S2 ~8-12-11 24 
-11 

4 

FIELD SHEAR VANE TORQUE (INCH-LBS) 
DEPTH TESTED 
1.0-1.8' 

2.8-3.6' 

PEAK RESIDUAL 
170 40 

220 40 
-

-
(tube trimmings) Organic Clay with narrowly 
graded sand, 5-15% fine sand, occasional shells 
high plasticity, orive gray. (OH) • 

~ -
~OZ: (tube trimmings) Similar to UOl with 15-25 ~ 

fine sand. 

~03: Top of tlbe similar to U01. -
(tlbe trimmings) Silty Sand. Narrowly graded 

I-+---t.l.ine sanclwith 10-20~ low plasticity fines, -
trace organics, olive gray. (SM). 

-
~: Simi lar to bottom of 003. 

-
5 

-

:i 

: -
o S1: \J;dely Graded Sand with Silt. Fine to coarse sand 

with :I-,5X fines, nonstratified, gray. (SM). 

-

~2: S~le appears to be wash material. 

-

• 


• 

• 


• 
.. 
-
• 

.....,1 

• 


• 


BLaJS PER 6"-140LS. HAMMER FALLING 3D" TO DRIVE NOTES: NE\J BEDFORD SUPERFUND SITE 
A 2.0 IN. 00 SPLIT SPOaf SAMPLER 1). All depths are refer

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL enced to river bottom. NEW BEDFORD, MA 
REC-RECOVERY LENGTH OF SAMPLE 
ROO-LENGTH OF. SOUND CORES>4 IN./LENGTH CORED, % DATE 13 Nov 87 PROJECT 87311 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

OO-OSTERSERG 
, GRCUND\JATER 

GEl 

-30 



BORING LOCATION ..;S~ee~F...,i.Ol9.:..-=2'--______ DATE START/FINISH 23 Sept 1987 I 23 Sept 1987 PD-29 

GROOND ELEVATION (MLW) _-~1-,".2:::....:.f.:.t:...____ DRILLED BY O. Serowilc, Guild DrH ling 

GROONDWATER EL. NIA DATE LOGGED BY M. Mahoney, GEl TOTAL DEPTH eFT) 32.0 PG. 2 OF 2 

EL. PEPTH SAMPLE 

FT FT &No. 6 IN. IN. IN. 
TYPE IBLO\IS/ I PEN IREC. REMARKS SOIL AND ROCK DESCRIPTIONS f"'"' 

=====6================~============~================================= 

I 

-35 

i-3S 

i 

i 

-

-

S3 

~--~~----+---~-

o 

-~--

S S 
I " L ~ 

Y-----~.-~~--

S3: No recovery. 

BOTTOM OF BORING 32.0 FEET. 

-

-

-

-

----------------------------------~ 

-

• 


• 


• 

• 


• 


• 

BLOWS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE 
A 2.0 IN. CD SPLIT SPOON SAMPLER 

NOTES: 
1). All depths are refer

NEW BEDFORD SUPERFUND SITE 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL enced to river bottom. NEW BEDFORD, MA 
REC-RECOVERY LENGTH OF SAMPLE 

. RaD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, X DATE 13 Nov 87 PROJECT 87311 
S-SPLIT SPOON 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

SAMPLE 

UO-OSTERBERG GEl 
" GROONDIoIATER 



• BORING LOCATION ",;S=.:!ie~e...iFw;..lI.g.:.. START/FINISH 24 Sept 1987 / 24 Sept 1987• ..:,2:-______ DATE PD-30 

GROUND ELEVATION (MLW) _·w1..:.,.7:.....:,f..:.,t=-.____ DRILLED BY D. Serowik. Guild Dril tiM 

PG. 1 OF ,GROUNDWATER EL. N/A DATE LOGGED BY M. Mahoney. GEl TOTAL DEPTH (FT) ~ 

EL. DEPTH SAMPLE 

I BLOWS/ 
 SOIL AND ROCK DESCRIPTIONSREMARKS-
 TYPE I PEN IREC.


FT FT & No. 6 IN. IN. IN. 

IELD SHEAR VANE TORQUE (INCH'LBS) 
~or vane tests. R 
~o cas i ng used p 

DEPTH TESTED PEAK RESIDUAL 
1.0-1.8' 150 25~ 

~ash boring " 
~ing NW casing ~ --
lafter vane 


-5 
 2.8'3.6' 300 45~ests. 

.... 5 PUSH 24U01 24 ~1: Top of tube • Organic CLay with narrowLy graded
t-t---6and. Fine sand, occasional shells and fibrous

brown organic matter, high pLasticity fines, 
olive gray. (OH). 

Bottan of tube • Sit ty Sand. NarrowLy graded 
I  24S1 "'4-3 12 fine sand, 10'2OX low pLasticity fines, acc- 

asionaL organics, gray. (SM).
•10 .. Silty Sand. NarrowLy graded fine sand with <5% 

medium sand, 15-25% Low pLasticity fines, non
stratified gray. (SM). 

1-10 ~ -.. S2 1)-3-5-7 24 12 ~ ~2: Widely Graded Sand fine to medium with <5X coarse 
~ sand, <5X fines, weLL stratified by coLor 
pinto <2" layers, gray black. (SW) • 

.... -
'15 

.... 15 -
24S3 1S-4-4-4 ~3: Silty Sand. Narrowly graded very fine to fine 

sand, with 35-45% low plasticity fines, tight 
gray. (SM). 

3 

.... BOTTOM OF BORING 17.0 FEET • 
'20 

.... 20 -

.. 


.... 
 -
·25 

-25 -

I -
·30 

-

• 


• 

• 


• 

• 


• 


BLCAo/S PER 6"-140LB. HAMMER FALLING 30" TO DRIVE 
A 2.0 IN. OD SPLIT SPOON SAMPLER 

PEN'PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC'RECOVERY LENGTH OF SAMPLE 
RQD'LENGTH OF SOUND CORES>4 IN./LENGTH CORED, % 
S'SPLIT SPOON SAMPLE 
U'UNDISTURBED SAMPLE UF'FIXED PISTON 

NOTES: 
1). All depths are refer
enced to river bottom. 

NEW BEDFORD SUPERFUND SITE 

NEW BEDFORD, lolA 

DATE 13 Nov 87 PROJECT 87311 

UQ·OSTERBERG 
, GROUNDWATER 

GEl 



• 


-

-

-

-

-

-

.. 


.. 


.. 


• 


-

-

-

• 


BORING LOCATION _S~e:.l:e,-F~i~9",-•...!i2o-______ DATE START/FINISH 22 Sept 1987 !?3 Sept 1987 PD-31 

GROUND ELEVATION (MLW) _-..!:2~.1~f.l:.t.:.-___ DRIllED BY D. Serowiic. Guild OrB ting 

GROUNDWATER EL. MIA • DATE LOGGED BY M. Mahoney. GEl TOTAL DEPTH (FT) 17.0 PG. 1 OF 1 

EL. SAMPLEPEPTH 

FT 
TYPE IBLOWS! I PEN IREC. REMARKS SOIL AND ROCK DESCRIPTIONS 

FT 

--5 

-5 

-10 

f-10 

-
-15 

~15 

&No. 6 tN. IN. IN. 

~o cas i ng used 
!for vane tests. 

~ash boring 
~ing NW casing 
after vane 
ests. 

FIELD SHEAR VANE 
DEPTH TESTED 

1.0-1.8' 

2.8-3.6' 

4.6-5.4' 

6.4-7.2' 

10.0-10.8' 

11.8-12.6' 

TORQUE (INCH-LBS) 
PEAK RES IDUAL 

110 20 

160 30 

320 50 

295 30 

215 20 

365 40 

>600 

1--1-13.6-14.4' ->600 
! S 

-

-

-

-

-

S1 ~-6-3-12 24 14 I A ~1: 
L N 
T 0 

Silty Sand. Widely graded fine to mediun sand, 
with 2O-3al low plasticity fines, trace of 
organics, well stratified by color and texture, 

I 
-20 

i-20 

-25 

f-25 

-30 

BLaws PER 6"-140LB. HAMMER FALLING 30" TO DRIVE 
A 2.0 IN~ CD SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC-RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SOUND CORES>4 IN.!LENGTH CORED, % 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UO-OSTERBERG 
• GROUNDIJATER 

-+---~..ray brOWl. (514). 
BOTTOM OF BORING 17.0 FEET. 

NOTES: 
1). All depths are refer
enced to river bottom. 

NEW BEDFORD SUPERFUND SITE 

NEW BEDFORD, MA 

DATE 1~ Nov 87 PROJECT 87311 

, 

G E I 
~--------________________________~_________________________L-___________________ _ 

-

-

-

-

-



- --

II 

-


-

-

-5 

.. 
-

-10 

-10 

-
-15 

BORING LOCATION -'S:::,::e:.::e.....:Fui.:a9.:..• ..!;2'--______ DATE START/FINISH 24 Sept .1987 I 25 Sept 1987 PD-32 

GROUND ELEVATION (MLW) '2.1 ft. ·DRILLED BY D. Serowi~, Guild Drilling 

GROUNDWATER EL. N/A DATE LOGGED BY M. Mahoney. GEl TOTAL DEPTH (FT) 22.0 PG. 1 OF 1 

EL. PEPTH SAMPLE 
TYPE IBLOIJS/ IPEN IREC.

FT FT & No. 6 IN. IN. IN. 
REMARKS SOIL A~D ROCK DESCRIPTIONS 

No casing 
used for vane 
tests. 

Wash boring 
using NW 
casing after 
vane tests. 

"ould riot push 
vane below 12.7 
feet. 

IELD SHEAR VANE TORQUE (INCH-LBS) 
DEPTH TESTED PEAK RESIDUAL 

1.0-1.8' 100 10 

-
252.8-3.6' 160 

4.6-5.2' 150 35 

430 50 
-

8.0-8.8' 285 60 

-
9.B-10.6' 260 50 

11.6-12.2' >600 
-

-15 
S1 -2-9-11 24 12 

• r
-20 

• r- 20 
S2 1)-6-6-5 24 8 .. 

-
S1: 0-6" Sandy Organic Clay. Organic clay with 15-25X 

rrowl y~raded-fine-sand, -eccasi onal -shells
and fibrous brown matter, high plasticity fines 
olive gray. (OH). 

6-12" WideLy Graded Sand. Fine to mediun sand 
with <5% fines, nonstratified, light gray. (SW) 

S2: Similar to 6-12" portion of 51. 
-

BOTTOM OF BORING 22.0 FEET. r
-25 

-


-

• 

• BLOWS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE 
A 2.0 IN. CD SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC-RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, X 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

NOTES: NEW BEDFORD SUPERFUND SITE 
1). All depths are refer
enced to river bottom. NEW BEDFORD, MA 

DATE 13 Nov 87 PROJECT 87311 

UO-OSTERBERG G E I

• " GRruNDWATER 
-----,-- ~ -- ----~~---

-30 



- -

BORING LOCATION ....;S::.::e;.::;e....iFwi~9"-•...l2=--______ DATE START/FINISH 17 Sept 1987 / 17- Sept 1987 

GROUND ELEVATION (ML~) .....;;.,-1!.,:•.::,4__fw,t.....____ DRILLED BY D. Serowik. Guild Drill ;''9 

GROUND~ATER EL. N/A DATE LOGGED BY M. Mahoney. GEl TOTAL DEPTH (FT) 22.0 

PD-33 

PG. 1 OF 1 

EL. 

FT 

PEPTH 

FT 

SAMPLE 
TYPE IBLO\JS/ I PEN IREC. 
& No. 6 IN. IN. IN. 

REMARKS SOIL AND ROCK DESCRIPTIONS 

• 


• 

FIELD SHEAR VANE TORQUE (INCH-LBS) 

DEPTH TESTED PEAK RESIDUAL 
0.6-1.4' 130 30 

~fter performing • 
field shear vane -
ests, barge 2.4-3.2' 420 18 


-5 
 ~s moved 5 ft 
east for spl it 3.2-4.2' 278 80 
spoon s8ll1) ling. -

4.2-5.0' 320 40 -
S1 

1-5 W----~---4---_+--~ 
8 No casing used 

for vane tests. 
6.0-6.8' 410 60 

24 -PII---+----+--~-~ash boring 

I  ~ing N~ casing 6.8-7.6' 540 80 

~fter vane 

-10 
 I~ests. p ~1: Organic Clay. <10% fibrous brown organic matter 

r. occasional shells, high plasticity, olive gray -
,. top 3" of s~le was black. (OH). 


1-10 
 -
S2 ~ ~2: Sandy Organic Clay. 10-20% fine sand, occasional 

shells, high plasticity, olive gray. (OH). 
IoOR 24 24 -

- II 
-15 

1-15 -,...
js3: Similar to S2. Shoe of spoon contained 1" of gray 

fine sand with clay. (0It). 
S3 24IoOR 12 

- ..I

-20 

- at 
1-20 


S4 p-8-9-11 
 0-15" 'Jidely Graded Sand with Gravel. Fine to 
coarse sand with 20-30% gravel to '", <5% fines 

,sP+--""'l, brown. (SW). 

24 20 

II .....--+--__~--+_---+---1_-+_-----_+_+-..:j·5-20" Silty Sand. Narrowly graded fine sand, 25
30% low plasticity fines, stratified by color-
into <1/2" layers, red-brown. (SP). 


-25 
 BOTTOM OF BORING 22.0 FEET. 

-25 

-
-

-30 -
, ..

BL~S PER 6"-140LB. HAMMER FALLING 30" TO DRIVE NOTES: NE~ BEDFORD SUPERFUND SITE 
A 2.0 IN. CO SPLIT SPOON SAMPLER 1). All depths are refer


PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
 enced to river bottom. NE'J BEDFORD, MA 
REC-RECOVERY LENGTH OF SAMPLE 

RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, X 
 DATE 13 Nov 87 PROJECT 87311 
S-SPLIT SPOON SAMPLE 

U-UNDISTURBED SAMPLE UF-FIXED PISTON 


lXl-OSTERBERG 
 G E I 
• GROUND'JATER ::.'----------------------- 



III 

-


-


• 


.. 


.. 


BORING LOCATION ~S~e:::;e-"F:;.,!i.ll.9.:...,.!;2.....______ DATE START/FINISH 17 Sept 1987 / 18 Sept 1987 PD-34 

GROUND ELEVATION (MLW) ~~......:.~____ DRILLED BY D. Serowik. Guild Dril (ing-0.6 ft. 

GROUNDWATER EL- N/A DATE 

EL- DEPTH SAMPLE 

FT FT 
TYPE IBLOIolS/ IPEN
&No. 6 IN. IN. 

-

-5 
-5 

U1 PUSH 24 

IREC.
IN. 

0 

LOGGED BY M. Mahoney. GEl TOTAL DEPTH (FT) 17.0 PG. 1 OF 1 

REMARKS 

~o cas i ng used 
~or vane tests. 

~ash boring 
~ing NW casing 
lafter vane 
~ests. 

FIELD SHEAR VANE 
DEPTH TESTED 

1.0-1.8' 

2.8-3.6' 

SOIL AND ROCK DESCRIPTIONS 

TORQUE (INCH-LBS) 
PEAK RESIDUAL 
'""'iOO 30 

397 30 

~1: No recovery. Olive gray organic cLay aettered to 
outside of tube wiFh occasionaL shells. 

-

-

- u2 PUSH 24 8 Sandy Organic CLay. 10-20% fine sand, occasional
sheLls, one piece of glass, one 3"sheLl,high 
plasticity, olive gray with zones of black (OH) 

-10 
-10 

U3 PUSH 24 23 

-
U4 PUSH 24 10 

-15 
-15 

us PUSH 24 23 

-

-20 
~20 

-

-25 
1-25 

-30 

BUllS PER 6"-140lB. HAMMER FALLING 30" TO DRIVE 
A 2.0 IN. CO SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC-RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, % 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UO-OSTERBERG 
• GROUNDWATER 

• ~~: Sandy Organic Clay. (tube trimmings) 10-20% nar-C ~. 
~ rawly graded fine sand, trace shell fragments, 

trace fibrous brown organics, strong organic 
odor, oLive gray. (OH). 

~F4: (Piston Slipped 10") soil similar to U3. 

~F5: SimiLar to U3. 

BOTTOM OF BORING 17.0 FEET. 

-

-

-

-

-

-

-

-

NOTES: NEW BEDFORD SUPERFUND SITE • 
1). All depths are refer
enced to river bottom. NEW BEDFORD, HA 

DATE 13 Nov 87 PROJECT 87311 

GEl 

"', 


II 



BORING LOCATION ...,;S::.::ee~F~i..:&9.:..• ...::2:..-______ DATE START/FINISH 21 Sept 1987 / 21 Sept 1987 PD-34A 
GRCXJNO ELEVATION (MLW) _-...::0:.:,.,;:,4...,;f""'t....____ DRILLED BY D. Serowik. Guild Drill ins 

GRCXJNDWATER EL. NIA DATE LOGGED BY M. Mahoney. GEl TOTAL DEPTH (FT) 8.5 PG. 1 OF 1 

EL. DEPTH SAMPLE 
REMARKS 

FT FT 
TYPE IBLOIJS/ IPEN IREC.
&No. 6 IN. IN. IN. 

SOIL AND ROCK DESCRIPTIONS 

~o cas i ng used S 
~or vane tests. : 
~sh boring ~ 

I  ~ing NW casing '( -
lafter vane 
~ests. 0 

Il 
-5 U01 PUSH 24 24 Ii U01: (Tube trimmings) Sandy Organic CLay. 10-20% nar

1-5 : rawly graded fine sand, law plasticity, 10-20%
shells, strong organic odor, olive gray. (OL) • 

•r:: 
U02 PUSH 24 24 Uo2: Simi lar to U01. 

I- -
I-

BOTTOM OF BORING 8.5 FEET. 
-10 

1-10 -

-

-15 
-15 

-

I 

~ 

I 

-

BUllS PER 6"-140LB. HAMMER FALLING 30" TO DRIVE 
A 2.0 IN. 00 SPLIT SPOON SAMPLER 

PEN-PENETRATION LENGTH OF SAMPLER OR CORE BARREL 
REC-RECOVERY LENGTH OF SAMPLE 
RQD-LENGTH OF SOUND CORES>4 IN./LENGTH CORED, X 
S-SPLIT SPOON SAMPLE 
U-UNDISTURBED SAMPLE UF-FIXED PISTON 

UO-OSTERBERG 
• GROONDI,lATER 

NOTES: 
1). All depths are refer
enced to river bottom. 

-

-

-

-

-

NEW BEDFORD SUPERFUND SITE 

NE'J BEDFORD, MA 

DATE 13 Nov 87 PROJECT 87311 

GEl 

• 

• 

• 

-
-

-

-

• 

- '--'. 


.. 
• 


• 

• 
• 

-
.. 
• 

: '.. 



• 


.. 


-

-

-

• 

• 
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• 


• 


• 


• 


TEST PIT LOG TP-l 
PROJECT NO. ::::,873=-:1:-;.1_-::-_______ 

LOCATION NEY BEDFORD, MA 
PROJECT NEY BEDFORD SUPERFUND SITE 

LOCATION See Fig. 2 

CLIENT U.S. ARMY CORPS OF ENGINEERS 

CONTRACTOR/EQUIPMENT J.S. LUIZ, INC. / FORO 750 
 GRClJND EL. _6:::...~0:.,..,.:-ft.::...-________ 
OBSERVED BY B. KILCOYNE) GEl DATE 22 SEPT 1987 DATUM Ml~ 

DEPTH 

BELOW 


GRClJND 
 SOIL DESCRIPTION 
SURFACE 

(FT) 

Silty Sand. Widely graded, predominantly fine to coarse sand, 10-15% fines, 10% 
gravel to 3", 40% by volune angular cobbles and boulders to 3'max. dimension, tan. (SM). 

3.2 feet 

BOTTOM OF HOLE 4 FEET. 

-5 

-6 

-

-


REMARKS: 
1) Samples collected by Corps persomel: 1 c~site s~le 

PIT DIMENSIONS (FT)
LENGTH __1-:-1_______ 
WIDTH 6 
DEPTH 4 

GEl 



• 


TEST PIT LOG TP-2 

PROJECT NEW BEDFORD SUPERFUND SITE 
LOCATION NEW BEDFORD. MA 

PROJECT NO. ~873:.:..:..1..;..1--,,......______.'" ,-
LOCATION See Fig. 2 

CLIENT U.S. ARMY CORPS OF ENGINEERS 
CONTRACTOR/EQUIPMENT J.S. LUIZ. INC. / FORD 750 GROJND EL. ,.:.;10:,:.""8'-'-'ft:.,:.________ • 
OBSERVED 

DEPTH 

BELO\I 


GROJND 

SURFACE 


(FT) 

r-2 

-4 

~5 

-

DATUM MLWBY B. KILCOYNE. GEl DATE 22 SEPT 1987 

•SOIL DESCRIPTION (PIT A) 

0-0.1' TOPSOIL • 
0.1-0.6' Narrowly Graded Sand. Fine to very fine sand, <5% fines, dark gray-green. (SP). 

0.6-1.0' Leather Scraps, Glass, and Wood.(FILL) 


1.0-5.0' Brick Rubble. Bricks and mortar, some metal pipes. Matrix of silty sand, widely graded -
fine to medium sand, 10-15% fines, black.(FILL) 

-
-
• 

5.0-6.0' 	Silty Sand. Widely graded fine to medium sand, 10-15% fines, 5-10% gravel to 

2" max. size, light orange-brCM'l. (SW-SM). 


BOTTO. OF HOLE 6 FEET. 

•-r 
-	 V"' 

•\.1-
~B 

> 
1 

A 
~ 

• 
~'v/ ~ . 

'2 .... t • 

11I:Cllt 

31 

C C.ONc..~ E. '\ =
1oN,.:I.\.. ' 

/l1<./I'=-I?\.. p.....J 

•.. 
-;;'E'-\'ION t:...,-A 

Looloc..\ t--lCs f..IOI2.' ~ -e:~-:. T -PIT DIMENSIONS (FT)REMARKS: 
LENGTH A 10 B 8 1) Samples collected by Corps personnel: 1 from 0.1-0.6' 
WIDTH 3.5 3 
DEPTH 6 2.5 

1 ca11XlSit~ -2) No groundwater observed. 

GEl T..
===============================================================d 
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TEST PIT LOG 


PROJECT NE~ BEDFORD SUPERFUND SITE 
LOCATION NE~ BEDFORD, MA 
CLIENT U.S. ARMY CORPS OF ENGINEERS 
CONTRACTOR/EQUIPMENT J.S. LUIZ, INC. l FORD 750 

TP-3 

PROJECT NO. 87311 
LOCATION See Fig. 2 

GROUND EL. 8.7 ft. 
DATUM ML~OBSERVED BY B. KILCOYNE, GEl DATE 21 SEPT 1987 

OEPTH 
BELOW 

GRClJND 
SURFACE 

eFT) 

fo-1 

-2 

~3 

~4 

-5 

f-7 

f-B 

I-

I-

I 

f-

SOIL DESC·RIPTION 


Si lty Sand. Widely graded fine to mediun sard, 10-15% fines, many cinders and slag 
black, (layer get thicker to east: extends to 6' deep 17' away).(FILL) 

• 

Widely Graded Sand. Mediun to coarse sand, 5-10% rounded gravel to 2" max. size, 5-10% fines, 

6.0 feet 	 CONCRETE~6 '¥ 

tan. (S'oI-5M). 

~ 3.3' lIol, 
In; r I~ 

vvAl-'-
BOTTOM OF HOLE 6.5 FEET. 

3.~· 

/o.J .... I ! 	 l~~
fI 	 CONCRETE. 

w/GR ANI TE I.,'<, ~l 1 

U~..:J~O 

.." .....c .. tII~ 

\ 

~ 

~ 

~I;;/ 7:J 	
CONCRETE 

/ ~- i -" -f, 	
'5E.C.T\Or-..J t>..,-A..~QUNDATION w AI...\,-

I I -o- f { ( , ( 

Loo~'~~ lo.lol2.T~ 

PI... ~...J4{.J 
REMARKS: 
1) Sampl es co II ected by Corps persomel: , 

, 
fran 0-1.0' 
fran '-2.5' 

PIT DIMENSIONS eFT) 
LENGTH 12, 17 
WIDTH 3.5 

1 c~ite DEPTH 6.5 
2) Sample taken at 4' by GEl for gradation test. 

GEl 

\:::l-
II 

t;
l 

II 



TEST PIT LOG TP-4 

PROJECT NE\J BEDFORD SUPERFUND SITE PROJECT NO. 87311 ~!I' 
LOCATION NE\J BEDFORD, MA LOCATION See Fig. 2 
CLIENT U.S. ARMY CORPS OF ENGINEERS 
CONTRACTOR/EQUIPMENT J.S. lUIZ, INC. £ FORD 750 GROUND EL. 8.4 ft. 
OBSERVED BY B. KILCOYNE, GEl DATE 21 SEPT 1987 DATUM Ml\J 

DEPTH 
BELOW 

GROUND SOIL DESCRIPTION 
SURFACE 

(FT) 

Si lty Sand. Widely graded fine to mediun sard, '0"5~ fines, many cinders and slag. 
sheet metal, some bricKs, blacK.(FILL) 

~1 •
1••0-1.6' Narrowly Graded Sand. Fine to mediun sand, <S~ fines, light yellow-tan. SP. 

, .6-2.0' Narrowly Graded Sand. Fine to medium sand, 5-1OX fines, light 
~2 brown-beige. (SP-SM). 

2.0-3.0' \Jidely Graded Sand with gravel. Fine to coarse sand, 10-15~ gravel 
to 3" max. size, 5-10~ fines. occasional cobbles, light orange brown. (S\J-SM). 

r-3 grading to 
3.0-5.5' Narrowly Graded Sand. Fine to medium sand, S-1OX fines, light 

orange brown. (SP-SM). 

f-4 

r-5 

5.5-6.0' Narrowly Graded Sand. Fine to very fine sand, S-'OX silt, lightsz.. 5.9 ft. orange-brown. (SP-SH). 
r-6 

BOTTOM OF HOLE 6.0 FEET. Ic= 
3.0 

"'1 
r-7 l- I /11 ~ 1/ 

~.' I 

r-B A ., 
2.0'

1 ::z .....I I .... , 
~I r '1="
), 
.... 

I·~I 
- ~ t  ... ;, 

b----.~ CON'-~"i iE. 
,,?!. FOUNDATION· WAL.L t ... 

"J 
, WI"T~ '="<"':::-'o..Jl';:' 

r- TPI+ 
, 
" I  c.o~c,-c.s 
~ 
\, 

j 
I 

r
711-r '-:. 

A 
PL~~ 5E.c.T\ o--.J A-A. 

r
L.o O.~.l.-..l G. NoRT H 

REMARKS: PIT DIMENSIONS (FT) 
') S~les collected by Corps persomel: 1 fran 0-1.0' LENGTH 10 

1 fran 1.6-2.0' WIDTH 4.5 
DEPTH 6.0 

2) S~le collected fran 3.0-4.0' by GEl for gradation tests. 

.....!I' 

GEl 

• 
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-

-

-

-

• 


.. 


.. 

• 

• 


• 


-
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.. 

• 




• 


• 


-

-

-

• 


• 


• 

.. 

.. 

.. 

• 

.. 

• 

11,.",1 
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TEST PIT LOG TP-5 

PROJECT NE~ BEDFORD SUPERFUND SITE 
LOCATION NE~ BEDFORD. lolA 
CLIENT u.S. ARMY CORPS OF ENGINEERS 
CONTRACTOR/EQUIPMENT J.S. LUIZ. INC. l 
OBSERVED BY B. KILCOYNE. GEl 

FORO 750 
DATE 21 SEPT 1987 

PROJECT NO. 87311 
LOCATION See Fig. 2 

GRa.JND EL. 8.1 ft. 
DATUM lolL'll 

DEPTH 
BELO\I 

GRa.JND 
SURFACE 

(FT) 

f-1 

1-2 

f-3 

3.5 

f-4 

f-5 

f-6~ 

-7 

-8 

-9 

-


-


'-

SOIL DESCRIPTION 


Brick Rubble. Bricks and mortar, matrix of widely graded silty sand, predomin
antly medium to fine sand, 10-15% fines, black.(FILL) 

• 

Silty Sand with Gravel. Widely graded fine to coarse sand, 10-15% gravel to 3" max. size, 
10-15% fines, occasional cobbles, tan. (SW-SM). 

6.0 feet 

It'':1\ 
BOTTOM OF HOLE 7 FEET. 

.\ 
I 

fJi"t,. 
----l 

-r1;
N " ~ AL~i. ...J 

\.a...f,b..N OON E. t> 
; ~ 

;::-OUN \)A-r'\oNS , ",\
::::1 

.~ If' 
.. -.. - ..'." '.'." l~ ". 

\. 
C.O j.,.J C.12 e"T£. , 

I 
INA L..\.. ~ 

! 
I 

I 
I 

I 

Lr--

I 

I 
c.. 0 I'oJ(: " e."\ E. 

21~~OO\I~O -

J.. 

.7"-"" roO,1 o.l~. 
j '--ni.... /It ~ 11"r- i..,. T~CS 

D E.. t~:? a "
'PLA..,.j .-:, e..C:TI o,."l t>.- .... 

REMARKS: PIT DIMENSIONS (FT) 
1) Sampl es collected by Corps persomel: 1 conposite LENGTH 10 

WIDTH 5.5 
DEPTH 7 

GEl 

A I II , , 
: 
,, 
i 
:4' 
I 
\ 



TEST PIT LOG 


PROJECT NEil BED FORD SUPERFUND SHE 
LOCATION NEW BEDFORD, MA 
CLIENT U.S. ARMY CORPS OF ENGINEERS 
CONTRACTOR/EQUIPMENT J.S. LUIZ, INC. 
OBSERVED BY B. KILCOYNE, GEl 

l FORO 750 
DATE 21 SEPT 1987 

DEPTH 
BELO\I 

GROJND SOIL DESCRIPTION 
SURFACE 

eFT) 

0-1.0' BricK Rubble. 

r-l 

fine to medium sa
1.0-1.6' Ash. 

gravel to 2" IIlIX. 

nd, 10-15% fines, blacK.(FILL) 

~2 
1.6-3.0' Narrowly Graded Sand. 

--3 
3.0-4.0' Widely Graded Sand 

to 2" si
with Gravel. 

-4 

max. 

4.0-7.0' Silty Sand. Narro

ze, 5-10% fines, 

wly graded fine to medium sand, 

-5 

-6 g 6.0 feet 

-7 
7.0-7.5' Silty Sand. Narrowly graded organic very fine 

r-8 

ignificant 
BOTTOM OF HOLE 7.5 FEET. 

organic matter. (SP-SM) 

1-9 

I 

t- 

r-

BricK and mortar, matrix of silty sand, widely graded 

Ash with narrowly graded sand, mostly medium sand, occasional 
size, light gray to brown.(FILL) 

I 

Fine to medium sand, 5-10% fines, tan. (SP-SH) 

Fine to coarse sand, 10-15% gravel 
light orange-brown. (SW-SM). 

10-15% fines, tan. (SP-SM) • 

REMARKS: 

1) Samples collected by Corps Personnel: 1 cocrposite 

2) Bottom of foundation not encountered. 


TP-6 


PROJECT NO. 87311 
LOCATION See Fig. 2 

GRaJND EL. 8.4 ft. 
DATUM MLIJ 

to fine sand, 15-20% fines, contains 

PIT DIMENSIONS (FT) 
LENGTH 10 
WIDTH 5 
DEPTH 7.5 

GEI 

. 

r--' 

,,' 

-
-
-
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-

-
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TEST PIT LOG TP-7 
PROJECT NEW BEDFORD SUPERFUND SITE PROJECT NO. 87311 
LOCATION NEW BEDFORD. MA LOCATION See Fig. 2 
CLIENT U.S. ARMY CORPS OF ENGINEERS 
CONTRACTOR/EQUIPMENT J.S. LUIZ. INC. £ FORD 750 GRWND EL. 8.9 ft. 
OBSERVED BY B. KILCOYNE. GEl DATE 21 SEPT 1987 DATUM MLW 

DEPTH 
BELOW 

GROUND SOIL DESCRIPTION 
SURFACE 

(FT) 

0.6 

--1 

--2 

~3 

1-4 

1-5 

-6 ~ 

Widely Graded Sand. Mediun to coarse sand 15-2OX gravel to 2" max. size, <5% fines, many 
cinders, slag, same briCKS and cobbles, black.(FILL) 

0.6-1.1' Widely Graded Sand with Gravel. Mediun to coarse sand, about 15% gravel to 3" max. size, 
occasional cobbles, <5% fines, tan. (SIJ). •1.1-2.0' Similar to surface layer. (FILL) 

-Widely Graded Sand. Mediun to coarse sand, 5-1OX rounded gravel 
to 2" max. size, occasional cobbles, 5-1OX fines, tan. (SIJ). 

6.0 feet 

r--7 

-

BOTTOM OF HOLE 6.5 FEET. ~ ~.~' ""I 
GI12.0-.;1'-..JI'::) 

,::>...;R...;:' ""'-Ii:. ~ 

m I.,;. I, I K r~[ 
II 

A. c,.oo-J c.1C..~\ ~ 
i 

1~.5' 
, 

"I i 
'NAI-l~ :+.~ 

I 

-

~ 

-

-

./ 
,-

~11' ~ ~ 
O.i.' 

I 
i r--

1 ~ 
I 

Ii 

1 :::.I='QUNDATION w ~ 1.. \.. 

1. f~ c~<"a~E~1 I .... 

v.J \ "T H C::l ~ 1"T"lS. (~ {-., ..... 

A- I ; Ii' > , , "1;)
c.o.-.J '-IZ..~.,.E. 

?l-~~ t--4 V D "'-A AT en 
c::, E.c..\", C,...j A-Po.. 

REMARKS: PIT DIMENSIONS (FT) 
LENGTH 13 14.5 
WIDTH 4 
DEPTH 6.5 

GEI 



TP-8TEST PIT LOG 
PROJECT NEW BEDFORD SUPERFUND SITE PROJECT NO. :::.873~1-:-1--:::--______'-., 
LOCATION NEV BEDFORD, MA LOCATION See Fig. 2 
CLIENT U.S. ARMY CORPS OF ENGINEERS .. 
CONTRACTOR/EQUIPMENT J.S. LUIZ. INC. / FORD 750 GRClJND EL. ~8=:-:.7,--!.f.:,.t.=--________ 
OBSERVED BY B. KILCOYNE, GEl DATE 22 SEPT 1987 . DATUM MLW 

DEPTH 

BELOW 


GRClJNO 
 SOIL DESCRIPTION 
SURFACE 
(FT) 

BricK Rubble. BricKs and mortar, metal pipes, timbers, scrap metal. Matrix of 
silty sand, widely graded, fine to medium sand, 10-15% fines, brown-blacK. 
(FILL) 

1-1 

1-2 

.1-3 

-4 
t-----t-orR"efusal, concrete slab-------------------------------t 

BOTTOM OF HOLE 4.2 FEET. 

--5 

-6 

I-

I-

I 

-


-


-


.. 


.. 


.. 


.. 

-

-

• 


• 

• 

• 

.. 

-

-


.. 


PIT DIMENSIONS (FT) 
1) Samples collected by Corps persomel: 1 cOIq)OSite 
REMARKS: 

LENGTH _';.:;8;.-_______ 
WIDTH 10 

. DEPTH -'-':4'-.2=--------2) No groundwater encountered. 

GEI 
.' 


• 
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TEST PIT LOG 


PROJECT NEY BEDFORD SUPERFUND SITE 
LOCATION NEY BEDFORD. MA 
CLIENT U.S. ARMY CORPS OF ENGINEERS 
CONTRACTOR/EQUIPMENT J.S. LUIZ. INC. FORD 750l 

DATUM MlYOBSERVED 	 BY B. KILCOYNE. GEl DATE 21 SEPT 1987 

DEPTH 
BELOW 

GRClJND 
SURFACE 

eFT) 

1--1 

1.8
r-2 

-3 

3.5 

-4 

-5 

-6 

5l
r- 7 

r-8 

:--9 

-

r

r-

REMARKS: 

SOIL DESCRIPTION 


Asphal t. 	Asphalt slabs, some bricks, matrix of silty sand, widely graded 
fine to medh.... sand, 1D-15X fines, 5-10X gravel to 2" max. size, light brown.eFILL) 

• 

Uidely Graded Sand with Silt. Fine to medium sand with about 10-15X fines, many cinders, glass, 
bricks, steel pipe, black.eFIlL) 

Silty Sand with Gravel. Uidely graded fine to coarse sand, 1S-20X gravel to 2" max. size, 
10-1SX fines, many cobbles, light yellow-brown. (SU-SM). 

6.5 feet 

BOTTOM OF HOLE 7 FEET. 

1) Samples collected by Corps persomel: 1 COlT'pOS i te 
1 from 1.8-3.5' 

'TP-9 

PROJECT NO. 87311 
LOCATION See Fig. 2 

GROUND EL. 11.0 ft. 

PIT DIMENSIONS eFT) 
LENGTH 10 
UIDTH 5 
DEPTH 7 

GEl 



-

TP-10TEST PIT LOG 

PROJECT NEil BEDFORD SUPERFUND SITE 
LOCATION NEil BEDFORD, MA 
CLIENT U.S. ARMY CORPS OF ENGINEERS 
CONTRACTOR/EQUIPMENT J.S. LUIZ, INC. / FORD 750 
OBSERVED 

DEPTH 
BELO\I 

GROUND 
SURFACE 

eFT) 

BY B. KILCOYNE, GEl DATE 22 SEPT '987 

SOIL DESCRIPTION 

Brick Rubble. Bricks, mortar and concrete, many bottles, broken glass, scrap 
metal, wire, wood, matrix of silty sand, widely graded mediun to fine sand, -
10·1SX fines, 	dark brown.(FlLL) 

• 

-

-


PROJECT NO. :,;873-=-::-'..,...'~:--_______'-~I -
LOCATION See Fig. 2 

GRClJND EL. ~'2:.:.~0...:f~t'""_______ • 
DATUM MLII 

• 

• 

~S 

t-----i--E	"o-ncrete pad or nud mat. -----------:-------------------; 
BOTTOM OF HOLE 6.3 FEET. • 


• 

• 

-

-

-


C.ON C. 2. e.. \' €: 
J:OOTING 
-.J'A 

~ e:.c:..T \ 0 	 ,J 

PIT DIMENSIONS (FT) 
LENGTH IrreguLar 
WIDTH Irregular
DEPTH ......::6:.:,.::.3_______ 

GEl 

-

-


REMARKS: 


1) No groundwater encountered. 
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TP-llTEST PIT LOG 
PROJECT NO •.!::8~73~1;..!1_-=-_______ 

LOCATION NEW BEDFORD. MA 
PROJECT NEW BEDFORD SUPERFUND SITE 

LOCATION See Fig. 2 

CLIENT U.S. ARMY CORPS OF ENGINEERS 

CONTRACTOR/EQUIPMENT J.S. LUIZ. INC. / FORD 750 
 GROJND EL •.~1~0:.:.O~f~t....________ 
OBSERVED BY S. KILCOYNE. GE I DATE 21 SEPT 1987 DATUM MLW 

DEPTH 

BELOU 


GROUND 
 SOIL DESCRIPTION 
SURFACE 

(FT) 

BricK Rubble. BricKs and mortar, some cinders: matrix of silty sand, 

fine to medium sand, 10-15X fines, blacK.(FILL) 


-2 

-3 

3.5 
Ash with Sand. Ashes with narrowly graded sand, mostly medium sand, occasional gravel to 21t max. 

'-4 size, some briCKS, light gray, occasional rust-orange stained layers.CFILL) 

-5 
Silty Sand. Widely graded fine to medium sand, some coarse sand, about 10"; gravel to 3" max. size, 

10·1SX fines, some briCKS, tan. CSW-SM/FILL). 

~ 6.4 feet 

1-7 
BOTTOM OF HOLE 7 FEET. 

r-8 

I-

I-

REMARKS: PIT DIMENSIONS eFT)
LENGTH __9;...-_______1) Samples collected by Corps persomel: 	1 cOITpOSite 


1 from 3.5-5.0' 
 WIDTH _-:4:-________ 
DEPTH _""'7________ 

GEI 



TEST PIT LOG 

PROJECT NE~ BEDFORD SUPERFUND SITE 
LOCATION NE~ BEDFORD, MA 
CLIENT u.s. ARMY CORPS OF ENGINEERS 
CONTRACTOR/ECUIPMENT J.S. LUIZ, INC. / FORD 750 
OBSERVED BY B. KILCOYNE, GEl DATE 22 SEPT 1987 

DEPTH 
BELCl'oI 

• 
TP-12 

PROJECT NO. ~873~1.:...1_=--______ 
LOCATION See Fig. 2 

GROUND EL •.:-:9':,.l.",,8...f...t..:..._______ "~I 
DATUM MLIo' -

SOIL DESCRIPTIONGROUND 
SURFACE 

(FT) • 
BricK Rubble. BricKs and mortar, some ash and cinders. Matrix of silty sand, 


widely graded fine to medium sand, 10-15X fines, blacK.(FILL) 


r- 1 -

-

-

-~~oncrete slab---------------------------------------------------------------------------------------------------; 
BOTTOM OF HOLE 4 FEET. -

-5 

• 
-6 

-7 

-
II 

-

.. -

II 

- -
REMARKS: PIT DIMENSIONS (FT) 

1) Samples collected by Corps persomel: 1 ccxrposite 
 LENGTH _1:..,;1,..-:-_______ 

1 surface sample WIDTH 3.5 

2) Leather cuttings and scraps on surface. 
 DEPTH _~4________ -
3) No groundwater encountered. ..

GEl 

--' 

• 
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• 
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• 

• 
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TP-13TEST PIT LOG 

PROJECT NO. 87311 

LOCATION NE~ BEDFORD. MA 

PROJECT NE~ BEDFORD SUPERFUND SITE 

LOCATION See Fig. 2 
CLIENT U.S. ARMY CORPS OF ENGINEERS 
CONTRACTOR/EQUIPMENT J.S. LUIZ. INC. ~ FOlD 750 GROUND EL. 8.7 tt. 

OBSERVED BY B. KILCOYNE. GEl DATE 22 SEPT 1987 
 DATUM MLIJ 

DEPTH 

BELD'IJ 


GROUND 
 SOIL DESCRIPTION 
SURFACE 

eFT) 

f-1 

r- 2 

--3 

1--4 

--5 

-6 

-


-


f-

I 

t 

t-

BriCK Rubble. BriCK and mortar, some scrap metal, matrix of silty sand, widely 
graded, mostly fine to medium sand, 10-15X fines, brown-blacK.eFILL) 

! .6- ~oncrete slab. 
BOTTOM OF HOLE 4.6 FEET. 

t 
I 


REMARKS: 

1) No groundwater encountered. 

I
c.::s.W:OIo,,)~O 3.3' "..'

.;, IS..J ~;:::AC.'=-
/" ~ }I -" ;,,-- .. ... 

I-

.... :l 
;f 

-.- _ 
.-


A.. 
 ' r CONCRETE 
"3.f

I 
-;:: w,o.L\... :1
III 

I, 
-'"
I 

~ourvOATION V.J A\..'- cp 
I 

,..\..'1" ~ 
I 

II 

~ 

0.4 
• -;.(Tf13 

(OrvCRETE. 
SLA B-.JP-

PLt;...p...J 

I 
o.'T<1 

---... O.~ 
_ Ii.·~~RANrTE 
- 7 '? 
.' BL..Oc,k..S 

SEc<:.T1O.....J 

PIT DIMENSIONS eFT) 
LENGTH 12 
WIDTH 4.5 
DEPTH 4.6 

GEl 

• 
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Environmental Drilling, Inc. 
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September 1988 
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SAMPLING AND COR ING 

OPERATIONS 
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August 1988 and November 1988 
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·GZA ,'DRILLING, INC. PROJECT REPORT OF BORING No. ~H-1 
SHEET 1~1 

. . 1215 W. CHESTNUT ST. BROCKTON MA 02401 CCJ4BINED DISPOSAL FACILITY FILE No. 13274 
.. ~~(~A~DI~V~I~S~ION~~OF~GO~LD~B~E~RG~-~!~O~IN:O~&~A~S~~~I~A~T=E!S,~I=NC:)~~~-=====A~E~U==BE~D=F=OR=b~.==MA====~____Jl____~C:H:ICD~.~B~Y-====JE=H==~__--1 

FOREMAN: R. JONES BORING LOCATION AS LOCATED BY R. ZOPPa CCJ4PANY 
C;'ASSIFIED BY: J. FORDE GROUND SURFACE ELEVATION DATUM 
INSPECTOR: DATE START 8/24/88 DATE eNb 8125188'---

• 

-
... 

.. 
• 

UNLESS OTHERWISE NOTED, SAMPLER CONSISTS OF A 2" SPLIT 
SPOON DRIVEN USING A ,~O lb. HAMMER FALLING 30 In. 

GROUNDWATER READINGS 

UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. 
HAMMER FALLING 24 In. 

CASING SIZE: 4" (HW) OTHER: 

D C B 
E A L SAMPLE SAMPLE 
P S 0 
T N W PEN.I DEPTH 

DATE 

8/25 

DESCRIPTION 

H G S No. REC (Ft.) BLOWS/6" BURMISTER CLASSIFICATION 

a 

5~~-~---~.....--~------~ 

TIME WATER CASING STABILIZATION TIME 

R 
E 

TIDAL AREA 

M STRATUM DESCRIPTION 
K 
S 

0' 

STONE DUST 

FILL 

• 10~~--~---+------~------~ 
Geotextile Matting ~ 

., 

• 
20~-+---+--~------~--------~ 

• 

25~_+--~---~------~------~ 

• 
This is to certify the information 

,,"--------------~'-~ 

ORGANICS 

23 ,'--------------------1 

SAND, 

Gravel 

28'------------------~ 
BOTTCJ4 OF BOREHOLE 

• 30~~--~---+------~------~ ~~. 

• 

GRANULAR SOILS 
Blows/Ft Density 

0- 4 V. LOOSE 
4-10 
'0-30 

LOOSE 

1-50 
~50 

DENSE 
M. DENSE 

V. DENSE 

COHESIVE SOl LS 
Blows/Ft Density 

< 2 V. SOFT 
2- 4 
4- 8 

SOFT 

8-15 
15-30 

STIFF 

> 30 

M. STIFF 

V. STIFF 
HARD 

REMARKS: 1. Installed Sl~ Indicator Casing to depth of 23'7 using 
following lIsted materials: 
a.> 30' of sl~ indicator casing with couplings.
b.) 50 pounds of flint shot sand. 
c.) Cement groute from 28' to 23' depth. 
d.) Sand backfill from 23' to 3' depth. 

2. This installation was not accepted due to misalignnent
of casing and was redone and riuItlered MI-1A 

- NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL. 
2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STATED FLUCTUATIONS OF GROUNDWATER

MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN tS WERE MADE .....____________---1
GZA 

, 
BORING No. MI-1 



'GZA,DRI:L~I:NG, I:NC. PROJECT REPORT OF BORING No. MI-1A 
SHEET l-CW-' 

. 1215 W. CHESTNUT ST. BROCKTON MA 02401 COMBINED DISPOSA~ FACILITY FILE No. "3274 T(A DIVISION OF GOLDBERG-iOINO &ASSoCIATES, INC) JlEg BEDFORD Q CHKD. BY JER 
FOREMAN: R. JONES BORING LOCATION AS LOCATED BY R. ZOPPO COMPANY I 

CLASSIFIED BY: J. FI:IRDE GROUND SURFACE ELEVAtiON DXTOM 
INSPECTOR: DATE START §l~lM D"tE ERb 8l26l88 

'" SAMPLER: UNLESS OTHERWISE NOTED
L 

SAMPLER CONSISTS OF A 2" SPLIT GROUNDWATER READINGS ~ 
SPOON DRIVEN USING A 1 0 lb. HAMMER FALLING 30 In. . 

DATE TIME WATER CASING STABILIZATION T~ 
CASING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. 

HAMMER FALLING 24 In. 8/26 TIDAL AREA • 
CASING SIZE: 4" (HW) OTHER: I 
D C B R 
E A L SAMPLE SAMPLE DESCRIPTION E 

TP S 0 M STRATUM DESCRIPTION 
T N W PEN./ DEPTH II:: 
H G S No. REC (Ft.) BLOWS/6" BURMISTER CLASSIFICATION S 

0 0' 

T 
STONE DUST 

5 FILL T 
T 

10 rGeotextile Matting ~", 

r 
15 '~r 

ORGANICS ,. 
20 

r 
23'6 

25 SAND, r 
Gravel rThis is to certify the Information m.....ith;.~t.. 28'6beSt my knowledge and be °ef: 

~&'v ° 

BOTTOM OF BOREHOLE 

30 r,.:?'n B. Forde 

GRANULAR SOILS COHESIVE SOILS REMARKS: 1. Installed Slope Indicator Casing to depth of 28'6 using 1 
Blows/Ft Density Blows/Ft Density following llsted materials: 

0- 4 < 2 
e.) 30' of sl~ indicator casing with couplings. 

iV. LOOSE V. SOFT b.) 50 pounds of flint shot sand. 
4-10 LOOSE 2- 4 SOFT e.) Cement groute from 28'6 to 23' ~th.
10-30 M. DENSE 4- 8 M. STIFF d.) Sand baCkfill from 23' to 3' dept •
30-50 DENSE 8-15 STIFF e.) 4" die x 7'6 Protective easing with lock. .....> 50 V. DENSE 15-30 V. STIFF 

> 30 HARD 

NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL. I2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STAT~Df FLUCTUATIONS OF GROUNDWATER 

GZA 
MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN S WERE MADE . I 

BORING No. MI-1A 
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PROJECT REPORT OF BORING No. MI-2. GZA'DRILLIlfG, INC • . SHEET l-or-1 

• FILE No. 13274. 1215 W. CHESTNUT ST. BROCKTON MA 02401 COMBINED DISPOSA~ FACI~ITI
AEg BEISFDRIS. g(A DIVISION OF GOLD8ERG-!OINO &ASSoCIATES, INC) CHICO. BY JER 

BOIlING LOCATION AS LOCATED BY R. ZOPPO COMPANYFOREMAN: R. JONES 
C;'ASSIFIED BY: J. FDRISE GROUND SURFACE ElEvXTlDA bXtOM 

DATE START 8l~l88 bXTE ERO 8l23l88INSPECTOR: 

')LER: UNLESS OTHERWISE NOTEDLSAMPLER CONSISTS OF A 2" SPLIT GROUNDWATER READINGS'" SPOON DRIVEN USING A 1 0 lb. HAMMER FALLING 30 In. 
WATERDATE TIME 

"rer{ING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. 
HAMMER FALLING 24 In.- CASING SIZE: 4" (HW) 

D C B 
E A L - P S 0 
T N W PEN./
H G S 

0 

• 5 

10 

,.~ 

.. 


• 

.. 

.. 


" 

20 

25 

30 

No. REC 

GRANULAR SOILS 
Blows/Ft Density 

0- 4 V. LOOSE 
4-10 LOOSE 
10-30 M. DENSE 
0-50 DENSE 
50 V. DENSE 

SAMPLE 


DEPTH 

(Ft.) 


OTHER: 

BLOWS/6" 

COHESIVE SOILS 
Blows/Ft Density 

< 2 V. SOFT 
2- 4 SOFT 

8/23 

SAMPLE DESCRIPTION 

BURMISTER CLASSIFICATION 

This is to certify the information 

~:lthbest my knowl edge.:zt.and be . f. the 
tx-A ~ 

~ B. Forde 

R 
E 
M 
K 
S 

CASING STABILIZATION TIME 

TIDAL AREA 

STRATUM DESCRIPTION 

0' 

STONE DUST 

FILL 

Geotexti le Matting '7 
12' 

ORGANICS 

23' ..... 

SAND, 

Gravel 

28' 
W BOTTOM OF BOREHOLE 

4- 8 M. STIFF d.) Sand backfill fran 23' to 3' dept •
8-15 STIFF· e.) 4" dia x 7'6 Protective casing with lock.
15-30 V. STIFF 

> 30 HARD 

REMARKS: 1. Installed Sl~ Indicator Casing to depth of 28'6 using 
following l1sted materials: 
a.) 30' of sl~ indicator casing with couplings. 
b.) 50 pou'Ids of Ottowa filter sand. 
c.) Cement groote fran 28'6 to 23' d~th. 

NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL. 
Z) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STATED fLUCTUATIONS OF GROUNDWATER 

MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMENtS WERE MADE IGZA BORING No. MI-2-



REPORT OF BORIMG Mo. MW-APROJECTr-. GZA,DRIL~ING, INC. 
SHEET 1--0r--l 

1215 W. CHESTMUT ST. BROCKTON MA 02401 FILE No. 13274COMBINED DISPOSAL FACILITY 
CHICD. BY JER •(A DIVISION OF GOLOBERG-!OIMO &ASSoCIATES, INC) AEg IIEDFCRD. Q 

FOREMAN: R. I400RE BORING LOCATION AS LOCATED BY R. ZOPPa CCJ4PANY 
CLASSIFIED BY: J. FORDE GRClJND SURFACE elEVAtiON DXtUM 
INSPECTOR: DATE START 11lBl88 ______ DXtE ERrl 11l8l88 

SAMPLER: UNLESS OTHERWISE MOTEDLSAMPLER CONSISTS OF A 2" SPLIT GRClJNOWATER READINGS ~ SPOON DRIVEN USING A 1 0 lb. HAMMER FALLING 30 In. 
WATER CASINGDATE TIME STABILIZATlON'-

CASING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. ,jTIDAL AREA 111/B 

OTHER: 

D C B 
E A L 
P STRATUM DESCRIPTIONS 0 ., 1 

T N W 
H BLOWS/6" 

0 0' 

lSTONE DUST 

5 FILL 1 , 
I 

10 10' 

1 
ORGANICS , 

15 

16' 
BOTTOM OF BOREHOL~-r 

I20 

I 
,.

25 

T 
30 i 

-

HAMMER FALLING 24 In. 

CASING SIZE: 4" (HW) 

G S No. 
PEN.I 

REC 

SAMPLE 


DEPTH 

(Ft.) 


10' 

SAMPLE DESCRIPTION 


BURMISTER CLASSIFICATION 


This i. to certify the infonaation 

reported her ...i th f s accurate to the 

*w.;~~t
J B. Forde. .. 

R 
E 
M 

Ie 

S 

GRANULAR SOILS 
8lows/Ft Density 

0- 4 V. LOOSE 
4-10 LOOSE 
10-30 M. DENSE 
30-50 DENSE 

> 50 V. DEMSE 

COHESIve SOILS 
Blows/Ft Density 

< 2 V. SOFT 
2- 4 SOFT 
4- 8 M. STIFF 
8-15 STIFF 
15-30 V. STIFF 

> 30 HARD 

REMARKS: 1. InstaUect Observation Well to a depth of 16'using 
fOllowi~ listed ..terials: 
a.) 2'0 2" Teflon Silt Traf' 5' Screen, 12' Riser Pipe 
b.) 100 pounds of ottowa fi tar sand fra. 16' to 11' 
c.) 25 ~ of bentonite pellets frCIII 11' to 8' 
d.) Sand backfill fro. 8' to ground surface 
e.) 4" dia x 7'6 Protective casing with lock T ........ 


NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL. 
2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STAT~Dt FLUCTUATIONS OF GRClJNDWATER TMAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN S YERE MADE rGZA BORING No. MW-A 

I 

I 
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•• 

•• 

•• 

• 

FOREMAN: 
CLASSIFIED BY: 
INSPECTOR: 

PLER: 
.".,,/ 

- CASING SIZE: 4/1 (HW) 

STABILIZATION TIMECASING 
CASING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. 

TIDAL AREA 

GZADRlLLING, INC. PROJECT REPORT OF BORING No. HW-B 
SHEET 1-01 1 

1215 W. CHESTNUT ST. BROCKTON, MA 02401 ~BINED OISPOSA~ FACl~ITY FILE No. 1J274 
(A DIVISION OF GOLDBERG-iOINO &ASSOCIATES, INC) IiIEg BEDFORD, Q CHICO. BY JER 

R. MOORE BORING LOCATION AS LOCATED BY R. ZOPPa CQ4PANY
J. FORCE GRWND SURFACE ELEVATION OATUM 

DATE START 11£9£88 D~TE Elm =IU9£88 

UNLESS OTHERWISE NOTED SAMPLER CONSISTS OF A 2" SPLIT 
SPOON DRIVEN USING A 1 L0 lb. HAMMER FALLING 30 In • 

GRWNOWATER READINGS 

DATE TIME WATER 

11/9 

STRATUM DESCRIPTION 

0' 
STONE DUST 


FILL 


3' 


ORGANICS 

7' 
BOTTOM OF BOREHOLE 

, 

HAMMER FALLING 24 In. 

0 
E 
P 
T - H 

0 

5 

10 

I'--' 

.1 

20 .. 
• 

2S 

30 

C B 
A L 
S 0 
N W 
G S No. 

PEN.I 
REC 

GRANULAR SOILS 
Blows/Ft Density 

0- 4 V. LOOSE 
4-10 LOOSE 
10-30 M. DENSE
·0-50 DENSE 

,,,50 V. DENSE 

SAMPLE 


DEPTH 

(Ft.) 


OTHER: 

BLOJS/6/1 

COHESIve SOILS 
Blows/Ft Density 

< 2 V. SOFT 
2- 4 SOFT 
4- 8 M. STIFF 
8-15 STIFF 
15-30 V. STIFF 

> 30 HARD 

3' 

SAMPLE DESCRIPTION 


BURMISTER CLASSIFICATION 


This fs to ce~tffy the fnfo~tiOn 
repo~ted he~ewith f. ICcurate to the'IN-,A~'ef. 

n I. Forde, ." 

R 
E 
M 
K 
S 

REMARKS: 1. Installed Observation Well to a depth of 7'0 using 
followf~ listed ..te~ials: 
a.) 1'0 2" Teflon Silt T~af' 5' Sc~een, 5' R;se~ Pipe
b.) 100 pounds of ottowa fi te~ sand f~a. 7'0 to 1'0 
c.) 25 pCx.nds of bentonite pellets f~ 1'0 to g~OU1d 

.u~fac. . 

NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL.
2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STAT~Dt FLUCTUATIONS OF GRWNDWATER 

MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN S WERE MADE I ,GZA . BORING No. HW-B 



PROJECT REPORT OF BORING No. Ji4W-C iGZA DRZLLZNG', ZNC. 
SHEET 1'31~740rlFILE No.ca.BINED DISPOSA~ FACILITY1215 W. CHESTNUT ST. BROCKTON MA 02401 
CHIC!). BY JERIIl:wMCA DIVISION OF GOLDBERG-fOlNO &ASSoCIATES, INC) 1 

BORING , I\JIII H LOCATED BY R ZOPPO _.- ..~ I
FOREMAN: 	 R. MOORE 
CLASSIFIED BY: J: FerUlE GRClJND aID~~rt:t:L-:VAIIUIIII 1~'~UfI

DATE STW' "/9/88 UAII: I:MU i9iMINSPECTOR: 
I:g,."."'U.f.TER READINGS ~JSAMPLER: UNLESS OTHERWISE NOTED SAMPLER CONSISTS OF A 2" SPLIT 

SPOON DRIVEN USING A 1 0 L lb. KAMMER FALLING 30 In. 
DATE ITIME WATER 'CASING ISTABILIZATION TIMe 

CASING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. 
TIDAL AREA11/9 .. 

OTHER: I 
SAMPLE 

STRATlJ4 DESCRIPTION 
DEPTH 
(Ft.) BLOWS/6" 1 

0' 
STONE DUST 

FILL 1 
3' 

ORGANICS 1 
7' 	 j 

SAND , GRAVEL 

1 
12' 

BOTTOM OF BOREHOLE T 
~,. 

T 

T 


. T 

T 

T 
i 

HAMMER FALLING 24 In. 

CASING SIZE: 4" (HW) 

D 
E 
P 
T 
H 

0 

5 

10 

15 

20 

25 

30 

C B 
A L 
S 0 
N W 
G S No. 

PEN./
REC 

3' 

SAMPLE DESCRIPTION 


BURMISTER CI.ASSIFICATION 


This is to certify the infonDation 

rePOrted herewi th i. lICc:urate to the 

~~ n B. Forde, 

R 
E 


Ie 
" 
S 

GRANULAR SOILS 
BlowslFt Density 

0- 4 v. LOOSE 
4-10 LOOSE 
10-30 M. DENSE 
30-50 DENSE 

> 50. V. DENSE 

COHESIVE SOl LS 
Blows/Ft Density 

< 2 v. SOFT 
2-	 4 SOFT 
4-	 8 M. STIFF 
8-15 STIFF 
15-30 v. STIFF 

> 30 HARD 

RWRKS: 1. Installed Observation Well to • depth of 12'using 
fOllowi~ listed materials: 
a.) 2'0 2" Teflon Silt Traf' 5' Screen, 10' Riser Pipe 
b.) 100 poundS of ottowa fi ter sand from 12' to 5' 
c.) 25 ~ of bentoni te pellets frOlll 5' to 3' 
d.) Sri backf ill frQII 3' to grotni surface T 

~, 

-HOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL. 
2) 	 WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STAT~Dt FLUCTUATIONS OF GRClJNDWATER T

MAY OCC\JI\ DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN S WERE MAOE . IBORING No.~GZA -. 

I 



REPORT OF BORING No. ~·oPROJECTGZA DRILLING, INC. 
.SHEET 1-0r1 
FILE No. 1~274 .1215 W. CHESTNUT ST. BROCKTON MA 02401 COMBINED DISPOSAL FA~lbITY

!lEg BEDFORD, ~ CHICO. BY JER 

FOREMAN: R. MOORE 


(A DIVISION OF GOLDBERG·foINO &ASSoCIATES, INC) 

BORING LOCATION AS LOCATED BY R. ~OPPO COMPANY 
CLASSIFIED BY: J. FIlRDE GROUND SURFACE ELEVATION bATUM 
INSPECTOR: DATE START 11£9£88 bATE ERD 11£9£88 

PLER: UNLESS OTHERWISE NOTED SAMPLER coNSISTS OF A 2" SPLIT GROUNDWATER READINGS 
SPOON DRIVEN USING A 1 0 L lb. HAMMER FALLING 30 In. 

WATER'111"/ DATE TIME CASING STABILIZATION TIME 
CASING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. 

HAMMER FALLING 24 In. 11/9 12'8- TIDAL AREA 

CASING SIZE: 4" (HW) OTHER: 

0 C B R .. E A L SAMPLE SAMPLE DESCRIPTION E
P S a M STRATUM DESCRIPTION 
T N W PEN./ DEPTH Ie 
H G S No. REC (Ft.) BLOIJS/6" BURMISTER CLASSIFICATION S 

This fs to certify the fnformation 
reported herewith ts ~cur.t. to the 


30 
 JG.~ef. 
n 8. Forde, 

.11 

• 


• 

0 

• 

• 5 

• 

• , 
10 

11/1I''',JI 

20 

• 
25 

.1 

GRANULAR SOILS COHESIVE SOILS 
Slows/Ft Density Slows/Ft Density 

REMARKS: 1. 

V. LOOSE 
LOOSE 

M. DENSE 
DENSE 

v. DENSE 

0' 

STONE DUST 


FILL 


17' 

ORGANICS 

, 

27' 
BOTTOM OF BOREHOLE 

0- 4 
4-10... 
'0-30 
0·50 


... ,.." 50 


NOTES: 


GZA 


< 2 V • SOFT 
2- 4 SOFT 
4· 8 M. STIFF 
8-15 STIFF 
15-30 V. STIFF 

> 30 HARD 

Installed Observation Well to a depth of 27'using 
followi~ lfsted meterials: 
e.) 2'0 2" Teflon Silt Traf' 5' Screen, 25' Riser Pipe 
b.) 100 pounds of ottawa fi ter sand from 27' to 20' 
c.) 25 ~ of bentonite pellets from 20'to 18' 
d.) Sana backfill from 18'to ground surface 
e.) 4" die x 7'6 Protective casing with lock 

1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL. 
2) ~ATER lEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STAT~Dt fLUCTUATIONS OF GROUNDWATER 

MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN S WERE MAOE I 
. BORING No. ~-o 



REPORT Of BORING No. MW-EGZA' DRIL:L:Il~q, INC. PROJECT 
SHeET '-01 1 
FILE No. 132741215 W. CHESTMUT ST. BROCKTON MA 02401 COMBINEO OISPOSA~ FACl~lTY 
CHICD. BY JERIIEg IIEgFrJIIg IU(A DIVISION OF GOLDBERG-!OIMO &ASSoCIATES, INC) -


FOREMAN: II. MOORE BORING LOCATION AS ~OCATEQ BY II. lOPPa COMPANY 
GROJND SURfACE EtEVXf 011 bATUMCLASSIFIED BY: J. Fl:IRDE 

INSPECTOR: DATE START 11L9LM b~rE Elm 1'L9£sa .. 
SAMPLER: 

CASING: 

UNLESS OTHERWISE NOtED
L 

SAMPLER CONSISTS OF A 2M SPLIT 
SPOON DRIVEN USING A 1 a lb. HAMMER FALLING 30 In. 

UNLESS OTHERWISE MOTEO, CASING DRIVEN USING A 300 lb. 
KAMMER FALLING 24 In. 

DATE 

11/9 

GROJNDWATER READINGS " ,,"-

TIMe WATER CASING STABILIZATION ~E 
TIDAL AREA -12'8 

CASING SIZE: 4- (HW) OTHER: 

D C 8 R 
E 
P 
T 
H 

A L 
S a 
N W 
G S No. 

SAMPLE 

DEPTH 
(Ft.)

PEN./
REC BLOWS/6" 

SAMPLE DESCRIPTJON 

BURNISTER Cl.ASSIFICATJON 

E 
M 
IC 
S 

STRATlM DESCRIPTION • 
0 0' -

STONE DUST 

FILL. • 
5 

1 
10 1 , 
15 ......, 

17' 

18' 
ORGANICS 

BOTTOM OF BOREHOLE , 
20 , 

, ,
25 

Thia is to certify the info~tion 
1 

30 
r'Tff her-eNi th f a accur
beSt "f ~l~~l
:', 'L>~>'" ~ 
tfA<n a. Forde, 

ate to the 
fef. 1 

-r 
GRANULAR SOILS 

Blows/Ft Density 

0- 4 V. LOOSE 
4-'0 LOOSE 
10-30 ". DEMSE 
30-50 DENSE 

> 50 V. DENSE 

COHESIVE SOILS 
Blows/Ft Density 

< 2 Y. SOFT 
2- 4 SOFT 
4- 8 M. STIFF 
8-15 STIFF 
15-30 V. STIfF 

> 30 HARD 

REMARKS: 1. Installed CbseNation Well to a depth of 18'uaing I 
follONi~ liated ..ter-ials: 
e.) 2'0 2- Teflon Silt Trff' 5' Screen, 14' Riser Pipe 
b.) 100 pou"!ds of ottowa ff ter sand frOll 18' to 9' 
c.) 25 ~ of bentoni te pellets frOll 9' to 7' 
d.) Sana backfill from 7' to ground surface 1E.) ,- X 7'6 Protective easing with lock .......
' 

NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE 8aJNDARY SEMEN SOIL TYPES TRANSITIONS MAY BE GRADUAL. 
2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STAT~Dt FLUCTUATIONS OF GROUNDWATER _1

MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN S ~RE MADE r 
GZA BORING No. MW-E> 

• 
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REPORT OF BORING No. ~-FG3A:DRIIiLINQ, INC. PROJECT 
SHEET 1-0r- 1

• FILE No. 1~2741215 W. CHESTNUT ST. BROCKTON MA 02401 ~BINED DISPOSA~ FA~I~ITY
!lEg !I~ISFmUI Q CHICO. IY JER(A DIVISION OF GOLDBERG-fOliO &ASSoCIATES, INC) 

FOREMAN: R. MOORE BORING LOCATION AS LOCATED BY R. ZOPPO CCJ4PANY 
CLASSIFIED BY: J. FrlRISE GRClJNO SURFACE ELEVAtlON ISXIUM 
INSPECTOR: DATE START 11£8£§§ ISXTE ERIS 11£8£88 


ilLER: UNLESS OTHERWISE NOTED4 SAMPLER CONSISTS OF A 2" SPLIT 


DATE 

11/8 

GRClJNDWATER READINGS 
SPOON DRIVEN USING A 1 0 lb. HAMMER FALLING 30 In. 

WATERTIME CASING STABILIZATION TIME "".,'CASING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. 
HAMMER FALLING 24 In. TIDAL AREA8' 

Ilol 
CASING SIZE: 4" (HW) OTHER: 


D 
 C B R 
E SAMPLE DESCRIPTIONA L SAMPLE E
P S 0 M STRATUM DESCRIPTIONIII N IIT PEN./ DEPTH K 
H G S No. REC (Ft.) IlOWS/6" BURMISTER CLASSIFICATION S 

0 0' 

• 
STONE DUST 

III FILL 
5 

• 
• 10 

• 
12' 

ORGANICS 

14' 
8OTTCJ4 OF BOREHOLE

r-' 
-I. 

20 

Iii 

III 
2S 

III 

I. Thia ia to ce~ify the fnforaatlon 
reported herewi th I a accurate to the 

f 
30 :(k'" kzDIldif:Z. • 

.' .~ 

".o&na:Forde, ,. 

GRANULAR SOl LS COHESIVE SOILS REMARKS: ,. Installed Observation Well to a depth of 14'using
Blows/Ft D_ity Ilows/Ft D_ity followf~ llated ..t.ri.la: 

e.) 2'0 2- Teflon Silt Traf' 5' Screen, 10' Riser Pipe 
0- 4 V. LOOSE < 2 SOFT b.) 100 pour'!ds of ottowe fi ter sand from 14' to 7'V"4-10 LOOSE 2- 4 SOFT.k> c.) 2S P.i1nds of bentonite pellets from 7' to 5'10-30 M. DENSE 4- 8 STIFF d.) Sana backfill fro. 5' to ground surface

0-50 DENSE 8-15 ". STIFF E.) 4" X 7'6 Protectfve caaing with lock 
V. DENSE 15-30 V. STIFF~J50 

> 30 HARD 

NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL.I" 2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STATtD FLUCTUATIONS OF GRClJNOWATER 

MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMENtS WERE MADE I
GZA BORING No • MiI-F 




GZA" DRILLING, INC. PROJECT REPORT OF BORING No. MW-G 
SHEET '-oF 1 •1215 W. CHESTNUT ST. BROCKTON MA 02401 COMBINED DISPOSA~ FACI~ITY FILE No. 13274 

(A DIVISION OF GOLDBERG-~OIHO &ASSoCIATES, INC) AEg liED FllID AI CHICD. BY lER 

FOREMAN: R. MOORE BORING LOCATION AS lOCATg~ BY'R. ~OPPO ca4PANY 
ClASSIFIED 8Y: J. FCIUIE GRClJND SURFACE ElEVl'IOW DATUM 
INSPECTOR: DATE START 11£10£88 DATE ERD 11£10£88 ...-
SAMPLER: UNLESS OTHERWISE NOTED~ SAMPLER CONSISTS OF A 2- SPLIT GROUNDWATER READINGS 

SPOON DRIVEN USING A 1 0 lb_ KAMMER FALLING 30 In. 
DATE 11NE WATER 

CASING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. 
11/10 8'HAMMER FALLING 24 In. 

CASING SIZE: 4n (HW) 

D C 8 
E A L SAMPLE 
P S 0 
T N II PEN.I DEPTH 
H G S No. REC (Ft.) 

0 

5 

10 

15 

20 

2S 

30 

OTHER: 

BLOWS/6n 

GRANUlAR SOILS COHESIVE SOILS 
Blows/Ft Densi ty Blows/Ft Density 

0- 4 V. LOOSE • 2 V. SOFT 
4-10 LOOSE 2- 4 SOFT 
10-30 M. DENSE 4- 8 M. STIFF 
30-50 DENSE 8-15 STIFF 

> 50 V. DENSE 15-30 V. STIFF 
> 30 HARD 

SAMPLE DESCRIPTION 


BURNISTER CUSSIFICATION 


Thia fa to certify the Info~tfon 
reported herewith la .ccurate to the 

...~~l....~ef...&..;~ 
J 8. Forde. :. 

. ' 

R 
E 

Ie " 
S 

~.:.-
CASIliG STABILIZATION TIME 

8OREHOL.~, 

TIDAL AREA • 

STRATUM DESCRIPTION • 

0' -
STONE DUST I 

FILL l 
l 
1 

13' 

ORGANICS , 
14'6 

BOTTCJII OF 

, 

, 


, I 

I 

i 

i 

REMARKS: 1. Installed Obsel'Vlltion Well to a depth of 14'6 using 
fOllOWf~ liated ..terials: 
e.) 2'0 2- Teflon Silt Traf' 5' Screen, 10' Riser Pipe 
b.) 100 pou'!ds of ottowa f iter aard frOll! 14' 6 to 7' 
c.) 25 ~ of bentoni te pellets frOll! 7' to 5' 
d.) Send bec:ltfH l frOll 5' to vrOU"d surface T
E.) 4- X 7'6 Protective casing with lock " .. 

NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL.
2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STAT~Dt FLUCTUATIONS OF GROUNDWATER I 

KAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN S WERE MADE r
GZA BORING No. MW-F -

I 



• 
. GZA ..DR:ILIl.IHS, :IHC. 

1215 W. CHESTNUT ST. BROCKTON MA 02401 
(A DIVISION OF GOLDBERG-!OINO &ASSOCIATES, INC) 

FI"REMAN: R. JONES 
CLASSIFIED BY: J. FOIIDE 

COMBINED DISPOSAb 
REg BEDFOIID, 

FACILITY 
III~ 

SHEET 
FILE No. 
CHICO. BY 

1~1 
13274 

JEA 

BOR ING LOCATION AS LOCATED 
GROUND SURFACE ELEVATION 

BY R. ZOPPO COMPANY 
D~TUM 

''ISPECTOR: 

REPORT OF BORING No.PtEZ-1f!2dill 

DATE START 8£19£88 D~TE ERD 8£22£88 

GROUNDWATER READINGS'LER: UNLESS OTHERWISE NOTED~ SAMPLER CONSISTS OF A 2" SPLIT 
SPOON DRIVEN USING A 1 0 lb. HAMMER FALLING 30 In. 

WATER CASING STABILIZATION TIMETIMEDATE--'iW"""CASING: UNLESS OTHERWISE NOTED, CASING DRIVEk USING A 300 lb... TIDAL AREAHAMMER FALLING 24 In • 8/19 

CASING SIZE: 4" (HW) OTHER: 


D 
 C B R .. A L SAMPLE SAMPLE DESCR IPT ION EE 
STRATUM DESCRIPTIONP MS 0 

N W DEPTH KT PEN.I 
No. (Ft.) BURMISTER CLASSIFICATIONH G S REC BLOWS/6" S 

0.. 
.. 

5 

.. 
I. 10 

I. 

~~ 

.. 
20 

III 

• 
25 

• 

• 30 

- GRANULAR SOILS COHESIVE SOl LS 
Blows/Ft Density 

• 
Blows/Ft Density 

0- 4 v. LOOSE < 2 V. SOFT 
4-10 LOOSE 
 2· 4 SOFT 

0-30 M. DENSE 4- 8 M. STIFF 

DENSE 8-15 STIFF~0-50 .. 50 V. DENSE 15-30 V. STIFF 
> 30 HARD 

0' STONE DUST FILL 
Geotextile Matting '7 

1 ' -
STONE DUST 

FILL 

Geotexti le Matting 7' 
15' 

ORGANICS 

21' 
BOTTOM OF BOREHOLE 

This is to certify the information 
~~.""th Is occ...oto to tho 

t ~edge.~lief. 

~ . v~~ 


G/.1ohn B. Forde~ 


REMARKS: 1. Installed Piezometer to depth of 19' using following 
listed materials: 
a.) one 1-1~2" x 30" ~rous tube piezometer tip.
b. ) 20' of 14" Schedule 80 PVC rlser.
c.) Sand backfill from 21' to 16' depth. 
d. ) 25 pounds of non stick bentonite pellets used to 

~lace seal from 16' to 12' depth. 
e.) " dia. x 7'6 Protective casing with lock. 

NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL. 
2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STATtD FLUCTUATIONS OF GROUNDWATER 

MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMENtS WERE MADE r
GZA BORING No.PIEZ-1 

III 



. GZA: DRIIJ;.IBG , INC. PROJECT REPORT OF BORING No.PtEZ-2 
SHEET 1-"r 1 

. 1215 W. CHESTNUT ST.' BROCKTON MA 02401 COMBINED DISPOSAL FACI~ITY FILE No. 13274 i(A DIVISION ~F GOLDBERG-!OINO &ASSoCIATES, INC) AEg BEDF~D, AX CHICO. BY JER 

FOREMAN: R. JONES BORING LOCATION AS LOCATED BY R. ZOPPO COMPANY I 

CLASS IFlED BY: J. FCRDE GRClIND SURFACE ElEVlflOil DXTUM 
INSPECTOR: DATE START 8£1§£M DXTE EAD 8£19£88 . 
SAMPLER: UNLESS OTHERWISE NOTED

40
SAMPLER CONSISTS OF A 2" SPLIT GRClINDWATER READINGS .. ~ 

SPOON DRIVEN USING A 1 lb_ HAMMER FALLING 30 In. 
DATE TIME WATER CASING STABILIZATION TiW 

CASING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. •HAMMER FALLING 24 In. 8/18 TIDAL AREA 

CASING SIZE: 4" (HW) OTHER: I 
D C B R 
E A L SAMPLE SAMPLE DESCRIPTION E 
P S 0 M STRATUM DESCRIPTION TT N W PEN./ DEPTH K 
H G S No. REC (Ft.) BLOWS/6" BURMISTER CLASSIFICATION S 

0 0' 

STONE DUST TFILL 

5 5' 
Geotextile Hatting 7 T 

T 
STONE DUST 

10 TFILL 

13'6 
Geotextile Hatting :7 ,. 

15 ....1 
ORGANICS I, 

20 20' 
BOTTOM OF BOREHOLE I, 

This is to certify the information 
r..eplrted herew; th ~e to the r~ knowledge and - ief. 

25 ( ~~ ~-tYn B. Forde Ii 
30 r 
GRANULAR SOILS COHESIVE SOILS REMARKS: 1. Installed Pfeza.eter to depth of 18' using following I 

Blows/Ft Density Blows/Ft Density listed materials: 

< 2 
e.) One 1-1~2· x 3O:Jefrous tube piezometer tip.

0- 4 V. LOOSE V. SOFT b.) 20' of ,4" Sch le 80 PVC rIser. -4-10 LOOSE 2- 4 SOFT c.) Sand bee fill from 20' to 15' depth. \ 

10-30 M. DENSE 4- 8 M. STIFF d.) 25 pcu1da of non stick bentonite pellets used to'
30-50 DENSE 8-15 STIFF ~lace seal from 15' to 11' ~th. .......> SO V. DENSE 15-30 V. STIFF e.) II dia. x 1'6 Protective casing with lock. 

> 30 HARD III 
NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BClINDARY BETWEEN SOIL TYPESeTRANSITIONS MAY BE GRADUAL. I2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STAT D 

t 
FLUCTUATIONS OF GRClINDWATER 

GZA 
MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN S WERE MADE I 

BORING No.PIEZ-2 -



. , 
'GZA 'DlULX.IN6, INC. PROJECT REPORT OF BORING No.PIEZ·3 

SHEET 1--mr- 1 
, 1215 W. CHESTNUT ST. BROCKTON MA 02401 COMBINED DISPOSAL FACILITY FILE No. 13274 

(A DIVISION OF GOLDBERG'ZOINO &ASSoCIATES, INC) REg BEtlFll'Iftl, A~ CHKD. BY JER• 
FOIlEMAN: R. JONES BORING LOCATION AS LOCATED BY R. ZOPPO Ca4PANY 
CLASSIFIED BY: J. FtlRDE GROUND SURFACE ELEV~T[ON tlATOM 
INSPECTOR: DATE START 8l18l88 tI~TE EAtI 8l19l88 

.t 

'LER: UNLESS OTHERWISE NOTED4 SAMPLER CONSISTS OF A 2" SPLIT GROUNDWATER READINGS 

~ING: 
SPOON DRIVEN USING A 1 0 lb. HAMMER FALLING 30 In. 

DATE TIME WATER CASING STABILIZATION TIME 
UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. 
HAMMER FALLING 24 In. 8/18 TIDAL AREA 

CASING SIZE: 4" (MW) OTHER: 

D C B R 
E A L SAMPLE SAMPLE DESCRIPTION E 
P S 0 M STRATUM DESCRIPTION 
T N W PEN.I DEPTH K - H G S No. REC (Ft.) BLClW/6" BURMISTER CLASS IFICATION S 

0 0' 

... STONE DUST 

FILL 

5 

• 10 10' 
Geotexti le Matting 7 

• 
,rA"""• 

ORGANICS 

• 
20 

21' 
BOTTa4 OF BOREHOLE• 

This is to certify the information 
reported herewith is accurate to the 

25 "(J2;;~.f.• 

• Achn B. Forde 
V 

I 

• 30 

- GRANULAR SOILS COHESIVE SOILS REMARKS: 1. Installed Piezometer to depth of 20'6 using following 
Blows/Ft Density Blows/Ft Density listed materials: 

a. ) One 1-'~2" x 30" porous tube piezometer tip.
0- 4 V. LOOSE < 2 V. SOFT b.) 20' of /4" SchedUle 80 PVC rlSer.
4-10 LOOSE 2- 4 SOFT c.) Sand backfill from 21' to 16' depth. •
'0-30 M. DENSE 4- 8 M. STIFF d.) 25 potn:Is of non stick bentonite pellets used to
0-50 DENSE 8-15 STIFF ~lace seal from l6' to 9' ~th. 

III 50 V. DENSE 15-30 V. STIFF e. ) " dia. X 7'6 Protective casing with lock. 
> 30 HARD 

• 

NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES 
t 

TRANSITIONS MAY BE GRADUAL.
2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STAT D

f 
FLUCTUATIONS OF GROUNDWATER 

GZA 
MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN S WERE MADE I 

BORING No.PIEZ-3 

II 



.. . GZA .. DRILl.ING, INC. PROJECT REPORT OF BORING No.PIEZ-4 
SHEET 1~1 

. 1215 W. CHESTNUt ST. BROCKTON MA 02401 COMBINED DISPOSAL FACJbITY FILE No. 13214 i(A DIVISION qF GOLDBERG-fOINO &ASSoCIATES, INC) REg BEaFCRD, ~ CHICO. BY JER 

FOREMAN: R. JONES BORING LOCATION AS LOCATED BY R. ZOPPO COMPANY I 

C..ASSIFIED BY: J. ~CRDE GROUND SURFACE ELEvATION DAtUM 
INSPECTOR: DATE START 8l~2l88 DATE EAD 8l22l88 . 
SAMPLER: UNLESS OTHERWISE NOTED 4 SAMPLER CONSISTS OF A 2M SPLIT GROUNDWATER READiNGS '" ,,~SPOON DRIVEN USING A 1 0 lb. HAMMER FALLING 30 In. 

DATE TIME WATER CASING STABILIZATION TIMEr 
CASING: UNLESS OTHERWISE NOTED, CASING DRIVEN USING A 300 lb. •HAMMER FALLING 24 In. 8/22 TIDAL AREA 

CASING SIZE: 4" (HW) OTHER: 

0 C B R 
E A L SAMPLE SAMPLE DESCRIPTION E rP S 0 M STRATUM DESCRIPTION 
T N W PEN./ DEPTH K 
H G S No. REC (Ft.) BLOWS/6" BURMISTER Cl.ASSIFICATION S 

0 0' 

r 
STONE DUST 

5 FILL r 
r 

Geotextile Matting ')
10 9'6 rSTONE OUST -FILL 

12'6 
Geotextile Matting :;7 r-

ORGANICS 

'-r15 

I19' 
.BOTTOM OF BOREHOLE 

20 
This is to certify the information 

ireported herewi th is accurate to the 
beSt of my knowledge and belief. 

~j3;,.zf~ r25 
I 

I 
30 r 

I 

GRANUl.AR SOl LS COHESIVE SOILS REMARKS: 1. Installed Piezometer to depth of 17' using following 
tBlows/Ft Density Blows/Ft Density listed materials: 

a.) one 1-1~2M x 30Mporous tube piezometer tip. 10- 4 V. LOOSE < 2 V. SOFT b.) 16' of ,4" SchedUle 80 PVC r1ser. 
4-10 LOOSE 2- 4 SOFT c.) Sand bee fill from 19' to 14' depth. 
10-30 M. DENSE 4- 8 M. STIFF d. ) 30 pounds of nonstick bentonite pellets used to 
30-50 DENSE 8-15 STI FF . ~lace seal from 14' to 10' depth. ~, 

> 50 V. DENSE 15-30 V. STIFF e.) II dia. x 7'6 Protective casing with lock. 
> 30 HARD .. 

NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL. 
2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STAT~Dt FLUCTUATIONS OF GROUNDWATER 

GZA 
MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN S WERE MADE _~ 

BORING No.PIEZ-4 
~ 



. ' GZA,DR:ILL:IHG, INC. PROJECT REPORT OF BORING No.PIEZ-5 
SHEET 1--nr- 1 

. 1215~. CHESTNUT ST. BROCKTON MA 02401 COMBINED DISPOSAb FACILITY FILE No. 13274 
(A DIVISION qF GOLDBERG-!OINO &ASSOCIATES, INC) AEg !lEDFllRD. Rl( CHKD. BY JERu 

FOREMAN: R. JONES BOR ING LOCATION AS LOCATED BY R. ~OPPO COMPANY 
C~ASSlFIED BY: J. FORDE GRWND SURFACE ElEVXTlI5W Dl(TUM
INSPECTOR: DATE START 8l22l88 Dl(TE EAD 8l23l88 

'lLER: UNLESS OTHER~ISE NOTED4 SAMPLER CONSISTS OF A 2" SPLIT GRWNDWATER READINGS 
SPOON DRIVEN USING A 1 0 lb. HAMMER FALLING 30 In. 

'~'ING: DATE TIME WATER CASING STABILIZATION TIME 
UNLESS OTHER~ISE NOTED, CASING DRIVEN USING A 300 lb. 
HAMMER FALLING 24 In. 8/23 TIDAL AREA 

dolo CASING SIZE: 4" (H~) OTHER: 

D C B R 
E A L SAMPLE SAMPLE DESCRIPTION E 
P S 0 M STRATUM DESCRIPTION 
T N ~ PEN./ DEPTH K 
H G S No. REC (Ft.) BLOWS/6" BURMISTER CLASSIFICATION S 

.. 
0 0' FILL 

0' 
Geotextile Matting.-J• 

STONE DUST 

• FILL 
5 

Geotextile Matting ~ 
8' 

.. 
10 

• 
ORGANICS 

,~~ 

18'
• BOTTOM OF BOREHOLE 

20 
This is to certify the information 
reported herewith is accurate to the 

~ knowL.... ~ ""!ief. 

, 6z#d=
n B. Forde 

25 

• 

• 

• 

• 30 

• GRANULAR SOl LS COHESIVE SOl LS REMARKS: 1. Installed Piezometer to depth of 16' using following 
Blows/Ft Density Blows/Ft Density listed materials: 

a.) One 1-1~2H x 30" porous tube piezometer tip.
0- 4 V. LOOSE < 2 V. SOFT b.) 16' of /4" SchedUle 80 PVC r1ser.
4-10 LOOSE 2- 4 SOFT c.) Sand backfill from l8' to l3' depth. lets.
0'30 M. DENSE 4- 8 M. STIFF d. ) 25 pounds of non stick bentonite pellets used to
0-50 DENSE 8-15 STIFF ~lac~ seal from 13' to 9' depth.

.~~50 V. DENSE 15-30 V. STIFF e.) II dia. x 7'6 Protective cas1ng with lock. 
> 30 HARD 

NOTES: 1) STRATIFICATION LINES REPRESENT APPROXIMATE BWNDARY BETWEEN SOIL TYPES TRANSITIONS MAY BE GRADUAL. 
2) WATER LEVEL READINGS HAVE BEEN MADE AT TIMES AND UNDER CONDITIONS STAT~Dt FLUCTUATIONS OF GRWNDWATER 

GZA MAY OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME MEASUREMEN S WERE MADE I 
BORING No.PIEZ-5 

• 
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1111 

II 

II APPENDIX 6-B 

• Soil Laboratory Test Data 
II. 

• 

I" 

II 
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III 
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-
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.. NED Materials and Water Quality Lab 

• 
.. 

II 

• 

... 


... 

October 1985 to December 1985 

• 

.. 



III 

Table VII 
New Bedford Superfund • 

Physical Analyses 

Moisture and Volatiles.. 
...,I 

Stratum Lab- Grid No. (inches) 10 No. %Moisture % Volati les 

- ·E-25-1 0-24 9910 -E/E 54. t 14.4 

E-27-1 0-18 9912 c 53.4 7.64 

G-13-1 0-10 9914 E 52.7 13.6 

G-1 7- 2 0-38 9918 C 68.6 21.3 -
• 

G-20-2 0-9 9921 0 55.6 12.2 

G- 29- 1 0-27 9922 0 54.0 7.05 

H-21 0-37 9869 0 62.6 13.7 .. 
 H-25 0-12 9907 0 60.6 13.4 


H-33 0-36 9859 0 48.0 5.64 


1-3-1 18-28 9925 0 )1. 8 5.62 


1-9-1 0-8 9927 0 64.5 17.0 


1-11-1 0-13 99)0 E 67.4 22.8 


• 1-15 6-46 9902 F 55.9 7.54 


1-19 0-1) 9786 0 67.3 14 ..2 


.. 
• .....-1 1-23 24-45 9840 E 58.7 11.3 

1-28 0-)8 9849 0 58.8 11.2 

1- 31 0-8 9778 c 30.5 5.33 

• 

J-5-1 0-12 9934 C 50·.4 9.31 

J-8-2 0-15 9938 c 68. 1 22.9 

J-13-2 0-20 .9941 c/o 29.2 4.55 

J-15-1 0-16 9942 8 40.5 7.09 

J-17- 2 0-6 9945 c 51.9 10.8 

J-20-2 0-16 9947 B 24.1 3.04 

K-5-2 0-7 9949 0 66.2 21.7 

.. K-26-1 0-22 9950 c/O 23.2 2.99 

K-28-2 .8-20 9953 0 24. 1 2.64 

K-32-1 0-23 9954 c 30.2 3.47 

L-10-1 11-34 9956 E 54.2 7.31 

L-29-2 6-34 9962 E 56.9 6.87 -
M-6-2 24-)1 9965 0 42.2 7.32 .. M-27-1 16-26 99670 27.2 3.24 

."" 
• 

• 
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Bw-6 0-2 OH 91 77 37 2.49 F-8 
5-7 OH 112 61 33 2.47 F-8 

10-12 sw 2.70 F-9 
15-17 Sw-SP 22 2.68 F-9 
23-25 SP 17 F-9 

BW-7 0-2 sw 27 2.73 F-l0 
5-7 SM 21 F-l0 

10-12 SM 20 F-l0 
15-17 SP 18 F -11 
20-22 ML 24 F -11 
25-27 SP-SM 22 F -11 

Bw-8 0-2 OH 161 2.26 F-12 
5-7 OH NP NP 2.34 F-12 

10-12 SM 28 NP NP F-12 
15-1 7 SP-SM F-12 , 

BW-9 0-2 SM F-13 
5-7 SP-SM 21 F-13 

15-17 SP-SM 16 F-13 
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7-9 OH 

12-14 ML 
15-17 SM 
~0-22 SP 
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BW-13 0-2 OL 
~ 0-12 SM 
15-17 SP 
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133 49 35 
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89 43 26 
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MATERIAL DESCRIPTION USCS AASHTO i 
o I 

.,. 
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Project: New BedTord Pilot Study 
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CORPS OF ENGINEERS - NEW ENGLAND 
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MATERIAL DESCRIPTION USCS AASHTO 

~o 
rProject No.: Remar ks: Ldb ,Set'. !Ie,I Project: New BedTor d Pi lot Study 

100  fS'3- 7o location: PD-3 (0-12) 
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• GRAIN SIZE DISTRIBUTION TEST REPORT 
IJ CORPS OF Et~G I t~EERS - t~ELIJ Et~GLAt~D Fig. t·kl. 7 
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MATERIAL DESCRIPTION 
o 

Project No.: 
Project: New BedTord Pilot Study 
a Location: PD-3 (12-24) 

GRAIN SIZE DISTRIBUTION TEST REPORT 
CORPS OF ENGINEERS - NEW ENGLAND 

uses AASHTO I 

1 
Remarks: L~6. S~f M. 1 
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Fig. No. 8 
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MATERIAL DESCRIPTION USCS AASHTO 
o 

r============~~~~j Project No.: Remarks:Lai. Set" )Jo
li Project: New BedTor d Pi loi: Si:ud~ /()() _ ArJ _ 9 
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MATERIAL DESCRIPTION USCS AASHTO I 

() 

T 
Pl"oject No. : Remal"ks:~d6. Ser lit!. r 
Pl"oject: New BedTord Pi lot Study , /oO-1S3-/6
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GRAIN SIZE DISTRIBUTION TEST REPORT rCOF:PS OF Et~G It~EERS - NEl·J ENGLAND Fig. N,). 113 -
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,. GRAIN SIZE DISTRIBUTION TEST REPORT 
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MATERIAL DESCRIPTION 

~ Project No.: 
!I Project: New Bedfor d Pi lot Study 

o Location: PD-4 (12-24) 

~ GRAIN SIZE DISTRIBUTION TEST REPORT 
'. COF:PS OF Et~G I t~EEF:S - t4EL·J Et~GLAt4D 

USCS AASHTO ' 

Remarks:~d6.S~~)V~. 
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Fig. t·40. 11 
.,~==========================================L-__________________~ 
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LL PI D75 D60 D50 D30 D:25 D10 C.: Cu 
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MATERIAL DESCRIPTION USCS AASHTO I 

0 r 
Project No.: Remarks:Lt6. -Set', No. ~ 
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I GRAIN SIZE DISTRIBUTION TEST REPORT r.- • ..-. -. ~l\ Cu~F~ OF EN~INEEF=:'-. - t~ELJ Et~G t~LAI F'q ~.fo. 1'-'..:.I! D -
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.- LL PI D75 D60 D50 D30 D25 D10 Cc Cu 
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MATERIAL DESCRIPTION USCS AASHTO 

10 

1Project No. : Remar ks: L.J/:', S{'r ,.", 
Project: New Bedford Pi lot Study /OO-1S3 -/3
0 Location: PD-5 (0-12) 

tlf, 

'-tf!ce: 9/3/87, GRAIN SIZE DISTRIBUTION TEST REPORT 
COF:F'S OF ENG I t~EEF:S - NE~·J Et~GLAt~D Fig. No. 13 
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MATERIAL DESCRIPTION 
o 

Project No.: 
Project: New Bedford Pilot Study
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~ GRAIN SIZE DISTRIBUTION TEST REPORT 
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• MATERIAL DESCRIPTION USCS AASHTO 
0 
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Project No. : Remarks: 4<i1:.. S(/'. /I", 

1
Project: New BedTor d Pilot Study 

/DO  1s-J ' /S
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·.~I '"e: 9-8-87rc GRAIN SIZE DISTRIBUTION TEST REPORT 

COF:PS OF ENG I t~EEF:S - NE~J ENGLAt~D Fig. He,. 15 
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MATERIAL DESCRIPTION 
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MATERIAL DESCRIPTION 
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• MATERIAL DESCRIPTION USCS AASHTO 
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GRAIN SIZE DISTRIBUTION TEST REPORT 
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MATERIAL DESCRIPTION 
o-

i Project No.: 
;·Project: New BedTord Pilot Study 

o Location: PD-8(0-12) 
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• GRAIN SIZE DISTRIBUTION TEST REPORT 
CORPS OF ENGINEERS - NEW ENGLAND 
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MATERIAL DESCRIPTION 
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GRAIN SIZE DISTRIBUTIOt~ TEST REPORT 
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I MATERIAL DESCRIPTION USCS AASHTO 
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• GRAIN SIZE DISTRIBUTION TEST REPORT 
COF:F'S OF Et~G I t~EEF:S - t~EW ENGLAt~D Fig. NI:' • ........ 
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GRAIN SIZE DISTRIBUTION TEST REPORT 
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MATERIAL DESCRIPTION USCS AASHTO 
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GRAIN SIZE DISTRIBUTION TEST REPORT 
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GRAIN SIZE DISTRIBUTION TEST REPORT 
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MATERIAL DESCRIPTION uses AASHTO 

• Project No.: Remarks:Ld6. Ser. ;V~. 

• 

Project: New Bedford Pilot Stud~ 
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MATERIAL DESCRIPTION USCS AASHTO 
~-----------------------------------------r--------+---------~-o 

~=========================================r--------~----~--~-
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GRAIN SIZE DISTRIBUTION TEST REPORT 
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I" MATERIAL DESCRIPTION uses AASHTO 
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MATERIAL DESCRIPTION uses AASHTO 
o 

Project No.: Remarks:LJb. Srr /Yo,
Project: New BedTord Pilot Study 
(~ "'cat ion: PD-10( 12-24) 

~D_at_e_:_9_-_8_-_87________________________________111 

GRAIN SIZE DISTRIBUTION TEST REPORT 
(:Of:;!PS 0;= ~t~GTt~F:E;::;:S - t~El,J Et~i:;;_ At~Ti II 

/00  1S..3-,' 
\\ 

F'i tJ, N,-, _ ..,~ 

-
I 



-

= 

~ GRAIN SIZE DISTRIBUTION TEST REPORT - ,: 

,: .5 ,: N ,: .5 ~ .s 
" ... 

~i - • N aI ... ~ ~ ~ •
100 " " ,;, • .. ..'4 .., N -  .., - • • • • • 

~, :- : : 

90 : 
: 

: ~ 
:

• 80 : : : : 

: 

'~ I
: : 

: : 
: :70 : 

~ : : : 

\ I: : 

60 : : !..... : : 

LL. : : ::\ I I ~ : : : I50 : : ! 
LIJ 

I· 
: : : 

~I 1\ II, I I ! i(.) : : : : 

~ 
: : I I J4121 : : i I 

: : I\i I I I I i 
: : ! ; 

30 i 
I ; 

, 

r 
(, . , 

I I
: 

2121 : 

: ~~ ~ 
I 

: ~ i.~ : : ~10 , : : : : : I 
: ~ ..... ~ I: : 

, 0 : : : II::. 

I 200 100 10.121 1.0 121.1 .1211 .001 
GRAIN SIZE - mm 

Test %+3N % GRAVEL % SAND I % SILT % CLAY 
I~ 8 121.121 121.121 79.1 I 16.8 4.1 
I 

-,-
LL PI D75 D6e D5e D30 D25 Dle Cc CUI. 121.59 121.38 121.28 121.121 0.121983 9.9193 3.75 36.9 

I- MATERIAL DESCRIPTION USCS AASHTO 
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.:) 9 0.0 1.9 53.2 41.0 3.9 

LL PI 
~O~____-+______+-0_._2_1__r-0_._1_2__~0_._e_9~__0_.0_3_1~_0_._0_2_36-4_0_._00_Q_,1-+__0_.8_~_.-+__13_·._6_·~. 

,I 

MATERIAL DESCRIPTION 
o 

Project No.: 
Prnject: New BedTord Pilot Study 

, :ation: PD-I1C0-12) 

DatE?: 9-9-87 

USCS AASHTO 

Remar ks:La6 . .Set: /14. 
IDO-1S3-3" 



• Gf::A I t~ SIZE D I STf:: IBUT ION TEST HEPOf::T 
.: 
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,i' !i II, 
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.~ 
2t10 100 10.0 1.0 

GRAIH SIZE - Ifflff 
0.1 .01 .0t11 

; Te::.t 
\..J 10 
, 
i , 

~·~+3"'· 
0.0 

.J G~:A'JEL,'. 
0.4 

.... SAHD It. 

67.4 I 
.J SILT0'. 

25.9 
I .J...• 
I 

CLAV 
6.3 

! 

I 

~~----~----~----~----~------~----~----~----~------~--~ 
I LL PI D75 D60 D50 D30 D:25 Die Cc Cu 

21.40.27 0.17 0.13 0.060 0.0285 0.0079 2.75 

MATERIAL DESCRIPTION AASHTOUSCS 
o 

I' 
:! 

Project No.: Remarks: Ldb. S~I' N~, 
Project: New Bedford Pilot Study 

/00- 1.!J-:3, 3/~o Location: PD-ll(12-24) 

~. - J .. : 9-9-87 \ 

. .J GRA INSI ZE D I STR I BUT I ON TEST REPOR'F, 

Fig. Ncr. 31~ CORPS OF ENGINEERS - NEW ENGLAND 
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\ 
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I -I ~ III 1\ \ I 
• ~X:F'>.::fxlor ,I I ! 

II: 
2ee lee le.e 1.e e.l .01 

I 
J 

! 

I 

.. 

GRAIN SIZE.... - mm 
i % SAND I ~,~ SILT ! % CLAy' ITest (~+3"" i~ GRAVEL 

11 0.0 0.3 83.9 I 13.2 J 2.6'::J .. 
; 

! 
! •
; LL PI D60 D10D50 D30D75 CuD25 Cc 
0 0.38 0.25 0.20 0.125 0.1105 0.0179 3.41 14.2 

i 

, • 
; 

, 
MATERIAL DESCRIPTION USCS AASHTO 

; 

0 • 
i 
i •!. 

Project No.: Remarks: L..ab -St!f'. f/~-

Project: New BedTord Pilot Study 


Il)tJ - 1S3-32. o Location: PD-l1(24-48) -
D" I ___ : 9-9-87 - . 

GRAIN SIZE DISTRIBUTION TE~T REPORT .....,. 
CORPS OF Et~G I NEE~:S - t~EL~ Et~GLAND Fig. Net. 32 1
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• GRAIN SIZE DISTRIBUTION TEST REPORT 
~ 

~ s .~ 
~ s ~ 

N .:, 
N co 5> ~ Co ~ ~ i~ ... 

a0 I ~ 
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I : ~' I I 
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I
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r~ 
: 
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, 

i: 
I u.. r\ iI :
I ; - : : 

~ 
50 

: : \ I 
I I: : :

0:: : : 
I.LJ 40 
,t : 

\ \ 
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30 
: : 

I: : .. 20 
: I: : 

! : : ~ i! . 10I. : 

! lJ. I 
0 J 

• ..,1 
200 100 10.0 1.0 0.1 .01 .001 

GRAIN SIZE - mm 
I 

Test %+3» % GRA~"EL % SAND %.SILT .J 
(. CLA\' ! 

12 13.13 0.0 15.6 75.3 9.1 
I-

I .. 
LL PI D75 D~,0 DS0 D30 D25 Dle Cc Cu 

~ 0.135 0.03 13.02 0.011 0.00S'6 0.0055 0.74 5.3 

--
J. 

MATERIAL DESCRIPTION USCS AASHTO 
~o 

I...J.rProject No.: Remarks: Ld/:,. S~r. No.
Project: Nel",\ Bed-for d Pilot Stud,=, 

/00 -1SJ -.33 
,1IiI 0 Location: PD-18(0-12) 
ii 
H 
I 

tI Th ,. 9-9-87•-
'.f. GRAIN SIZE DISTRIBUTION TEST REPORT 

~ I 'ORF"-' OF Et~G I t~EERS - NEW ENGLAt~D Fig. No. 33,.... I'::' 
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•GRAIN SIZE DISTRIBUTION TEST REPORT 
.: 

d0 '" 

90 

III 
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i 

\ •I 
I 
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I I ... 

•liN!'II! !' !~~;..•• I 

.01 .( .... -
.~. 

\~ 
\1 

: 

..1 1I 11..III , :, i ,:: ! J L I Ii':! 
200 100 10.0 1.0 0.1 

GRAIN ~I~E - mm~ "
i 

~~ SAND i ;~ SILT i ~.~ CLA'-j' !;.~ GRA'.}ELTest ";+3·Vi 
0.0 48.9 I 43.8 I 7.3 i13 0.010 •i 

i 
•I LL PI D10D60 D50 D30D75 CcD25 Cu 

0.450.22 0.11 0.07 0.018 0.00680 0.0135 16.6 • 
MATERIAL DESCRIPTION USCS AASHTO •

0 

Pr-oject No. : Remar-ks: L26. St"r No.
I Pr-oject: New BedTor-d Pilot Study 

" /O/) - 4s-...3-31I o Locat ion: PD-18(12-24) -
:i 

-f; •• 9-9-87-
'--,GRAIN SIZE DISTRIBUTION TEST REPORT 

Fig. Nc••CO~:PS OF Et~G I t~EE~:S - t~EL"J ENGLAND 1
.

34 



.------------------------------------------------------------~GRAIN SIZE DISTRIBUTION TEST REPORT 

~ c c .~.' c ~ ~ 
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:1 
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It~~~: ia J ! 

~I'...,I 200 100 10.e 1.e e.l .01 .e01 
GRAIN SIZE - mm 

Te::·t ~+3"" ~ GRAVEL ~ SAND ~ SILT .},0. CLAY 
;

1111 14 a.0 0.0 71.6 24.7 3.7 
I 
i 
, 
i r.. 
I LL PI D75 D60 D50 D30 D-25 Die Cc C1Jo .

!oJ 0.38 13.28 0.22 0.a92 0.13515 13.131398 3.09 28.2 
I
i 
! 
~ :; 

DESCRIPTION uses AASHTOiii MATERIAL 
II 0I 
'IIIi Project No. : Remarks: LJ6. S~I'. No. 
u illp • t New ted{:ord Pilot Stud..,ii :1 rOJec : 

/0"- 1S-..3-.3~-Ii. Location: PD-18(24-48)0 

L . 9-9-87, 
-

-WIll 
\ \

"GRAIN SIZE DISTRIBUTION TEST REPORT .. COF:PS OF Et~G I t~EERS - NE~~ Et~GLAt~D Fig. N,:,. 35 
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GRAIN SIZE DISTRIBUTION TEST REPORT 
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10 ~-#H+~~~~~++~~~~~~~~~~~~--#H~~~bl~~··+i-+l,~1
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0~~~~~~~~~~~__~~~~__~~~~~~~~'~~~__~ 
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GRAIN SIZE - mm 

Te:5.t %+3» ~~ GRA.....EL % SAND % SILT J ~.~ CLAY ! 

15 0.0 0.0 18.8 71.1 1 10.1 

LL PI D75 D60 D50 D30 Ii25 D10 Cc Cu 
0.06 0.03 0.02 0.011 0.0098 0.0(149 0.83 6.2 

MATERIAL DESCRIPTION uses AASHTO 
0 

Project No.: Remarks: 1..16. SeT: ;V~. 
Project: New Bed~ord Pilot Study 

/"(} - -f.s-.3-~o Location: p d-19(0-12) 

I , 9-9-87 
GRAIN SIZE DISTRIBUTION TEST REPORT 

COF:PS OF Et·~G It~EERS - NEW Et~GLAND Fig. No. 36 

-
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GRAIN SIZE DISTRIBUTION TEST REPO~:T 
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~, II""'" 0 i 

200 100 10.0 1.0 0.1 .01 .001 
j GRAIN SIZE - mm 

Test %+3.... •.# GRA'JEL ." SAND I ~ SILT ..' CLAY I 
,.-Ii t. t. t". 
Ii  16 0.0 0.0 22.8 I 66.0 11. 2 jV 
I 

... 
I 

LL PI D7s D60 DS0 D30 D25 D10 Cc Cu 
I/ti 0.06 13.133 13.132 13.13113 13.0087 13.131346 13.75 6.0 
I 
J. 

T MATERIAL DESCRIPTION USCS AASHTO 
0 

r 
Project No. : Remarks: l..J6. S~/'. tI/J ,.. Project: New Bed~or d Pilot Stud':.'i: 

/IJtJ -1S-..3-371\ 0 Locat ion: PD-19</2-Zi> 

.,1: 

r~ . 9-9-87 
GRAIN SIZE DISTRIBUTION TEST REPORT 

Ii COF:PS OF Et·~G I NEERS - NEL·J ENGLAt~D Fig. Ho. 37ii 
!i 
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• - •GRAIN SI7E DISTRIBUTION TEST REPORT 
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Ill'll I: UIII Pili 
:, I : lUI i I i 

, 
Illim I0 : I i I , 

"" 2e0 100 10.0 I.e e.l .e1 • e1ITr 
GRAIN SIZE - mm 

CLA\' 
,

Test ;'-;+3» r. GRAVEL r. SAND .J SILT •.1 , rt. ~. 

0 17 0.0 1.7 72.8 20.2 5.3 
I 

. 1· 
LL PI D75 D60 D50 D30 D25 D10 Cc Cu 

0 0.51 0.34 0.27 0.122 0.0620 0.0e87 5.01 39.8 I*' 
I 

MATERIAL DESCRIPTION USCS AASHTO J 
0 

J 
Project No.: Remarks: Ldb. S~r. tit}. 
Project: New BedTor d Pi lot Study /oCl- %.3-J ~ r 
0 Location: PD-19(24-48) 

, 
• 9-9-97 

~ 
• .......... 

GRAIN SIZE DISTRIBUTION TEST REPORT rCOF:F'S OF Et~G I t~EEF:S - NEL·J Et~GLAt~D Fig. Nc•• "7'.-. 
-..JI:' 
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LAW ElVUIONMENTAl. INC, 

I 

I<ENNE~ GEOA:iIA 30144· 5599 
~.421·J400 

GRAIN SIZE DISTRIBUTION 

.. 112 TONNPARK DRIVE 

& PHYSICAL PROPERTIES 

CLIENT De12t. of the Arm~ DATE November 9 I 1987 - New England Division 

JOB NO. 
LL7000.63 

CorEs of Engineers 

PROJECTDACW 33-8R IA : 0-24"
-M-0034 LLM-88-004 SAMPLE IDENTIFICATION 

.. 
u.s. STANDARD SIEVE SIZES 

1·"Z'· I/Z".. ,.. 2" 1"3/." '/1" • 10 ZO .0 10 100 ZOO 
, 

100 
I 1 I · I I'" :

90 I I ...... ,
II •• 
I 1 • "' I 

to 
I I I 

I 1 r\I 70 I • '100..x I I 

!! I I 1 

"... I
.0 

"• I Ii I 

• 
> I rr 1 '\.• 
It 

50 
I 1 I '\.... 

.. 
IZ , 

40 
I 

'"
... I I I 
l-

IZ 11 I ... 30 
1 f\v I I 

I 

It [1 I "... I I.. ZO 

""I I 

II Ii I I
10 

I I 

0 I 1 , I 

100 10 1.0 0.1 0.0 I 1).001 

GRAIN SIZE IN MILLIMETERS 

PARTICLE 
PERCENT VOLATILE SOLIDS (%) -

DIAMETER 
liN MILLIMETERS) FINER EFFECTIVE SIZE (mm) -

-COEFFICIENT OF UNIFORMITY 

COEFFICIENT OF CURVATURE -
4, 75 10(1. [1 

LIQUID LIMIT 124 
2. ~~10 '?9.6 

70e. :;5 I?:::. 3 PLASTIC LIMIT 

I• 
~3.425 94.7 PLASTICITY INDEX 54 
0.212 :37.7 

CLASSI F ICATION -
13.15 84.7 -
~3. !f16 813.::: 
0.075 77.4 WATER CONTENT (%) 161.9 
~3. 045 .- -'=' '" • ,!. DRY DENSITY (PCF) -
0.032 65.1 2.46
€1.023 59.0 SPECIFIC GRAVITY 
0.012 48.0 POROSITY (%) -
(1. 00'~ 41.1 HYDRAULIC
0.00E. 33.2 -CONDUCTIVITY (em/sec @ 20· C)
0.0(14 2:::. E. 

TESTPROCEDUREAS™ D4318, D<122, D854 
(1.003 22.9 

\ 

0.001 14.3 \ \ 
-~LAW ENVI'RONMENTAl.INC. ,-

I 
)(;/Of~ ~. 

M' 49071B 



---------
--

I 
LAW ENVIRONMENTAL. INC. 
112 ~PARI( DRIVE 
KENNESAW GE~IA 301.. 5599 
404·.21·3400 

GRAIN SIZE DISTRIBUTION 
a PHYSICAL PROPERTIES 

CLIENT 

PROJECT 

Dept. of the Army DATE November 9, 1987 

New England Division 
LL7000.63 

JOB NO. 
Corps of Engineers 


DACw33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION _I_A_:..=2....;.4_-_48.;,...._____ 


I·I/Z" lIZ" 

, .. Zoo I"J/C" 3/'" C 


U.S. 	STANDARD SIEVE SIZES 

10 ZO co 10 100 ZOO 

I i""""- .... · ,
I · • 
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 I 
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 I 

• " ......I 
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I " 

.. 
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-
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.. 
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• 
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.. 
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-

-
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100 

'0 

.0 

~ 
% 
!! 
III 
~ 
>•
I:.. 
z 
k: 
~ 
Z 
III 
V 
I: 
III.. 

70 

10 

50 

co 

JO 

zo 

10 

0 

I I ~ · 

• "-

PARTICLE 

DIAMETER 


(IN MILLIMETERS) 


9. ....J 

4. 75 
2. 00 
tl. 1'....

•: •.J 

0. 4·-. ... 
..:. ._1 

0. 212 
0. 15 
0. 106 
0. ~375 

\.. 

.... 
.... t-.,. 

r--.. 

0.01 11.001 

VOLATILE SOLIDS (%) 

EFFECTIVE SIZE (mm) 

COEFFICIENT OF UNIFORMITY 

COEFFICIENT OF CURVATURE 

LIQUID LIMIT 99 

PLASTIC LIMIT 57 

PLASTICITY INDEX 42 

CLASSIFICATION 

111. 3WATER CONTENT (%) 

DRY DENSITY (PCF) 
2.54·SPECIFIC GRAVITY 

POROSITY (%) 

HYDRAULIC 
CONDUCTIVITY (em/sec @ 20· C) 

D422, D854TEST PROCEDURE ASTH D4318, 

0.0401 
~3 • 02'?0 
0. l121 1 
~. 131 17 
0. 01)86 
0. 0063 
t1• 0(146 
~.0f,33 
~) .0014 

100 10 

PERCENT 
FINER 

10(1. 0 
·?9. i 

'~'3. 1 
9::;:. 7 

·~6. 7 

·~2. 1 

S'3 • .J

... 

S6. 4 

:33. 4 


GRAIN SIZE IN MILLIMETERS 

6·? ...
.J 

-.66 • .;;. 
. 

61 ..-. 
':' 

40:. 2 
4l1. .? 

... 
!':;'" ._' 
,-,~ 

":'1. '~ 

24. .-. 
16. 5 

I 

I 
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I 

I 

I 

I 

I 

I 

I 

I 

I 

0.1 
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I 

I 
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I 
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I 

I 

I 

II 

I 

• 
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I 

I 
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I 
~ 
! 
I 

I 
I 

I 

I 
I 

I 

I 

I 

I 

1.0 

LAW ENVIRONMENTAL. INC. 

j(,;J. Dr~ 
.#"-. 

-
r " ~ 

l(f' 49071B 

http:LL7000.63


lAW ENVIRONMENTAL. INC. 
m TONN~RK DRIVE 

• 

~......,. 

.. 

.. 

.. 
III 

III 

.,.,• 
.. 

.. 

• 
.. 
.• 
.",.,' 

I 
I(fNNESAW GE~IA 301~4·5599 
4()4·~21·3400 

GRAIN SIZE DISTRIBUTION 
a PHYSICAL PROPERTIES 

CLIENT DeI;!t. of the ArmJ:: DATE November 9. 1987 

New England Division 

Corps of Engineers 
JOB Nd.-L 7000.63 

PROJECT SAMPLE IDENTIFICATION
DACW33-88-M-0034/LM-88-004 IA : 48-72" 

u.s. STANDARD SIEVE SIZES 
I·I/Z" I/Z" 

3" Z" 1"3/4" 3/." 4 10 ZO 40 10 100 ZOO 
100 

I I I · 
I N · · '0 I 1:\I • 
I I I I\. I 

10 
I I I I 

IT I \. I ... 70 I ,
X I I 

I 

!! I I I 
I 

III 10J I 

>- I• I 

a: so I I 1\I 
III 

'"-! I I 
40 

""... I I I I 
... 

"""
Z II I I 

I 

III 30 , I
U I 

I 

a: 
III.. I I I 

zo 
Ii I I ~ 

I' I I t"-....10 
I I 1 
I I I J I 

0 
100 10 1.0 0.1 0.0 I 11.001 

GRAIN SIZE IN MILLIMETERS 

PARTICLE 
DIAMETER PERCENT VOLATILE SOLIDS (%) -

(IN MILLIMETERS) FINER EFFECTIVE SIZE (mm) -
COEFFICIENT OF UNIFORMITY -

COEFFICIENT OF CURVATURE -
4. 75 11313.13 LlOUID LIMIT 92 
2.00 '3'::',6 58
0. :::5 '?7 • ~:: 

PLASTIC LIMIT 

0.425 91.6 PLASTICITY INDEX 34 

0.212 76.5 CLASSI F ICATION -
13.15 69. " -
e.l0E, 62.4 
0.075 57.2 WATER CONTENT (%) 99.7 

13.6462 45.7 DRY DENSITY (PCF) -
6.6332 42.5 

SPECIFIC GRAVITY 2.50 
6.623? 3'? 13 
6.612::: 31.7 POROSITY (%) -

0.0093 26.2 HYDRAULIC 
6.6l16:3 26. ::: CONDUCTIVITY (em/sec @ 20· C) -
0.004'? 17.0 TEST PROCEDURE ASTM D4318. D422. D854 

0.0035 14.5 
0.0014 .... -'

Q -: 

I~LAW ENVIRONMENTAL.INC. 

I 
;tI. 1/. ()t~ ~ 

• M' 490718 



u.. ow "null"'1;11'''''' '"". 
112 lUNNFARK DRIVE 
KENNESW< GEORiIA 30144·5599 
4()4·421·J.COO 

I GRAIN SIZE DISTRIBUTION 
& PHYSICAL PROPERTIES 

CLIENT Dept. of the Army DATE November 9, 1987 

New England Division 
LL7000.63

JOB NO. 
Corps of Engineers 

IB 0-24"PROJECT OACW33-88-M-0034 /LM-88-004 SAMPLE IDENTIFICATION ---_______ 

U.S. STANDARD SIIEVIE SIZIES 
I-I/Z" I/Z" 

'" Z" 1"3/c" 3/." C 10 ZO 40 10 100 ZOO 
100 


.0 


'0 


... 70 
l: 
!! 
w .0 
~ 
>• 50 
t: 
M 

~ CO ... 
... 
Z 

30w 
u 
a: ..III ZO 

I I 

I 

I 
I 

I I 

I I 

I I 

I I 
I 

I 

I I 

1 

I I 

II I 

I I 

I IT 

I. I 
I: 
I 

I I 

I , 
r-. I · ·I~ · ,\ I 

1 1\ 1 

I \ I 

1 \. 1 

I '- I 

'\ 1 

I 
I 

I I r--.~ 
I i'.. 

I I " I I 
I I 

I I ~ "'-
I -
1 

-

.. 

.. 

.. 

• 


-

10 

0 

PARTICLE 

DIAMETER 


ON MILLIMETERS) 

9.5 
4.75 
2.130 
0.:35 
13.425 
0.212 
0.15 
13.106 
13.075 
0.13463 
13.0333 
0.1323:3 
0.012::: 
0.0€192 
0.0067 
0.0048 

100 10 

PERCENT 

FINER 


27.4/ 
24.6/, 
19.:3 J 
15.7./ 

". 

1.0 0.1 0.01 0.00\ 

GRAIN SIZE IN MILLIMIETERS 

VOLATILE SOLIDS (%) _________ 

EFFECTIVE SIZE (mm) _________ • 
COEFFICIENT OF UNIFORMITY ----__ 
COEFFICIENT OF CURVATURE ______ 
LIQUID LIMIT ____________ 

PLASTIC LIMIT 
PLASTICITY INDEX _______=-=-__ 
CLASSI F ICATION 

WATER CONTENT (%) _______~~__ 

DRY DENSITY (PCF) ___________ 

SPECIFIC GRAVITY __________ 

POROSITY (%) ____________ 

HYDRAULIC 

CONDUCTIVITY (em/sec @ 20° C) ----- 

TEST PROCEDURE ASTM 04318, 0422, 0854 -13.0€(34 12 •., 


0.0014 8.7 
 LAW ENVIRONMENTAL.IIC. 

tI;I·of~ 
M' 4907lB ." 

http:LL7000.63


""" CII'lnu".CIIIAL. I"". 

I 
!(ENNES. GEORiIA 30144·5599 
404-421·3400 

GRAIN SIZE DISTRIBUTION 

112l1:7NN~RK DRIVE 

a PHYSICAL PROPERTIES 
,...; 

CLIENT Dept. of the Army November 9. 1987DATE.. New England Division 
LL7000.63 

Corps of Engineers JOB NO. 

PROJECTDACW33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION IB : 24-48" -
u.s. STANDARD S.EVI: S.ZI:S.. I·I/Z" I/Z" 

'" Zoo 1"'/4" ,,," 4 10 ZO 40 .0 100 200 
100 

I , --- I · I i :to III ·• 
I I 

, , 
.0 

I\: , 
I I 

I I 
~ 70 I ,1\ •% , 
!:! I I I , I.. 10• I 

Ii i • 

II 

> I II 1 1\ I•
I: 

50 
I I \I.. ,z , I 

;: 40 
II I I 

.. 
~ 

1\ Iz II I i
101 30 

I \u I I I 
I: 

\ I101 I I.. ZO II I 

II I I,..
10 

I I r- ~ 

0 I I • I I roo
100 10 1.0 0.1 0.01 11.001

• GRAIN SIZE IN MILLIMETERS 

PARTICLE 
PERCENT VOLATILE SOLIDS (%) -

DIAMETER• UN MI LLIMETEAS) FINER EFFECTIVE SIZE (mm) -
COEFFICIENT OF UNIFORMITY -

COEFFICIENT OF CURVATURE -
Q ~ 1130.13 -" ...' LIQUID LIMIT4.75 ';";'.7

• 
2. ell 98.5 PLASTIC LIMIT -
0.85 94.3 PLASTICITY INDEX non-plastic \visual) 
0.425 75.:3 

CLASSIFICATION -
0.212 38.7 

II 

-
13.15 26.9 

II 0.106 17.6 WATER CONTENT (%) 26.3 
0.1375 12.9 

DRY DENSITY (PCFI -
0.13480 1" ':!... 2.63
13.13344 11.13 ·SPECIFIC GRAVITY.. 13.13246 113.1 POROSITY (%) -
13.131313 7.4 HYDRAULIC
13.131393 6.4 CONDUCTIVITY (em/sec @ 20· C) -
13.0067 5.2 TEST PROCEDURE ASTM 04318 I 0422 1 0854 
0.131348 4 'J..• 
0.131334 \ .., 

I""" 
' !>. I 

I~13.0014 \ ~;0 LAW ENVIRONMENTAL. INC.

1If}. Or~ .. .E 

I 
" .,.....• 

AF 490718 .II 
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o 


112 'It1NN~AK OIWE 
KENNEW, GeOlliIA 301~·5599 
~"21·3400 

GRAIN SIZE DISTRIBUTION 

lAW ElVlIIIIIMEITAL. INC. 

& PHYSICAL PROPERTIES 


• 


-

-

-

-

-

• 


• 

• 

• 

• 

• 


-

.

.. 
:t 
!:!..•>• 
I: 
OJ 
Z 

... .. 
Z.. 
U 
a: 
OJ 
L 

CLIENT Dept. of the Army 

New England Division 

Corps of Engineers 

DATE November 9. 1987 

JOB NO. 
LL7000.63 

PROJECT OACW33- 88-M-0034 /LM-88-004 SAMPLE IDENTIFICATION IS 48-72" 

u.s. STANDARD SIIEVIE SIZIES 
I·I/Z·· liZ·· 

, •• ;Z'. '·"/4·· '/1·· .. 10 
100 

I I • · 
I N · · lIO I , · 
I I I "- I 

10 
I I I \ I 

I I 

70 I ~I I 
I 

I I \ I 
I

10 I \Ii I 

I 1 "\ I 
SO 

I I I 

• I 
40 

I I I 

II I i I 
30 

I I I ~I 

I I I ~ 
zo I: "I I 

II I I .......... 
10 

I I T ~ 
I I I I0 

100 10 1.0 0.1 0.01 

G"AIN SI.Z~ IN MILLIM&TIE"S 

PARTICLE 
PERCENT VOLATILE SOLIDS (%)DIAMETER 

ON MI LLIMETERSI FINER EFFECTIVE SIZE (mm) 

COEFFICIENT OF UNIFORMITY 

COEFFICIENT OF CURVATURE 

12.5 1£1£1.£1 LIQUID LIMIT 
C! I: 
~.. '-' '?9. £1 PLASTIC LIMIT 

I,--ro

-~ 0.001 

-
-
-
-
-
-

4. 75 99.£1 
PLASTICITY INDEX non-plastic (visual)

2.£1£1 9:3.9 
£1.85 '?8. £1 CLASSIFICATION -

£1.425 '?1. :3 -
£1.212 74.:: 

WATER CONTENT (%) 13 .1 
£1.15 6£1.6 -
e.l£1€. 47.3 DRY DENSITY (PCF) 
£1.£175 -:.., oj 

_, I .... SPECIFIC GRAVITY 2.65 
£1.0415 25.2 

POROSITY (%) -
£1.133£16 22.6 
£1.£1228 17.7 HYDRAULIC -
£1.£1126 11.4 CONDUCTIVITY (em/sec @ 200 C) 

0.£1e'?2 8.5 TEST PROCEDURE ASTM 04318, 0422, 0854 
\ £1.£1£166 6. 1 

\ \, £1. £104:3 4.3 LAW EIVIROIMEIUl.lle. I~'-£1.£1634 3.5 
j(".ot~ 

-
£1.£1614 1.6 ~ -I 

M' 490718 -



III 

LAW ElVlRONMENTAL INC. .. 
 112 Tt7IIN~RI< DRIVE 


.. 


.. 


.. 


.. 


.. 

.. 

• 

.. 

I 
y ICENNfSW( GE~IA 30144·5599 

404·421·3400 

GRAIN SIZE DISTRIBUTION 
& PHYSICAL PROPERTIES 

CLIENT DeEt. of the Arm;i November 9. 1987DATE 

New England Division 

JOB NO. LL7000.63 
Coq:~s of EnSlineers 

PROJECTDACW33-88-M-0034/LM-88-004 IC : 0-24" 
SAMPLE IDENTIFICATION 

u.s. STANDARD SIEVE SIZES 
I·I/Z" I/Z" , 

3" Z .. I" 3/.... 3"" .. 10 ZO ..0 10 100 ZOO 
100 

I I ~ · , ......... · I · '0 I I ..............II • 
I I 

10 
I 

I I 
I I 

I! I I \... 70 I I i\.:r I I 

~ I I 
I ~ III I 

~ 
10 I I 

>- I I "'• 
I: 

50 I II 
III 

! I I 
"0.. I I I I 

l- IZ II I 
III 30 

I
U I I I , 
II: 

I I"i'oo.III I I 
L ZO 

i'"LL I I 

j' II I I 
10 

I I 

, I "' I 
0 

100 10 1.0 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

PARTICLE 
PERCENT VOLATILE SOLIDS (%) 

-
DIAMETER 

ON MI LLiMETERS) FINER EFFECTIVE SIZE (mm) -
COEFFICIENT OF UNIFORMITY -

COEFFICIENT OF CURVATURE -

I~. 5 1130.0 L10UID LIMIT 131 

4.75 '39.4 
PLASTIC LIMIT 76 

2.00 '39.2 
0.:35 9:3.3 PLASTICITY INDEX 55 

0.425 ':. r: r: CLASSIF ICATION -
e,.j. ,_I 

0.212 '~0. 0 -
0.15 ;::7.6 

146.00.106 :34. :3 WATER CONTENT (%) 

0.075 82.7 DRY DENSITY (PCF) -
0.0424 70.8 SPECIFIC GRAVITY 2.53 
0.0310 64.1 
0.1)225 59.4 POROSITY (%) -
0.0121 50.4 HYDRAULIC 
0.00:38 44.0 CONDUCTIVITY (em/sec @ 20· C) 

4.,4 Dt 

-
0.13064 35.3 TEST PROCEDURE ASTM D4318, 0422. 0854 

0.0047 27.4 
0.0019 ... •

1 ~ ':' .-;.-~ J 

0.0014 17.1 LAW ENVIR~NC. .-
~ I 

• AF 4907lB 



I 
(!' lAW ElWlIIOIIIElTAlIIC. 

112 'I'C1NN~RI< DRIVE 
KENNe~ GEOfIiIA 30144·5599 
404-421·3400 

GRAIN SIZE DISTRIBUTION 
a PHYSICAL PROPERTIES 


November 9, 1987CLIENT Dept. of the Army DATE 


New England Division 


LL7000.63
JOB NO. 
Corps of Engineers 

PROJECTDACW33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION _I_C__2_4_-_48_"_____ 

U.S. STANDARD SIEVE SIZES 
I-I/Z" I/Z" 

31·· 2·· 1··31/.·· 3/1·· • 10 20 .0 .0 100 200 
100 

90 

10 

.. 70 
X 
!! 
101 10•)0
• 50 
& 
101 

! 
Ir. 

.0 .. 
Z 

310101 
V 
a: 
101 
L zo 

10 

0 

PARTICLE 
DIAMETER 

liN MILLIMETERS) 

4.75 1€1I3. e 
2.00 '~'3 • 1 
0.85 
e.425 

'37.4 

e.212 
e. 15 

68.8 

0. 106 
e.075 

57.0 

13.13415 
0.0301 

45.1 

13.021:3 
0.011'~ 

39.3 

0.01387 
0.131364 

27.S 

fl.0f146 
0.13033 

19.3 

e.0014 

M 4907lB 

100 

11.3 

PERCENT 
FINER 

86.7 

62.5 

co.... .-. 
. ..J";;'. ':' 

4" ~ ~.~ 

32.6 

22.6 

15.4 

I I 

I 
I 

I I 

I I 

I I 

I I 
I 

I 

I I 

I 

I I 

11 I 

I I 

I 

Ii I 
II 

I 
I ! 
I I 

10 

I 
, 

t'li · · I' • 
II\. I 

I I 

I \. I 

I 
I 

-~ I 
I 

I 

I 

I " I ..... 

I I ~ 

I 
I ~ 

I I 

I I 

I I I'~ 
I I --r-
I 

I 

1.0 0.1 0.0 I 0.001 

GRAIN SIZE IN MILLIMETE"S 

VOLATILE SOLIDS (%) 

EFFECTIVE SIZE (mm) 

COEFFICIENT OF UNIFORMITY 

COEFFICIENT OF CURVATURE 

LIQUID LIMIT 60 

PLASTIC LIMIT 39 

PLASTICITY INDEX 21 

CLASSIFICATION 

WATE R CONTENT (%) 71.1 

DRY DENSITY (PCF) 

SPECIFIC GRAVITY 2.57 

POROSITY (%) 

HYDRAULIC 
CONDUCTIVITY (cm/sec @ 20· C) 

TEST PROCEDURE ASIM [H 31 8 0~22 0854 

j( LAW ENVIRONMENIA .INC. 
_-;a ~ 
6~

.11. of. ~ 

-

-


-

• 


-

• 


• 


• 


-

-

• 


... 


• 

.. 


II 

http:LL7000.63


I 
LAW ElVIRDNIENTAl. INC. 
112lONN~RK DRIVE 

.. 

.. 

.. 


.. 


• 

• 


• 

.. 
.. 

... AF 4907lB 

KENNESAW GE~IA 30144·5599 
404·421·3400 

GRAIN SIZE DISTRIBUTION 
a PHYSICAL PROPERTIES 

CLIENT DeEt of the Arm:x: November 9, 1987DATE 

New England Division 

JOB NO. 
LL7000.63 

Corps of Engineers 

PROJECTOACW33-88-M-0034/LM-88-004 IC : 48-72"SAMPLE IDENTIFICATION 

u.s. STANDARD SIIEVE SIZIES 
1·1 f2" If2" 

3" z.. ' .. 3/.... 3" .. .. 10 20 40 .0 100 200 
100 

I I t · 
I ........ · I · '0 I I 
I • 

I I' t tt
10 

" t I 
I I 

~I I 
~ 70 I J ·% I 

!! t I III 
I 

11/ .0 
~ I J , I 

> I j I•
I: 

50 
I f I 1\

11/ 
\z I I 

40 
I... I i I f 

~ 

Ii 1\ Iz I I
III 10 

I ~u I I I 
\I: 

" IIII.. I I
20 I: II "'t"-,I I I f'..10 

I I ~ 

I f o I -to-

100 10 1.0 0.1 0.01 f).001 

GRAIN SIZE IN MILLIMETERS 

PARTICLE 
PERCENT VOLATILE SOLIDS (%) -

DIAMETER 
(IN MILLIMETERS) FINER -EFFECTIVE SIZE (mml 

-COEFFICIENT OF UNIFORMITY 

COEFFICIENT OF CURVATURE -
'? 5 1 \)\).0 

LIQUID LIMIT -
4.75 97.5 
2.00 , .j ••':.C' 1 PLASTIC LIMIT -
8.85 :39.7 PLASTICITY INDEX non-plastic (vlsual) 

0.425 6',.0 
CLASSI F ICATION -

0.212 3:3.1 -
13.15 .;. 'J. J

·~'O ~ 

13.186 21.4 WATER CONTENT (%1 21.7 

~.075 17.4 DRY DENSITY (PCF) -
'8.8462 16.8 2.65
0.8334 14.0 SPECIFIC GRAVITY 
0.0242 12.@ POROSITY (%) -
13.1)138 8.7 HYDRAULIC
8.0€1'?3 7.0 CONDUCTIVITY (em/sec @ 20· C) -
tl .08E,! ~ -.~. I 

TEST PROCEDUREAS™ 04318, 0422, 0854 
13.0134:3 4.6 
&.13034 3.'? 

JId. D{..d¢k t 

-~0.81314 3.1 LAW ENVIRONMENTAL, INC. --IE-
=' -

I 
~ 

~ 

I 



LAW ENVIRONMENTAL INC. 
112lONNPARI< DRIVE 
KENNESAW GEORiIA 30144·5599 
40H21·3400 

GRAIN SIZE DISTRIBUTION 
a PHYSICAL PROPERTIES 

CLIENT Dept of the Army November 9. 1987DATE 

New England Division 
LL7000.63JOB NO. 

Corps of Engineers 

ID 0-24"PROJECT DACw33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION --________ 

U.S. STANDARD SIEVE SIZES 
I·I/Z·· I/Z" 

'" Zoo 1"3/4" 3/." 4 10 ZO 40 10 100 ZOO 
100 

'0 

10 

I- 70 
% 
!!.. 10 
~ 
>• 50
It 
OJ 

! 40... 
I-
Z 

30.. 
U 
It.... 20 

10 

0 

PARTICLE 
DIAMETER 

(IN MILLIMETERS) 

9.5 
4.75 

Ele.e 

2.1313 
£1.:35 

97.7 

13.425 ·~4. 2 
13.212 8'? 0 
e. 15 :36. 1 
e. 10E. :32. ::: 
13.1375 79 •. ~ 
13.0427 71. '~ 
13.13313:3 
13.13224 

6:3.4 

13.13122 "_I!•• 1 
13.1313:39 45. 1 
13.131366 
13.1304:3 

37.4 

e.ee35 
13.131315 

23.7 

M' 4907lB 

100 10 1.0 0. I 0.01 0.001 

PERCENT 
FINER 

'~'C:. 6 

',6. '? 

E,3.6 
~-

:';',5 

17.4 

, , 
I 

I 

, , 
I I 

I , 
, 

I 
I 

I 

I 
, 
I 

I I 

II I 

I , 
I 

II I 
I! 
I 
I I 

, . 
,I"'- ....... : , ['.... • 
I I 

I I 

I 
, 

I 
I 

~ , ,, 
I " i , " I , 

I I 

f ~ , , , 
I 

, I....... 
I , ..... 
I I , 
I 

GRAIN SIZE IN MILLIMETERS 

VOLATILE SOLIDS (%) 

EFFECTIVE SIZE (mm) 

COEFFICIENT OF UNIFORMITY 

COEFFICIENT OF CURVATURE 

LIQUID LIMIT 126 

PLASTIC LIMIT 67 

PLASTICITY INDEX 59 

CLASSI F ICATION 

WATER CONTENT (%) 136.3 

DRY DENSITY (PCF) 

SPECIFIC GRAVITY 2.45 

POROSITY (%) 

HYDRAULIC 
CONDUCTIVITY (em/sec @20°C) 
TEST PROCEDURE ASTM D4318. D422, D854 

LAW ENVIRONMENT l.INC. ~--;;.,. 

tfl.1/. O' 
lIFe 

I 

~ 
"

• 


-

• 


• 


• 


-

• 


• 

• 

• 


• 


-

-


-

-
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LAW ENYlRONIENTAlINC. .. 
I 

KENNESAW GE~IA 30144·5599 
~·421·3400 

GRAIN SIZE DISTRIBUTION 

112 mwPAAK DRIVE 

a PHYSICAL PROPERTIES 

CLIENT DeEt. of the Arm;i DATE November 9, 1987 

New England Division 

Corps of Engineers JOB NO. LL7000.63 .. 
PROJECTDACW33-88-M-0034/LM-88-004 

SAMPLE IDENTIFICATION 
IO : 24-48" 

u.s. STANOARD SIEVE SIZES 
I·I/Z" I/Z" 

.. 
'" Z" ' .. 3'.... '"" .. 10 ZO ..0 10 100 ZOO 

100 
I I --- I 

, 
I I: · I · '0 I 
I ·• 
I I 

, 
I 

10 

'l" 
, 

I I 
I 1\ I ... 70 I \ I% I I 

!! , 
I l\. I 

III I
10

J I Ii " I 

>- I I•
If 

50 
I II 

.. 
III I t"....z I 

"0 I ........Ito. I I I 
I , 

~z II I J
III 30 

IU I I I 
II: II IIII I I 
L ZO IIi I I i'" 

• 
II 11 I I r--I10 
I I! , 

0 I I I 

100 10 1.0 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS• 
PARTICLE 

PERCENT VOLATILE SOLIDS (%) -
DIAMETER 

liN MILLIMETERS) FINER EFFECTIVE SIZE (mm) -• 
COEFFICIENTOF UNIFORMITY -

-• COEFFICIENT OF CURVATURE 
4.75 11313.0 LIOUID LIMIT 54 
2.00 '3:3.5 35
0.:35 ·~5. 4 PLASTIC LIMIT 

13.425 :33.8 PLASTICITY INDEX 19 

0.2Q 65.0 CLASSI F ICATION -
13.15 5'? e -
13.106 53.1 
€1.075 49.3 WATER CONTENT (%) 69.9 

0. t1437 4-: ,:. 
DRY DENSITY (PCF) --', .. 

13. ~3314 41.1 2.59 
ij.~)226 37.9 SPECIFIC GRAVITY 

0.0123 29.2 POROSITY (%) -.. 
0. 0€IB'~ ",,}C' ':. .. ..J. J HYDRAULIC 
0.131364 22.1 CONDUCTIVITY (em/sec @ 200 CJ -
13.0047 17.4 TESTPROCEDUREASTM 0431 , D422, D854 
13.131334 15.0

• 
13.£1£114 11.5 --LAW ENVIRONMENTAL. INC. ~-

I 
II!· {)I-~ ~

., 

• AF 4907lB 



I 
LAW ENVIRONMENTAL INC. 
112 T'C1NNPARI< OfIIVE 
KENNESAW GE~IA 30144-5599 
404·421-3400 

GRAIN SIZE DISTRIBUTION 
It PHYSICAL PROPERTIES 

CLIENT Dept. of the Army ~I--" 
DATE November 9. 1987 

New England Division 

Corps of Engineers 
JOB NO. LL 7000.63 

PROJECT DACW33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION .;;.I.:;.D.....;.._4~8~-_7.;,..;2=-"______ 

,·,/Z·· '/Z·· 
3" Z" ,"3/C" 3/." C 

'00 

'0 

10 

~ 70 
1: 
!! 
11/ 10•)

• 50
I: 
III 

! co 
II. 
~ 
Z 
III 30 
V 
II: 
III.. ZO 

'0 

0 
100 

PARTICLE 
DIAMETER 

(IN MILLIMETERS) 

PERCENT 
FINER 

12.5 100.0 
';'.5 '?8.7 
4.75 97.0 
2.00 '?4. 2 
0.:35 :3:3.2 
0.425 63.:3 
13.212 
0.15 
0. H16 
0.075 
0.04:::';' 
0.0349 
0.0251 
0.0133 
0.00';'5 
0.006::: 
0.004::: 
0.0034 
0.0014 

29.8 
21.3 
16.3 
13.4 
11. '? 
11.0 
9.4 
Ij. !. 

5.3 
4.4 

3. 1 

I I-~!;.~ 
I 

I 
I 

I I 

I I 

I I 

I I 
I II 
I I' 
I I 

I 

I I I 

I, I 

I I 

I I! 

I, I 
I' Ii 
I I! 
I I 

10 

U.S. STANDARD SJI[V~ SIZIES 

10 

I · r-...... · I · · I I 

I I 

I I 

~ I 

I 

1\ I, 
I 

I 

I 1\ 
I ~ I , I 

I 1\ I 

I ~ I 

...... I 

I I ~ I~ 
I -r--
I r 

1.0 0.1 0.0' 0.001 

GRAIN SIZE IN MILLIMETERS 

VOLATILE SOLIDS (%) _________ 

EFFECTIVE SIZE (mm) __________ 

COEFFICIENT OF UNIFORMITY -----_ 
COEFFICIENT OF CURVATURE ______ 
LIQUID LIMIT ____________ 

PLASTIC LIMIT 
PLASTICITY INDEX non-plastic (visual) 

CLASSIFICATION 

WATERCONTENT(%) ______~1~8~.8~_ 

DRY DENSITY (PCF) --____.....;;..__ 

SPECI F IC GRAVITY ______---.:2::..;.:..;6:.,:;5__ 

POROSITY (%) _________.....;;..__ 

HYDRAULIC 
CONDUCTIVITY (em/sec @ 20· C) -----

r 
r 
r 
r 
r 

TEST PROCEDUReAS™ 04318. 0422 _ 0854 • 

1&--1LAW EIVIROIMENTAl.IIC, 

,)1. A. D '{Jb ~ T 
AI' 4907lB ... -



lAW ENVIRONMENTAL. INC. 
112 T!)NN~RK DRIVE 
KENNESAW. GECRiIA 30144-5599 
404·421·3400• I GRAIN SIZE DISTRIBUTION 

a PHYSICAL PROPERTIES 

. CLIENT Dept. of the Army 
DATE November 9 • 1987 

New England Division 

Corps of Engineers 
JOB NO. 

LL7000.63 

PROJECT DACW33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION IE : 0-24" 

.. 


.. 


.. 


.. 


II 

II 

.. 


.. 


• 


• 


u.s. STANDARD SIEVE SIZES 
I·I/Z·' I/Z" ,,,, Z" '''3/4'' 3/." 4 10 zo 40 10 100 ZOO 

100 
I I I 

, 
, I~ ..'0 I ...... , 
I I I ........ I 

'0 , I I , I I' 
~ 70 I ,
:t I I ' !! I I 

I " III .0 
I 

~ I I " > I I "• 50 
I II: I 

III 
Z f I 

40 
I... I I I 

~ 
IZ II I I ~ 

III 30 
I 

"\J I I 
I 

It 
.........III I I I .. zo 

Ii "'I I 

II I I 
10 

I I 

I I I
0 

PARTICLE 

DIAMETER 


ON MILLIMETERS) 

'3.5 
4.75 
2.00 
0.85 
0.425 
13.212 
~). 15 
\3. 1~)6 

0.075 
0. €1435 
~). 0316 
0.0228 
0.0123 
0.0€190 
0.0066 
0.0048 
0. 0~)34 
0.0014 

I 


100 

PERCENT 
FINER 

100.0 
'~';a. 3 
':'0 r: 
J 0J ••J 

':."" c:.. I •.J 

'34. :3 
:38.2 
:::4. '3 
81.1 
78.3 
73.0 
67 •. ~ 
63.6 
54.1 
45.5 
38.7 
31. ::: 
26.1 
lB.7 

'0 1.0 0.' 0.01 

GRAIN SIZE IN MILLIMETERS 

-VOLATILE SOLIDS (%) 
-EFFECTIVE SIZE (mm) 
-COEFFICIENT OF UNIFORMITY 
-COEFFICIENT OF CURVATURE 

119LIQUID LIMIT 
76PLASTIC LIMIT 
43PLASTICITY INDEX 

CLASSI F ICATION 
-


146.6WATER CONTENT (%) 

DRY DENSITY (PCF) 
2.47SPECIFIC GRAVITY 

POROSITY (%) -
HYDRAULIC -
CONDUCTIVITY (em/sec @ 20' C) 

D4318, D422, D854TESTPROCEDUREAS™ ..-....LAW ENVIRONMENTAL. INC. ., =.. 
;t(. A, Dr.~ =-- .. 

~ T 
~ 

II AF 4907lB 

0.001 



I 
LAW ElViROI MEITAlIIC. 
112 Tt7IVN~RK DRIVE 
KENNESAW GeMJIA 30144·5599 ----------------------~. 
404·421·3400 

GRAIN SIZE DISTRIBUTION 
a PHYSICAL PROPERTIES 

CLIENT Dept. of the Army 

New England Division 

Corps of Engineers 


PROJECTDACW33-88-M-0034/LM-88-004 IE 24-48"
SAMPLE IDENTIFICATION __________ 

U.S. STANDARD SIEVE SIZES 
I'I/Z" I/Z" 


3" Zoo 1"3/4" 3/1" 4 
 ZO 40 10 100 ZOO 

100 


'0 


10 


I- 70 

:z: 
!! 
III a 10 

~ -
50•IIII: __ 


Z 

40 ... •l-

Z 

III 
 30 

V 

a: 
III " • 

• 

• 

• 

-
-
-


-

• 

10 

• • I . I 

I ..... . 
I 

I
I ....... I 

I I I 
, 

I 

I I I 

I I ...... 
I I ""I I 

I I I \.I 

I Ii I I \ 
I , \ 

I II 
\ II 

I I I I 

I 

"I I 
II I I ..... 

......I I I 
~ 20 

Ii I I 

I! I I 
10 

I I 

I I 
0 

, I 

100 10 1.0 0.1 0.01 11.001 

GRAIN SIZE IN MILLIMETERS 

PARTICLE -
DIAMETER PERCENT VOLATILE SOLIDS (%1 

(IN MILLIMETERS) FINER EFFECTIVE SIZE (mml -
COEFFICIENT OF UNIFORMITY -
COEFFICIENT OF CURVATURE -

4.75 let1. £1 LIQUID LIMIT 100 

2.1313 ,~.~. 3 
PLASTIC LIMIT 50 

13,85 •. '~'.,:,':- z 
~ 50

'71.42'5 '34. '3 PLASTICITY INDEX 

13.212 :::7.9 CLASSIFICATION -
13.15 84.5 -
13.1136 81.2 106.513.1375 78.8 WATER CONTENT (%1 

13.13391 71.2 DRY DENSITY (PCFI -
e. t1283 68.4 SPECIFIC GRAVITY 2.54 
e.e2fl2 67.13 

POROSITY (%1 -
13.0115 ...I~.,., e·__ r, 

13.131384 46.1 HYDRAULIC -
13.131362 38.8 CONDUCTIVITY (em/sec @ 200 C) 
0.0045 32.1 TEST PROCEDURE ASTM 04318, 0422, D854 

13.131333 27.6 
13.131314 1',.4 ;t( LAW ENVIRONMENTAL. INC. ...~ 

1 
.;/.D[~ 0 

AF 49071B 

",,-. 

DATE November 9, 1987 r 
LL7000.63JOB NO. 

http:LL7000.63


LAW ENVIRONMENTAL INC. 

• I 
KENNESAW GEOIGA 30144·5599 
40H21·3400 

GRAIN SIZE DISTRIBUTION 

112lU#1N~RI< DRIVE 

I • .......,.. .. a PHYSICAL PROPERTIES 

CLIENT DeEt. of the ArmJ:: DATE 
November 9, 1987 

New England Division 
LL7000.63 

Corps of Engineers JOB NO. 

• 
PROJECTDACW33-88-M-0034/LM-88-004 

SAMPLE IDENTIFICATION IE : 48-72" 

• u.s. STANDARD SIEVE SIZES 
I·t/Z" t/z" 

3" Z" 1"3'." 3/." • to 20 .0 .0 100 ZOO 
100 

I I I • , 
I""" · ,

to I .......
I • 

.. 
I • " 

I
I

.0 
I I 

I I 

I' , 
I 70 

I I:r I I ~ !! I I 
, 

r--..III I
.0 

~ I II I 

> I II I ~•a: so 
I I \.I 

III 

... 

... 
~ I I

CO... I I I I I 

l-
IZ '11 , 

I
III 30 

IU I I I 1\a: I! I ,......
III I I.. ZO r--II I I 

, II Ii I I 
1O 

I I! I 

I I 
0 

I I .. tOO to t.O O.t 0.01 c).001 

GRAIN SIZE IN MILLIMETERS 

PARTICLE 
PERCENT VOLATILE SOLIDS (%) -

DIAMETER... 
fiN MILLIMETERS) FINER EFFECTIVE SIZE (mm) -

-
COEFFICIENT OF UNIFORMITY 

II COEFFICIENT OF CURVATURE -
9.5 Ell1.tl 

LIQUID LIMIT 100 
4.75 ,?~. ::: 

512. (H) '?'?l' PLASTIC LIMIT 
13.85 '?7.7 PLASTICITY INDEX 49.. 
~). 425 94.2 CLASSIFICATION -
£1.212 :36.4 -
0.15 '::2. :3 
0,106 f :.0 WATER CONTENT (%) 104.1 

0.075 I!'. 1';1 -DRY DENSITY (PCF) 
~j, 0411j E,5.4 

2.50
0.0297 t12.0 SPECIFIC GRAVITY• (I.l1215 58.6 POROSITY (%) -
0,~jl1'3 4:::.0 HYDRAULIC
(t.[JO:?7 4ft.9 CONOUCTIVITY (em/sec @ 200 C) -
0.0064 3. (1 

TEST PROCEDURE ASTM D4318, D422, D854 
0.t1047 ~ ,::.

I ••" 

0. ()034 3.8 
61:.0.0014 .' ., 

LAW ENVIRON~C.t;.. oal 

t#t1. Or. 0I 

,.,.I 

• 
.. M' 4907l.B 



'" 0
 LAW ENVIRON.ENTAlINC. 

.. 	112lt1NNPARI< DRIVE 

I(ENNESNf,( GE~IA 30144-5599 
404·421·3400 

GRAIN SIZE DISTRIBUTION 
a PHYSICAL PROPERTIES 

Cli ENT _..;;,D..;;,ea;.p.;;.t..;..'_o~f~t;;..;h.;.;e;;.....;.A.;.;r;.;.;m~y____ 	 November 9, 1987DATE 

New England Division 
LL7000,63

JOB NO. 
Corps of Engineers 

PROJECT OACW33-88-M-0034/LM-88-004 IF 0-24"SAMPLE IDENTIFICATION -.;;..;;....~....;....~--___ 

U.S. STANDARD SIEVE SIZES 
I'IIZ" lIZ" 

:a" 2" 1"3/4" 311" 4 10 ZO 40 10 100 ZOO 
100 

to 

10 

'" 70
:r 
g 
III, 10 

>• 50 
II: 

III 


! 40 
II. 

Z '" 30III 
V 
II: 
III 
L ZO 

10 

0 
100 1.0 0.1 0.01 \l.001 

GRAIN SIZE IN MILLIMETERS 

I I 

I 

I 
I 

I I 

I 
, 

I! 
I I ,I , 
, 
I I 

, , I 

I, I , 
I , 

Ii I 
:! li. 
I I! 
I I 

10 

- I 
, 

"'i ., 
"- , 

I ~ I 

, 
" 

I 

I 
I r-..I 

I ,
I 

I I " I , I -"-
I , I 

1 
I 

I I ....... , I " I I .... 
I I 

I 

I 

.. 

-

-

-

-

-

• 


PARTICLE 
DIAMETER 

fiN MILLIMETERS) 

Q r:
.." .,,J 

4.75 
2,613 
0.:35 
6.425 
0.212 
€I. 15 
€I. 1136 
6.1375 
~j, 13432 
13.€I3113 
0.0223 
13.6121 
13.6689 
13.13065 
6.0647 
6.13034 
13.13614 

PERCENT 
FINER 

l€t€l.e 
99.3 
98.5 
·~6. 6 
91.5 
Cl':' --, 
';J-J. ~ 

79.5 
75.7 
73. 1 
68.9 
66.5 
63.2 
52.2 
44. 1 
37.0 
30.8 
26.3 
1:3.13 

VOLATILE SOLIDS (%) _________ 


EFFECTIVE SIZE (mm) _________ 


COEFFICIENT OF UNIFORMITY ------

COEFFICIENT OF CURVATURE ______ 


LIQUID LIMIT _________1_2_8___ 


PLASTIC LIMIT 47 
PLASTICITY INDEX _______8_1___ 

CLASSIFICATION 

WATERCONTENT(%) _______1_3_1_,_9___ 

DRY DENSITY (PCF) -----________ 

SPECIFIC GRAVITY ______2_,_4_9___ 

POROSITY (%) ___________ 

HYDRAULIC 
CONDUCTIVITY (em/sec @ 20· C) ----- 
TESTPROCEDURE ASTM 04318, 0422, 0854 

LAW ENVIRONMENTAL. INC. 

;1/;1. D:£~ 

• 

.. 

-

-


M' 49071B -

II 



LAW ENVIRON IENTAl. INC, 

• 
I 

KENNESAVt GEO~IA 30144·5599 
404·421·3400 

112 roNNPARK DRIVE 

GRAIN SIZE DISTRIBUTION 
a PHYSICAL PROPERTIES 

CLIENT Q~g!.. gf tb~ Arm~ DATE November 9. 1987 

New England Division 

JOB NO. LL7000.63 

• CorEs of Engineers 

PROJECT DACW33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION 
IF : 24-48" 

• u.s. STANDARD SIEVE SIZES 
I-lIZ" .,Z" ,,.. Z" I""... 3,." • 10 zo .0 10 100 zoo 

100 
I I - ..... , · 
• ~ I ;

10 IIt •
• 

I 
, "\. , 

10 

'" 
I, I 

I~ I ... 70 
l: I , 

• • 
~ 

, , 
I \. , 

III I 

J 
10 

I j I 

> I ~ '\.. I•a: 50 
I , I " III 

Z I I 

~ .0 
III I I I I' ... I'z 11 I I ....... 

III 30 
I ............v I I I 

a: 
III I I I 
L zo 

II I , 
I ~ I I r- ...... 

10 
I -I 

I I I I 
0.. 100 10 1.0 0.1 0.01 0.001 

GRAIN SIZE IN MIL.L.IMETERS 

PARTICLE -
DIAMETER PERCENT VOLATILE SOLIDS (%t.. 

(IN MILLIMETERSI FINER EFFECTIVE SIZE (mml -
-

COEFFICIENT OF UNIFORMITY 

COEFFICIENT OF CURVATURE -.. 
9.5 1Oe. e LIQUID LIMIT 51 

4.75 '~9. 3 PLASTIC LIMIT 27 
2. (10 ·~5. E. 
0.85 '~l. t, PLASTICITY INDEX 24 

0.425 ~.., ~ 
! I. I CLASSIFICATION -

13.212 58.3 -
0.15 52.1 60 _ 1 
0.106 47.1 WATER CONTENT (%t 

.. 
0.075 44.2 DRY DENSITY (PCFt -
0.0445 35.6 SPECIFIC GRAVITY 2.60 
0.1331';" 33.8 -0.0229 31.5 POROSITY (%) -
13.13123 25.4 HYDRAULIC 
t1.0t1'?0 21.0 CONDUCTIVITY (cm/sec @ 20· C) -
g.0(IE,5 17.4 TEST PROCEDURE ASTt-l D4318, D422, D854 
e.0047 14.3 
0.0034 l' C" ~-r-... J. •.J 

LAW ENVIRONMENTAL. INC,(1.0014 8. " IIfff: ~ 

#;/. f)t~ - -=- -- -
I 

~ '1....... 
• M' 4907lB 



LAW ElVlRONMENTAl, INC. 
112 T()YNPARK DRIVE 
KENNE~ GEORiIA 3014.·5599 
404-421-3400 

GRAIN SIZE DISTRIBUTION 

a PHYSICAL PROPERTIES 


CLIENT Dept. of the Army DATE November 9, 1987 

New England Division 

Corps of Engineers 
JOB NO. 

LL7000.63 

PROJECTDACW33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION __I_F__48_-_7_2_"____ 

U.S. STANDARD SIEVE SIZES 
I-I/Z" I/Z" 

3" Z" 1"3/." 3/a" • 10 ZO .0 10 100 ZOO 
100 

90 

aD 

I- 70 
:t 
!:! ... 10 
~ 

•> 
50 

I: ... 
Z 

.0i;: 
I-
Z 

30... 
V 
I: ... 
&. zo 

I~ 1 

I 
1 

1 1 

I I 

1 1 

1 I 
1 Ii 
I 

I 1 

I 

I I 

1 I 

I I 

I 

I 

.1 

1 · ,- 1 · • 
\1 I , 1

I' 1 

• 
, •, 1 

1 

: I' • 

"" 1 

1 

I 

1 1 , 
I 

I I' 
I I ""I I "

1 "' I 1 

100 

I 

I I 

10 

I I'--. 
I -

1.0 0.1 0.01 0.001 

• 


-

-

-

-

-

• 


10 

0 

G"AIN SIZE IN MILLIMETE"S 

PARTICLE 
VOLATILE SOLIDS (%) _________PERCENTDIAMETER 


FINER 
 •EFFECTIVE SIZE (mm) __________tiN MlllIMETEAS) 

COEFFICIENT OF UNIFORMITY ------
COEFFICIENT OF CURVATURE ______1'3.0 100.0 •LIQUID LIMIT ___________2_0_12.5 

9.5 %.1 PLASTIC LIMIT 13 
4.75 '~4. 4 ..PLASTICITY INDEX 72.0fl ·~2. 6 

CLASSI F'ICATION 0.85 
0.425 77.9 ..0.212 60.'3 WATER CONTENT (%) _______2_1_-_8_coco ~0.15 . .J. :,.J . 

DRY DENSITY (PCF) _________0.106 49.7 
0.075 44.0 SPECI FIC GRAV ITY ______---..:2::..,;.:...:6::...:5:...-_ 
0.0389 34.6 

POROSITY (%) e.0293 29.7 

0.0218 25.3 
 HYDRAULIC 

CONDUCTIVITY (em/sec @ 20· C) ----- 0.0121 17.9 
TESTPROCEDUREASTM 04318, 0422, 08540. Ij(I:3'~ 13.7 


0.0065 10. 1 

0.0047 7.9 
 LAW E.VIRO.ME~1J:L,I.C.0.0034 6.1 

.-, ,If.,4. 0 t:~0.0014 4..::. 

M' 49071.B .. 
.. 



LAW EJlVIRONMENTAl. INC. .. 112 ~PARI< DRIVE 

-

.. 

.. 

II 


II 


.. 

• 


• 

II 

.. 
• 
.. 
• 

~ 49071B 

I 
KENNESAW Ge~!A 30144·5599 
404-421-3400 

GRAIN SIZE DISTRIBUTION 
& PHYSICAL PROPERTIES 

CLIENT Nkovember 9. 1987DATE
Dept of the Army 

New EnSl1and Division 

JOB NO. LL7000.63 

CQr~§ Qf Eogj.ceers 

PROJECT SAMPLE IDENTIFICATION I I DACW33-88-M-0034/LM-88-004 A : 0-24" 

u.s. STANDARD SIEVE SIZItS 
I-I/Z" I/Z",.. Z" 1"'/." 3/." 10 ZO 40 10 100 ZOO•

100 
I I J. · 
I Il I ~ ; 

'0 • • ............I. · 
I I , I 

'0 , I 
I I 
I! I I 

~ 70 
• • I":t I • 

~ I I I "'-III I

• 10 
I ........It I 

•a: 

)-

• I "'\ 
50 I I•III I'!: • I 
.0... I I I I 

~ I f\Z II I 
III '0 

I I .....U I 
I 

a: 
I .....

III.. 20 
I I 

Ii I I 

I' I. I I 
10 

I I -
I I I I 

0 
100 10 1.0 0.1 0.0 I 0).001 

GRAIN SIZE IN MILLIMETERS 

PARTICLE 
PERCENT VOLATILE SOLIDS (%) -

DIAMETER 
(.N MILLIMETERS) FINER EFFECTIVE SIZE (mm) -

-
COEFFICIENT OF UNIFORMITY 

COEFFICIENT OF CURVATURE -
q 
~ • 

.. 11313.13',.! 
LIQUID LIMIT 119 

4.75 ';.'? :3 
2. €H3 '39 • .; PLASTIC LIMIT 76 

13.85 _ O.·Jq.-... 
PLASTICITY INDEX 43 

0.425 '?5.8 
CLASSIFICATION -

0.212 '30.1 -
13.15 87.1 
0.10E. 83.4 WATER CONTENT (%) 161.7 
0.075 80.2 

DRY DENSITY (PCF) -
0.0444 75.5 
13.13325 --

.'j 
.. ,. • '-' SPECIFIC GRAVITY 2.47 

13.13234 63.4 POROSITY (%) -
13.0125 54.0 HYDRAULICe.ee'?l 48.1 CONDUCTIVITY (em/sec @ 20· C) -
0.0066 3'? 5 

TEST PROCEDURE ASTM 04318, 0422, 0854 
0.131348 33.5 
0.0034 2:3.3 
0.0014 19.9 LAW ENVIRON~C. - -6'=---;t( II O~ - -

I 
~ J... 



_____ _ 

I 

LAW ElVIRONMENTAl. INC. 
112 Tt10VNPARK OAIVE 
KENNESAW GE~IA 30144·5599 
404·421·3400 

GRAIN SIZE DISTRIBUTION 

" PHYSICAL PROPERTIES 


CLIENT Dept. of the Army DATE November 9, 1987 

New England Division 
LL7000.63 

JOB NO. 
Corps of Engineers 

PROJECT DACW33-88-M-0034/LM-88-004 II A 24-48 IISAMPLE IDENTIFICATION --- 

100 

'0 

10 

... 70 
:t 
~ ... 10 
~ 
>• 50 
If ... 
Z 

.0... 
... 
z ... 30 
U 
If ... 
L zo 

10 

0 

I I 

I 
I 

I I 

I I 

I I 

I I 
I 

I I' 

I I 

I 

I i I 

I 

I I 

I 

I: I 
II 

I 

I I 

I · N.... · ·, , • 
I ~ I 

I 

I I 

"I · r--.. 
I r\. II 

I I "-
I 

, 
I 

I 

I I 

I 1\ 
I I 

, 
10... 

I I '" 
I 

I I-

I 

I 

PARTICLE 
PERCENT VOLATILE SOLIDS (%)DIAMETER 
FINER(IN MILLIMETERS) EFFECTIVE SIZE (mm) 

9.5 
4.75 
2.1313 
13.85 
0.425 
0.212 
13 •. 15 
0. 106 
13.075 
0.0396 
13.13283 
13.13206 
13.13114 
13.01384 
13.0062 
13.131345 
0.131333 
13.131314 

U.S. STANDARD SIEVE SIZES 
I·I/Z·' I/Z" 

'" Z" 1"3/." 3/1" • 10 ZO .0 10 100 ZOO 

100 10 1.0 0.1 

GRAIN SIZE IN MILLIMETERS 

0.01 11.001 

COEFFICIENT OF UNIFORMITY 

COEFFICIENT OF CURVATURE 
1013.13 99LIQUID LIMIT
98.9 

PLASTIC LIMIT 45'?8.5 

'?7.0 
 54PLASTICITY INDEX 
'~2. " CLASSIFICATION
86.3 
83.5 

108.9WATER CONTENT (%):313.6 
78.3 DRY DENSITY (PCF) 
70.5 

2.53SPECIFIC GRAVITY68.:3 
64. '? POROSITY (<<lEi) 

53.4 HYDRAULIC 
47.13 CONDUCTIVITY (em/sec @20°C)
413.13 D422. D854TESTPROCEDUREASTM D4318. 
33.0 
2:3.8 
22.5 LAW ENYIRO~INC.

Jill DK 
..-.....'~ 
=r ==.. = .==:... 

" 

-

....... T 


-

-

-

-

-

-

.. 


.. 


.. 


.. 

• 


• 


-


-

AI' 4907lB • 

http:LL7000.63


c.... lAW ElIVlRON.ElITAl. INC. 
-; 112~PARKDRIVE.. - KENNESAW GE~IA 30144·5599 

-
.. 
.. 
.. 
II 

• 
...1 

.. 
• 
.. 

.. 

.. 
• 
--' 

• 

I GRAIN SIZE DISTRIBUTION 

• 
404·421·3400 

& PHYSICAL PROPERTIES 
w,/ 

CLIENT Deet . of the Arm:i November 9, 1987
DATE 

New England Division 

JOB NO. LL7000.63 
CorEs of En~iPneers 

PROJECTDACW-33-88-M-0034/LM-8-004 SAMPLE IDENTIFICATION 
lIB : 0-24" 

u.s. STANDARD SIEVE SIZES 
1·I/Z" liZ" 

3" z.. 1··3/~" 3/'" ~ 10 zo ~o 10 100 zoo 
100 

10-, , · 
I , ~ : 

90 I I ~ • 
I , 

" 
,

I
10 

I •I I , 
I I I 

to 70 
i I · ":t I . 

~ I I 
I '" III 10 

I 

J I • '"> I I 

"""•a: 50 , II 
III 

! 
, I 

~o ... I I I I I 

to 1"\Z Ii i I I 
I 

'" 30 
I

V I I 
, 

"a: IT t"-III I I I 
zo.. 

'i I I 

i l Ii I I 
10 ITI I 

I I I I 
0 

100 10 1.0 0.1 0.01 0.001 

(iRA IN SIZE IN MILLIMETERS 

PARTICLE -
DIAMETER PERCENT VOLATILE SOLIDS (%) 

(IN MILLIMETERS) FINER EFFECTIVE SIZE (mm) -

COEFFICIENT OF UNIFORMITY -

COEFFICIENT OF CURVATURE -
4.75 100.0 L10UID LIMIT 115 
2.00 ':,.~ .j 

e' e' ...... 72
0.:35 '~:3 • :3 PLASTIC LIMIT 

0.425 ,:'1:' ...., 
.....1. ~ PLASTICITY INDEX 43 

e.212 :3:::.7 CLASSI F ICATION -
13.15 :35.1 
0. l0E. :30.4 
0.IH5 7E.• 0 WATER CONTENT (%) 148.5 

0.0457 t;. f.!· 
.• ~ ... -DRY DENSITY (PCF) 

tl.0329 63.4 
SPECIFIC GRAVITY 2.46 

0.0236 5·~. :3 
0.13126 51.3 POROSITY (%) -

oJ1~191 44.7 HYDRAULIC 
I) .lllj6E. 9.4 CONDUCTIVITY (em/sec @ 20' C) -
0.131343 4. TESTPROCEDUREAS™ 04318, 0422, 0854 

1).0034 9. 
0.0014 1. ~,..if. LAW ENVIRO~NC. ~-

.11 of. =: -
t 
II' • 

I 
; 

~ 

• Af 490718 



LAW ElViRON.ElTAL INC. 
112 'l'DNNFARK DRIVE 
KENNESAW. GEQRiIA 30144·5599 
404-421·3400 

GRAIN SIZE DISTRIBUTION 

& PHYSICAL PROPERTIES 


CLIENT Dept, of the Army DATE November 9, 1987 

New England Division 

Corps of Engineers 
JOB NO. LL 7000,63 

PROJECT DACW-33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION _I_IB__2.;;...4_-_4_B_"____ 

100 

'0 

.0 

~ 70 
% 
!! ...• 10 

•> 
50a: ... 

! .0
"
~ 
Z ... 3D 
V 
a: ..... zo 

10 

0 

PARTICLE 

DIAMETER 


liN MILLIMETERS) 


4.75 
2.00 
e. :35 
13.425 
0.212 
13.15 
13.1136 
0.1375 
13.134138 
13.132% 
ll.0214 
13.13117 
~1. 00:35 
13.131362 
13.13045 
0.13032 
13.131314 

"I/Z" I/Z" 

.. 2" ,"'/... 3/." 


0 0 

I 

0 

I 

I 

0 

I 

I 

I 

I 

I " 

I I 

I 

I 

I 

I 

10 

, 

100 

PERCENT 
FINER 

10l1.0 
';09.9 
.~o C' 
",,~ 1 __1 

94.8 
88.3 
85.3 
81.5 
..,.., Q 
I I • J 

70.2 
,. co .
b,J.b 

62.1 
51.0 
44.8 
38.:3 
34.2 
'':IQ " ... ".0 
23.1 

• 

I:
0 

I 

I 

I 

0 

I 

I 

0 

I 

I 

0 

I 

II 

0 

U.S. STANDARD SIEVE SIZES 

10 20 .0 10 100 ZOO 

I 

0 
0or-. 

I r.... I 

0 ....... 0 


0 

0 

I 

I 

I 

I 

0 

0I 
I 

0 ~ 
0 I'\. 
I "'
0 

I 

I 

0 

0 

I 

0 

I 

1.0 0.1 

GRAIN SIZE IN MILLIMETERS 

"

t'-.... 
l" 

i 
I 

0.01 11.001 

VOLATILE SOLIDS (%) _________ 

EFFECTIVE SIZE (mm) __________ 

COEFFICIENT OF UNIFORMITY ----__ 
COEFFICIENT OF CURVATURE ______ 
LIQUID LIMIT ________1...:,.0...::;1____ 

PLASTIC LIMIT 54 

PLASTICITY INDEX 47 

CLASSIFICATION 

WATERCONTENT(%) ___~1~2~l,4~___ 

DRY DENSITY (PCF) __________ 

SPECIFIC GRAVITY 2_,_57_____ ____ 

POROSITY (%) ____________ 

HYDRAULIC 
CONDUCTIVITY (em/see@20°C) ----- 

TEST PROCEDURE ASTM 04318, D422, DRS4 


LAW ENVIRONMENTAL. IN , 

;If 1/, o;e 

r 

.. 


.. 

-

-


• 

• 

• 


• 


-

-


-

AF 4907lB 



LAW ENVlRON.ENTAl. 'NC. .. 
I 

KENNESAW GE~IA 30144·5599 
«)4·421·3400 

GRAIN SIZE DISTRIBUTION 

112 TC1M4""RK DRIVE 

, a PHYSICAL PROPERTIES 

CLIENT Dept. of the Army DATE November 9, 1987- New En91and Division 

JOB NO. LL7000.63 
Corps of Engineers- PROJECT DACW-33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION 

I IC : 0-24" 

- u.s. STANDARD SIEVE SIZES 
1·1/Z" I/Z" 

3" Z" 1"3/." 1/." • 10 ZO .0 .0 100 200 
100 , , , · I ,ro- i"o.. · ·10 I , r........I • 
.0 

I I , , 
I I • 't'-

I , 
I\. 

~ 70 I •:t I , I\.!! , 
I 

, 
" 101 I

.0• I Ii • ~ 
> I I 

I ~• 
It 

50 
I ,I 

.. 

.. 
101
Z , I 

~ .0 II I , 
~ ,Z II I 
101 30 

I I 1".......v , , 
a: II I ........ .......101 I I 

f L 20 I
II I I 

.. 
I' , I

10 , I! I 

0 I 
, , 

100 10 1.0 0.1 0.01 0.001 

GRAIN SIZE IN MII.L.IMETERS 

PARTICLE 
PERCENT VOLATILE SOLIDS (%) -DIAMETER.. 

fiN MILLIMETERS) FINER EFFECTIVE SIZE (mml -
COEFFICIENT OF UNIFORMITY -

• COEFFICIENT OF CURVATURE -
'3.5 1130.0 LIQUID LIMIT 114 
4.75 '39.6 762.00 ',9.1 PLASTIC LIMIT 

0.:35 ',8.2 PLASTICITY INDEX 38.. 
0.425 '14.9 

CLASSI FICATION -
0.212 :38.9 -0.15 85.8 
0.1136 {-..... ., 

WATER CONTENT (%) 150.4.j';:'. I• 
0.075 ~Q .-. -1 ... 0 DRY DENSITY (PCF)
13.0421 75.0 
13.133139 6:3.5 SPECIFIC GRAVITY 2.48.. 
0.13224 63.6 POROSITY (%) -
0.0122 c .. 

..J~. Ij HYDRAULIC 
0. 0~j:38 46.4 CONDUCTIVITY (em/sec @ 20° C) -
0.0065 37.0 

TEST PROCEDURE ASTM 04318. 0422. 0854 
0.004:3 2:3.4 

.. 
0.131334 26.3 

E""13.0014 20.3 LAW ENVIRONMENTAL. INC. 

I 
,HI!. Dt.~ ~ 

.. 1>F 4907lB 



LAW ENVIRONMENTAL. INC. 
112 'll:JNNPARK OAIVE 

KENNESAW GEORiIA 30144·5599 

4()4·421·3400 


GRAIN SIZE DISTRIBUTION 
a PHYSICAL PROPERTIES 

' ........ 

CLIENT Dept. of the Army DATE November 9« 1987 

New England Division 

Corps of Engineers 
JOB NO. LL7000.63 

PROJECT DACW-33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION _I_I_C___2_4_-_4_8_"____ 

-

-

-

-

-

-


III 

• 

III 

• 


-

-

-

-


3" 
100 

'0 

10 

.. 70 
:z: 
!!., 

.0 
~ 
> 

50•a: 
III 

~ 40 ... .. 
Z 
III 30 
U 
a: ..III zo 

U.S. STANDARD SIEVE SIZES 
I.I/Z" I/Z" 

2" 1"'/4'" 3/1" 4 10 20 40 .0 100 ZOO 

I 

1 

I 

I 

I 

I 

1 

I 

1 

I 

It 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

! 

I 
i 

I 

I 

Ir---
I 

I 

I 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

.......... 
..... 

I 
I 

• 
: 
· I 

I 1'0. 
I 

I 

I 

• 
I 

I 

I 

I 

I 

I 

I 

r-... 

" ~ 
"' 

~ 

......... ... 

10 

0 

PARTICLE 
DIAMETER 

(IN MI LLIMETERS) 

4.75 
2.013 
0.:35 
13.425 
0.212 
0. 15 
0. leE, 
0.075 
13.0'384 
€I.0277 
€I.€I203 
€I.€I112 
0.€10'~:3 

0.00'61 
€I. 0'1)44 
0'.€I€132 
0.13013 

AF 4907lB 

100 

PERCENT 
FINER 

11313.0' 
'~9. 0' 
,:.~ ~ 
." I. I 

'H.2 
87.8 
'::0 C'
'.'·oJ • 1 
82.3 
8€1.3 
71.0 
68.2 
63.5 
53.3 
46. 7 
40.2 
34. 1 
30.2 
23.2 

10 1.0 0.1 0.01 11.001 

GRAIN SIZE IN MILLIMETERS 

VOLATILE SOLIDS (%) 

EFFECTIVE SIZE (mm) 

COEFFICIENT OF UNIFORMITY 

COEFFICIENT OF CURVATURE 

LIQUID LIMIT 105 

PLASTIC LIMIT 55 

PLASTICITY INDEX 50 

CLASSI F ICATION 

WATER CONTENT (%) 109.7 

DRY DENSITY (PCF) 

SPECIFIC GRAVITY 2.55 

POROSITY (%) 

HYDRAULIC 
CONDUCTIVITY (em/sec @ 20° C) ----- 
TEST PROCEDURE ASTM 04318, 0422, 0854 

LAW ENVIRO~NC. 

;ef. If, Df 



LAW UVIJlO"MfJHAl. I"C. 
1 1 2 TOIINPARI< DRIVE .. 

-
-
.. 

.. 

III 

• 
.. 

• 

• 

.. 

.. 
• 
.. 

• AF 4907lB 

I 
-• KENNE~ GE~IA 30144·5599 

404·421·3400 

GRAIN SIZE DISTRIBUTION 
It PHYSICAL PROPERTIES 

CLIENT Dept. of the Arm:t November 9. 1987DATE 

New EnSl1and Divislon 

JOB NO. 
LL7000.63 

Corps of Engineers 

PROJECT DACW- 33-88-M-0034 /LM-88-004 IID : 0-24"SAMPLE IDENTIFICATION 

u.s. STANDARD SIEVE SIZES 
I-I/Z" I/Z" 

3" Z" 1"3/." 3/." 10 ZO .0 .0 100 ZOO•
100 

~..I.I I · 
I I:" ...... : 

'0 I I'......I I 

I • ....... •I
10 •I I 

I I r-...I- 70 I I% I • '\ 
~ • I •
III I 

J .0 I ......i I 

>- I I ..........•
It 

50 
I II 

III 
Z I I 

... .0 
II I I 

l-
IZ .1 I 1

III 30 
Iu I I I 

It II IIII.. I I zo I
i I I 

:! I I 
10 

I I! I 

I I I I 
0 

\00 10 1.0 0.1 0.0 I 

GRAIN SIZE IN MILLIMETERS 

PARTICLE 
PERCENT VOLATILE SOLIDS (%)DIAMETER 

!IN MILLIMETERS) FINER EFFECTIVE SIZE (mm) 

COEFFICIENT OF UNIFORMITY 

COEFFICIENT OF CURVATURE 

-

0.00\ 

4.7.5 100.13 LIQUID LIMIT 
2.13(1 ':.':. "%

."." • ..J PLASTIC LIMIT0. :35 '~:3. 4 
0.425 '~5. 1 PLASTICITY INDEX 

0.212 ;:::3.7 CLASSI FICATION 
13.15 :35.6 
0.106 :32.0 
0.1375 J '."'j 

-,,:. ,-, WATER CONTENT (%) 

e. (1447 71.8 DRY DENSITY (PCF) 
0.1332:3 64.0 SPECIFIC GRAVITY
0.0236 5'~. '? 
13.0125 oJ!J. t. 

-

c:"- .- POROSITY (%) 

0.00·~1 48.1 HYDRAULIC 

~ --

I 

-

-

148 

96 

52 

-

-
175.0 

2.44 

-

-

-0.01366 3'? 2 CONDUCTIVITY (em/sec @ 20° C) 

I 

I 

r-

13.13048 31.2 TEST PROCEDURE ASTM D4318, D422, D854 
13.01335 27.6 
0.0014 21.4 -LAW ENVIRONMENTAl, INC. S-' 

I 
Ii/. O:L~ ~ 



I 
LAW ENVIRONMENTAL INC. 
112 T!1NN~RK DRIVE 
KENNESW( GECRilA 30144·5599 
404-~21·3400 -

GRAIN SIZE DISTRIBUTION 
a PHYSICAL PROPERTIES 


CLIENT Oept. of the Army DATE November 9, 1987 

New England Oivision 

Corps of Engineers 
JOB NO. LL 7000.63 

PROJECT OACW-33-88-M-0034/LM-88-004 SAMPLE IDENTIF ICA TlON ....;1....;1.;;,0__....;2;;....;4'--.....;.4.;;,8_·____ 

100 

90 

'0 

~ 70 
:z: 
!! 
III .0 
~ 
>• 
I: 

50 

III 
Z 

• .0 

~ 
Z 

30III 
U 
a: 
III 
IL 20 

10 

0 

PARTICLE 
DIAMETER 

(IN MILLIMETERS) 

Q co 
.......1 

4.75 
2.1313 
0.85 
13.425 
13.212 
e. 15 
e. 1136 
13.075 
13.0413 
13.03131 
13.13219 
0.13118 
13.013:36 
13.0062 
0.0046 
0.0633 
13.13014 

I-I/Z" I/Z" 
3" z" 1"3/." l/." • 

100 

PERCENT 
FINER 

11313.0 
99. 7 
'19.4 
'~:3. 4 
',5.3 
S'?8 
:::7.6 
:::4.2 
:31. '1 
73. '? 
6:3.7 
•  co
"!" ..) 
54. '1 
4:::.2 
42.5 
,!,t·. 1 
30. '? 
22.6 

, , 
I 

I 

, I 

I I 

I , 
t I 
I 

I 

I t 

I 

I I 

II I 

I I 

t 

I 

I 
I 

f 
, 

10 

u.s. STANDARD SIEVI: SIZES 

10 20 .0 .0 100 ZOO 

· ,..... ~ : 
I ............ • 
I 

I I 

I I r'\. 
• ,

I 

t 
I 

I I " ! I " I 

I 

I I I 

1 
t , 

I t " I t ...... 
I I 

I t 

f 

• 
1.0 0.1 0.01 11.001 

GRAIN SIZE IN MILLIMETERS 

VOLATI LE SOLIDS (%) _________ 

EFFECTIVE SIZE (mm) _________ 

COEFFICIENT OF UNIFORMITY ---  __ 

COEFFICIENT OF CURVATURE 

LIQUID LIMIT 134 

PLASTIC LIMIT 72 

PLASTICITY INDEX 62 

CLASSI F ICATION 

WATER CONTENT (%) 143.0 

DRY DENSITY (PCF) 

SPECIFIC GRAVITY 2.53 

POROSITY (%) 

HYDRAULIC 
CONDUCTIVITY (em/sec @20°C) ----- 
TEST PROCEDURE ASTM 04318, 0422, 0854 

,,' 

-
-
-
• 

-
-
• 

.. 
• 
• 

-
-
-
-

AF 4907lB • 



•• 

LA. til tI"U,U'U IAI.. III&;. 
112 ~PARK DRIVE .. 

-
-
.. 

• 
.. 
• 

.. 

• 
.. 
• 
... 

.. 

I 
KENNESAW GE~IA 30144·5599 
~·421·3400 

GRAIN SIZE DISTRIBUTION 
& PHYSICAL PROPERTIES 

'.." CLIENT DeEt. of the Arm:t: DATE November 9, 1987 

New En~land Division 

JOB NO. LL7000.63 
CQr~s Qf EDgin~er§ 

PROJECTDACW-33-88-M-0034/LM-88-004 IIE : 0-24"
SAMPLE IDENTIFICATION 

u.s. STANDARD SIEVE SIZES 
1-1/2" 1/2" , 

3" 2" 1"3/." 3/." • 10 20 .0 10 100 200 
100 

I I I . 
I ~t"-- :

90 I I ....... ~ I • 
I I • ........ I 

.0 
I I • roo", 

I I ~ I- 70 
I:t I I I 

I 1\
!! I I I \III 10 

I 

J I 
I I 

, 
>- I \.• I 

It 
50 

I I \.I 
III 
Z I I 

.0 ... I I I I I 

I-
Z .I I I 

I 
III 30 

IIJ I I I 

It r....III I I I ....
L 20 I ~ ..,I 

I I 

I I I
10 

I I 

I I I 
0 

100 10 1.0 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

PARTICLE 
VOLATILE SOUDS (%/ -

DIAMETER PERCENT 
(IN MILLIMETERS) FINER EFFECTIVE SIZE (mm) -

COEFFICIENT OF UNIFORMITY -

COEFFICIENT OF CURVATURE -
LIQUID LIMIT 132

9.5 1013.13 
4.75 ·~8. 0 PLASTIC LIMIT 74 
2.00 '?7. ;; PLASTICITY INDEX 58 
0.8S ..' t·. ,_I 

~., c-

0.425 n.5 CLASSIFICATION -

13.212 :38.2 -
13.1S 85.4 173.00.106 :31. 7 WATER CONTENT (%) 

13.075 78.5 DRY DENSITY (PCF) -
13.13431 ......." 

fPj.1j 
SPECIFIC GRAVITY 2.410.0317 IS',. 5 

0.0232 .- ..... ~b..:.. I POROSITY (%) -
0.0126 50.6 

HYDRAULIC0.131393 413.4 
CONDUCTIVITY (em/sec @ 20" C) -

0.G~1i~9 313.4 
~'. 0049 26.2 TEST PROCEDURE ASTM 04318. 0422, D854 

0.131335 23.7 

-~ 
0.13015 17.1 

LAW ENVIRONMENTAl. INC. .=-'"== =:. 

I 
;11.17- {)r~ ~ .. N' 4907lB 



I 
LAW ENVIRON.ENTAl. INC. 
112lUNN~RI< DRIVE 
KENNESM( GECRiIA 301«·5599 
40....21·3400 

GRAIN SIZE DISTRIBUTION 
& PHYSICAL PROPERTIES 


'-,
CLIENT Dept. of the Army November 9, 1987DATE 

New England Division -
JOB NO. LL 7000.63 


Corps of Engineers 
 -PROJECTDACW-33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION .....=.I.:,.IE:::.-.....:.....--=2..::,4_-,::.48::..."____ 

U.S. STANDARD SIEVE SIZES -
• 

~ 
:z: -!! 
III 
J 
>• 
IE 
III -
Z 
... 
~ 
Z ..III 

V 

IE 
III 

L 


• 

• 

• 

• 

-
-

• 

.o~4-~--_H~~~~~I--~~~I+-~+---~~+#~~--~~~+-~+---~~~~~---H++H 
I 

G"AIN SIZE IN MILLIMIETE"S 

PARTICLE 
DIAMETER 

(IN MILLIMETERS) 
PERCENT 
FINER 

VOLATILE SOLIDS (%) -
EFFECTIVE SIZE (mm) -

9.5 
4.75 
2.130 
0.:35 
13.425 
13,212 
13.15 
13.106 

11313.13 
'38.7 
'~8. 13 
'~E" 9 
'33.5 
88.0 
:35.4 
:32.6 

13.1375 80.3 
0.13377 77.4 
13.13276 72.8 
0.0202 t· I" • " 

13.13111 
13.131381 

57.1 

13.131361 
13.131)44 

41.5 

13.01332 
13.131313 

33.1 

I 

51.13 

~ .• ,-
!·o. b 

24.1 

COEFFICIENT OF UNIFORMITY -
COEFFICIENT OF CURVATURE -

LIQUID LIMIT 112 

PLASTIC LIMIT 52 

PLASTICITY INDEX 60 

CLASSI F ICATION -
-

WATER CONTENT (%) 118.9 

DRY DENSITY (PCF) -
SPECIFIC GRAVITY 2.57 

POROSITY (%) 

HYDRAULIC 
CONDUCTIVITY (em/sec@20°C)----------- 
TEST PROCEDURE Astm D4318, D422, D854 

If LAW ENVIRONMENTAL. INC. 

.!l.Dt~ 
M' 4907lB 

.. 

http:I.:,.IE:::.-.....:.....--=2..::,4_-,::.48


LAW ENVIRONMENTAL. INC. 

• 
I 

KENNESAW GE~IA 30144·5599 
4()oC·421·3400 

GRAIN SIZE DISTRIBUTION 

112 'Il)VN""RK DRIVE 

, a PHYSICAL PROPERTIES 

CLIENT Dee t . of the Arm:L DATE NQv~m!'.2er 9, 1987- New England Division 

JOB NO. LL7000.63 
Coq.:~s of En2ineers- PROJECTDACW-33-88-M-0034/LM-88-004 SAMPLE IDENTIFICATION IIF : 0-24" 

- u.s. STANOARO SIEVE SIZES 
I·I/Z" I/Z" 

3" Z" 1"3/4" 3/1" 4 10 20 40 10 100 200 
100 

I I I · .. I N · · '0 I I r-...... · I I 

"" 
II

.0 , J I I 

III I 
~ 70 I Il: I I 

'"!! I J I ~ III 
, 

~ 
10 

I ~I I• >- I j I "•
I: 

50 
I I I '\.

101 
Z I I 

II. 
40 

I I I I I.. ~ 
IZ I .1101 30 

I I 

"U I I I 

I: 
I "'101 I I 

I' 
&. 20 I -II I I 

I I
10 

I I 

I I 
0 

I I .. 100 10 1.0 0.1 0.01 Q.OOI 

GRAIN SIZE IN MILLIMETERS 

.. PARTICLE 
PERCENT VOLATILE SOLIDS (%) -

DIAMETER 
liN MILLIMETERS) FINER EFFECTIVE SIZE (mm) -

COEFFICIENT OF UNIFORMITY -.. COEFFICIENT OF CURVATURE -
.~. 5 11313.13 LlaUID LIMIT 109 

III 

4.75 99.1 
PLASTIC LIMIT 68

2.013 'j8. Eo 

0.85 ':"6. :3 PLASTICITY INDEX 41 

13.425 ':'.0:0 0 CLASSIFICATION -..... '., 

13.212 :35 •. , -.. 13.15 82.2 
143.30.10~ 77.E. WATER CONTENT (%) 

e.075 73.3 DRY DENSITY (PCF) -.. e.043·~ 67.5 SPECIFIC GRAVITY 2.48 
13.13322 60.5 - -13.13231 I:'~ .~ POROSITY (%)

..If • ~ 

13.0125 47.5 HYDRAULIC 
e.lj0'j0 42.1) CONDUCTIVITY (em/sec @ 20· C) -
0.0666 34.4 TEST PROCEDURE ASTM 04318 1 D422, 0854 

" 

13.01348 2:3.4 

• 
0.81334 25.4 --LAW ENVIRONMENTAL. INC. -=r
0.J)€114 18.9 

,I( fl. ()~~ ~ I 
.. M' 49071B 



--

•• 

I 
CLIENT 

PROJECT 

100 

'0 

.0 

~ 70 

% 


• 
~ 
III .0 

~• 50 
I:.. 
Z 

40 
II. 

~ 
Z 

III 
 30 
U 
I: ..'" zo 

10 

0 

PARTICLE 

DIAMETER 


(IN MILLIMETERS) 


4.75 
2. ~1L~1 
0.:35 
0.425 
0.::12 
0.15 
0.1(16 
0.075 
0.0358 
0.0265 
0. (1193 
0.tq~39 

tl.01379 
0.0060 
0.0044 
0.0032 
0.0013 

LAW ENVIRONMENTAl. INC. 
112lONN~RI( DRIVE 
KENNESoW.( GEO~IA 30144·5599 
~·421·3400 

GRAIN SIZE DISTRIBUTION 
" PHYSICAL PROPERTIES 

Dept. of the Army DATE November 9, 

New England Division 
LL7000.63JOB NO. 

1987 

Corps of Engineers 


DACW-33-88-0034/LM-88-004 SAMPLE IDENTIFICATION __I_I_F___2_4_-_4_8_"___ 


1·112" lIZ" 
3" 2" 1"31." 31'" • 

I I 

I 
I 

I I 

I I 

I I 

I I 
I 

II 
I II 

I I 

I 

I I' I 

IJ I 

I I 

I 

Ii I 
II 

I 

I I 

100 10 

PERCENT 
FINER 

'?:3.:3 
':":3. 2 
?6.5 
'~1.2 

:::3.2 
79,'? 
76.5 
73.9 
68.4 

60.4 
50.1 
45. ::: 
3';'.5 
31.:3 
::7 .1 
! '? 5 

U.S. STANDARD SIEVE SIZES 

10 zo .0 10 100 

I 

r-; 
r.... 

I I'. 
I ........ 
I 

I 

I 

I 
I 

I 

I 
I 

I 

I 
I I 
I J 

ZOO . 
: 
• 
I 

I 

I t"-.. 
I c--.. 
I 

I 

I 

I 

I 

I 

I 

I 

I 

1.0 0.1 

GRAIN SIZE IN MILLIMETERS 

~ 

" 

i " " 
"'

0.01 1>.001 

VOLATILE SOLIDS (%) _________ 


EFFECTIVE SIZE (mm) _________ 


COEFFICIENT OF UNIFORMITY -----_ 
COEFFICIENT OF CURVATURE ___-=-__ 
LIQUID LIMIT ________~8::..9~_~ 

PLASTIC LIMIT 52 

PLASTICITY INDEX 37 

CLASSI F ICATION 

WATER CONTENT (%) ______1~Ou2~6~_ 

DRY DENSITY (PCF) __________ 

SPECIFIC GRAVITY --=2..:.. .;;:.5..:<.6______ __ 

POROSITY (%) ____________ 

HYDRAULIC 
CONDUCTIVITY (em/sec @ 20· C) ----- 

TEST PROCEDURE ASTM D4318, D422, D854 


LAW ENYIRONMENJ~ INC. 

tit!. O;t:. ~ 
~ --=:. == , l 
~ 

-

• 


-

-

• 


-

-

• 


• 

• 

• 

• 


-

-


-

M' 4907lB 

http:LL7000.63


• 


• 

.. 


Geotechnical Engineers, Inc . 

.. 

.. 

.. 

.. 
• 

October 1987 to November 1987 

• 

• 



• 

LIST OF SYMBOLS 


Ck Virgin Compression Ratio = from virgin compressionu - ~log v 

- LL - Liquid Limit 


PL - Plastic Limit 


PI - Plasticity Index = LL - PL
- Wn - PLIL - Liquidity Index = 
LL - PL 

• 
eo - Initial Void Ratio 


Wo - Initial Water Content
• 
W - Natural water Content 


So - Initial Degree of Saturation 


c.; - Specific Gravity
.. 
- Effective Vertical Stress°v 


€v - Vertical Strain, Percent 


- Coefficient of Consolidation
Cv 

•• Co; Coefficient of Secondary Compression = 
blog t 

q - Shear Stress = 

.. 
• 2 

p - Mean Effective Stress 

C3 - Effective Minor Principal Stress.. 
.. 

0, - Effective Major Principal Stress 

U - Pore Pressure 

.. Dc - Specimen Diameter after Consolidation 

Lc - Specimen Length after Consolidation 

Bc - b-value after consolidation 

-

• 
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TABLE 5 SUHHARY OF I..ABalA'Ja(Y TESTS 
Nell Bedford Superfund Site 

QTest TTest 
Consolidation Test Peak \later P<!ak 

Class- Specific Grain Fig. eo 110 CR Fig. \later Deviator Fig. Effective Content Shear 
lIatural ification Gravity Size No. lb. Content Stress No. Consol after Stress 

idation Consol-
Boring Sample o.:pth 

ft. 
II 

\ 
lL PL PI Fig. 

" " pst 
Stress 

pst 
idation 

" psf 

----
PD27 001 5.5-7.5 128 122 35 87 Of{ C4 128 120 

PD21 002 8.0-10.0 103 104 33 11 en C1 10) 2)) 

PD27 ID1 13.0-15.0 120 Of{ 

PD29 002 7.5-9.5 92 83 25 58 OH 4 C6 92 105 C9 614 66 298 

PD3-1A 001 4.0-6.0 120 Of{ 

PD34A 002 6.5-8.5 99 116 35 81 Of{ 2.59 C1 3.048 118.0 0.464 

PD34 Ul 10.0-12.0 91 106 33 13 Of{ 2.66 C8 1434 51 401 

PD3.J U5 15.0-17.0 88 103 36 67 Of{ 2.56 4 C2 2.321 90.0 0.243 C5 86 519 

TP3 51 4.0 5tl 5 

TP4 51 J.5 511 5 

GEl 
Nov~r 13, 19S7 
Project 87311 

( ! ( 
, 'I. 

I I I I I I I I I 
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GRAIN SIZE DISTRIBUTION TEST REPORT• .5 
.S .5 S.s .5 	 .s N 

"- c 
; .- ~ 	 ~ .. !... .. N - ... ,;, 	 ~ ! ! ~lee - - CD -	 = 
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0:::: w -U. 
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w= 
i....) 
0:: w u.. 

913 

80 

70 

60 

sa 

413 

313 

:2~ 

• 110 


a
• :21010 1010 113.13 1. a e. 1 	 .10101 
GRAIN 	 S~ZE - mm 

,..,I % +3'" % SAND % FINES% GRAVEL 
71.:2:29.813.13 10.10 
8:2.410.13 17.6t::. 13.13 

• 

• 


• 


• 


LL PI D6a Dse D1S DleDes D3a Cc Cu 
83 58 13.23 13.133 a.ees 10.101027 13.7410.101315 33.9 

t::. 13.76 27.5las 0.139 13.133 13.13137 13.131330 13.13131667 

MATERIAL DESCRIPTION AASHTO .USCS 
o Organic clay OH 
t::. Organic clay OH 

• Project No.: 87311 

• 
Project: New Bed~ord Super~und 


0 Location: PD-:29, UO-2 

t::. Location: PD-34, u-s 


Date: 	 -November 13, 1987 

GRAIN SIZE DISTRIBUTION TEST REPORT 

,..I 	 GEOTECHNICAL ENGINEERS, It~C. 

• 


• 


GRAIN SIZE CURVES 
ORGANIC CLAY 

Fig. No. 4 



GRAIN SIZE DISTRIBUTION TEST REPORT 
.l 

I , 
.5

lee 

913 

8a 

78 

a:: 
60~ 

..:..-u.. 
t 513 
:z: 
LU w 
a: 413 

~ \ r: 
LU 

d~~," ! i\"

0 

LJ. 

o 

313 

213 

N 
113 

13 
21313 lee 113.13 1.13 13.1 

GRAIN SIZE - mm 

% +3'" % GRAVEL % SAND 
13.13 34.8 53.0 
13.13 13.5 72.8 

LL PI 

18.213 3.82 1.513 13.422 13.1216 
3.89 8.34 8.25 13.144 13.13783 

MATERIAL DESCRIPTION 

o Silty sand with gravel 
~ Silty sand with gravel 

Project No.: 87311 
Project: New BedTord SuperTund 
o Location: TP-3 
~ Location: TP-4 

Date: November 13, 1987 

GRAIN SIZE DISTRIBUTION TEST REPORT 

GEOTECHNICAL ENGINEERS, INC. 
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.01 ",-,.-1
I 
i 

% FINES 
12.2 
13.6 

C'J. 

uses AASHTO 

SM 
SM 

GRAIN SIZE CURVES 
OOSHORE FILL 

,,-. 
Fig. No. 5 
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SOIL _ 
PD34A~U02/C 

Organic Clay. (OH) 

LL =116 PI =81 


STRUCTURE 

Undisturbed Osterberg 

Sample • 


STATE 

eo= 3.048 Wo = 118 % 

So = 100 % 


LOADING 

One-dimensional 

compression. 


TEST DETAILS 

Dia. = 2.5 in. 

Ht. = 0.5 in. 

Load incr. ratio = .5 

Time of curve = 480 min. 
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EFFECTIVE VERTICAL STRESS, Ov tsf 

I r US Army Corps ~f~- I Exploration Program COMPRESSION CURVE 
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Superfund Site TEST c1 
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SOIL:- I 
PD34 ,U 5/B 

Organic Clay. (OH) 

LL =103 PI =67 


STRUCTURE 

Undisturbed Osterberg 

Sample • 


STATE 

eo= 2.321 Wo = 90 % 

So= 99.~ % 


LOADING 

One-dimensional 

compression. 


TEST DETAILS 

Dia. = 2.5 in . 

Ht. = 0.5 in. 

Load incr. ratio = .5 

Time of curve = 480 min. 


US Army Corps of I Exploration Program COMPRESSION CURVE 
Engineers - NED I New Bedford 

1 I Superfund Site TEST C2 
IGEI ~----------------------+-----------------------~ 
lWinChester,MassaChusett Project 87311 Nov. 13, 19ti7 ( 1.c2{ , I 
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EFfECTIVE VEJrnCAI.. STRESS, tilt 
C TtST C1 + TEST C2 

Notes: 

1) Cv based on t90 on square root 

of time consolidation curve • 

US Army Corps of 
Engineers - NED 

Exploration Program 
New Bedford 

Superfund Site 

COEFFICIENT OF 
CONSOLIDATION 

GEI 
Winchester,Massachusetts Project 87311 Nov. 13, 1987 Fig.C3 
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~IAL STRAIN ~ 	 'utI • 
\, 

Soil: 	 Borin~ PD27 , Sample UOl , Depth = 6.8 ft. 
I 

Organic Clay.(OH) 

LL = 122 PI = 87 

Structure: 	 Undisturbed 3 - inch dia. tube sample I..
State: 	 Cell Pressure = 410 psf 

Natural Moisture Content = 128 % i 
Dry Unit Weight = 37.9 pcf ,-Loading: 	 Axial compression, unconsolidated, undrained. I 
Strain rate = 0.50 %/min. 

Nominal Size: 	 Height .:: 6.0 inches rDiameter = 2.8 inches 

r 
-

US Army Corps of 
Engineers - NED 

GEI 
Winchester,Massachusetts 

Exploration Program UNCONSOLIDATED 'I~I 

New Bedford UNDRAINED 
Superfund Site TRIAXIAL TEST Q1 

Project 87311 Nov. 13, 19~7 Fig.C4 
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AXIAL STRAIN r. 

Soil: Boring PD34 , Sample 

Organic Clay.(OH) 

LL = 103 PI = 67 

U5, Depth = 16.6 ft. 

Structure: Undisturbed 3 - inch dia. tube sample 

State: Cell Pressure = 410 psf 
Natural Moisture Content = 86 
Dry Unit Weight = 49.6 pcf 

% 

Loading: Axial compression, 
Strain rate = 0.50 

unconsolidated, 
%/min. 

undrained. 

Nominal Size: Height = 6.4 inches 
Diameter = 2.8 inches 

US Army Corps of 
Engineers - NED 

Exploration Program 
New Bedford 

UNCONSOLIDATED 
UNDRAINED 

GEl 
Superfund Site TRIAXIAL TEST Q2 

Winchester ,Massachusetts Project 87311 Nov. 13, 1987 Fig.CS 
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AXIAL STRAIN ,; 
~.. 

Soil: Boring PD29 , Sample U02 , Depth = 8.5 ft. •Organic Clay.(OH) 

LL = 83 PI = 58 

Structure: Undisturbed 3 - inch dia. tube sample 

State: Cell Pressure = 410 psf •Natural Moisture Content = 92 % 
Dry Unit Weight = 47.1 pcf 

Loading: Axial compression, unconsolidated, undrained. -
Strain rate = 0.50 %/min. 

Nominal Size: Height = 6.4 inches -Diameter = 2.8 inches 

-
US Army Corps of Exploration Program 
Engineers - NED New Bedford 

Superfund Site 
GEI 
Winchester,Massachusetts Project 87311 l'iov. 13, 1987 Fig .C6 
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Soil: 

Structure: 

State: 

8 12 16 20 24 

AXIAL STRAIN ,; 

Boring PD27 , Sample U02 , Depth = 9.5 ft. 

Organic Clay.(OH) 

LL =. 1 04 PI = 71 

Undisturbed 3 - inch dia. tube sample 

Cell Pressure = 410 psf 
Natural Moisture Content = 103 
Dry Unit Weight = 44.3 pcf 

Loading: Axial compression, unconsolidated, undrained. 
Strain rate = 0.50 %/min. 

Nominal Size: Height = 6.5 inches 
Diameter = l.8 inches 

US Army Corps of 
Engineers - NED 

GEI 
Winchester, Massachusetts 

Exploration Program 
New Bedford 

Superfund Site 

UNCONSOLIDATED 
UNDRAINED 

TRIAXIAL TEST Q4 

Project 87311 Nov. 13, 19b7 Fig·C7 
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STS Consultants Ltd. 
Consulting Engineers 

111 Pfingsten Road 
Northbrook. Illinois 60062 

(312) 272-6520 	 September 21, 1988 

Mr. Gary Willibey 
Nicolon Corp. 
3150 	 Holcomb Bridge Road 
Suite 300 
Norcross, GA 30071 

RE: 	 Seam Strength Testing for the Confined Disposal Facility, 

New Bedford, MA -- STS Project No. 23769-AA 


Dear 	Mr. Willibey: 

Enclosed are results of seam strength tests performed on a white 
woven geotextile sample received from R. Zoppo Co., Inc. This 
fabric is from the Confined Disposal Facility (Contract No. DACW 
33-88-C-0004) EPA Supelfund Site at New Bedford, MA. 

Wide width seam tensile strength tests were performed in general 
accordance with ASTM standard 0-4595. All specimens measured 8 
in. wide with a 4 in. gage length, and were tested at a rate of 
0.4 in./min. At the present time, we are unable to test the wide 
width strength of this fabric due to damage to our high strength 
tensile clamps . 

If you have any questions regarding the data, or our test 
procedures, please do not hesitate to contact us . 

Respectfully, 

~CJO~Tif}/ LTD . 

Wil;;;~. Bell, P.E. 

pr7.~t E~;i,~eer 
;..J- ,_,/-;--,1
A~rew E. ;Haubert, P.E. 
Principal Engineer 

WDB/1m 

encl . 



~~ 
Seam Tensile Strength Test~ 

(AS'l'M D-4595)STS Consultants Ltd. 

-


SiS Job No.: 23769-AA 
Project: Nicolon 
Geotextile: White woven -
Specimen: Sample 1 

7/15/88 .. 
SUMMARY OF TEST RESULTS 

-
SpecinienSeam Type 

Butterfly I 

2 

Ave. 

Fabric failed in all samples 

3 rows of stitching 
6 stitches per inch 
fabric in cross direction 

P~ak Load (lbs/inl 

728 .. 
750 -

• 
739 

• 

• 

• 

.. 
.. 
-
-

-

• 


II 



.. 
Seam Tensile Strength Test ~~ 

STS Consultants Ltd. 	 (ASTM 0-4595) 

STS Job No.: 
Project: 
Geotext n e: 
Specimen: 
9/14/88 

-

23769-AA 
Nicolon 
White wover 
Sample 2 

.. 
Seam Type 

Butterfly 

• 
• 

.. 

.. 

.. 

• 
Fabric failed in all samples 

• 	 2 rows of stitching 
6 stitches per inch 
fabric in cross direction 

SUMMARY OF TEST RESULTS 


Specimen Peak Load (lbs/in) 

1 615 


2 
 725 


3 
 ~ 

Ave. 703 



-~~ Seam Tensile Strength Test 

STS Consultants Ltd. (ASTM 0-4595) 

STS Job No.: 23769-AA -Project: Nicolon 
Geotextile: White woven 
Specimen: Sample 3 -9/14/88 

SUMMARY OF TEST RESULTS -
SpecimenSeam Type Peak Load (lbs/in) -

Butterfly 1 712 -
2 694 -
3 • 

Ave. 687 

• 
.. 
• 

-
Fabric failed in all samples -
2 rows of stitching 
6 stitches per inch -fabric in cross direction 

... 


.. 

• 
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• 
20 October 1988 
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- STANDARD USED IN TESTING 

• Wide Strip Tensile Strength - ASTM D4595, 
by the Wide-Width Strip Method." 

• 

• 

• 

-
• 
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• 
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"Tensile Properties of G~otextiles 
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GEOSYNTHETIC CONFORHANCE TESTING 
USAE NEW BEDFORD HARBOR PROJECT 

CLIENT: NICOLON CORPORATION HATERIAL TESTED: WOVEN GEOTEXTILE GEOSYNTEC JOB NUHBER: 088-390 
CONTACT: HR. GARY WILLI BEY CLIENT PANEL NUHBER: 11 GEOSYNTEC SAHPLE NUHBER: 161 
TELEPHONE: 404-441-6212' DATE RECEIVED: 22 SEPTEHBER 1988 DATE TESTED: 28 SEPTEHBER 1988 
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GEOSYNTHETIC CONFORMANCE TESTING 
USAE NEW BEDFORD HARBOR PROJECT 
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STANDARD USED IN TESTING 

Wide Strip Tensile Strength - ASTM D4595, "Tensile Properties of Geotextiles.. by the Wide-Width Strip Method." 
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GEOSYNTHETIC CONFORMANCE TESTING 
USAE NEW BEDFORD HARBOR PROJECT 

CLIENT: NICOLON CORPORATION "ATERIAL TESTED: WOVEN GEOTEXTILE GEOSYNTEC JOB NUMBER: G88-390 

CONTACT: "R. GARY WILLIBSY CLIENT PANEL NUMBER: GEOSYNTEC SAMPLE NUMBIR: 172 

TELEPHONE: 404-441-6212 DATE RECEIVED: 14 NOVEMBER 1988 DATE TESTED: 17 NOVIMBIR 1988 
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December 8, 1988 

Gary Willibey 
Engineering Manager 
Construction Products Division 
Nicolon Corporation 
3500 Parkway Lane, Suite 500 
Norcross, GA 30092 

Dear Gary, 

Tensile tests in the warp direction were conducted on six geotextile 
specimens provided by NICOLON Corp. The tested geotextile is of the same type 
used by the Corps of Engineers/New England District in the New Bedford, MA 
Project. The tests were performed on 11/30/88 essentially following ASTM D 4595
86 recommended procedure with these modifications: (1) Roller grips were used; 
(2) Strain was measured using .strain gage; (3) Rate of grip movement was 0.4 
inch/min; and (4) Specimen's aspect ratio of about one was used. 

The following table is a summary of test results: 

Specimen Width Length Aspect Tensile Force at Ultimate Tensile 
# l.i!hl r in.] Ratio 5% Strain rIb/in] Strength (lb/in] 

Nl 7.75 8.5 0.9 1936 4800 

N2 7.75 7.0 1.1 1900 4957 

N3 7.75 7.0 1.1 1997 4929 

N4 7.75 7.5 1.0 1780 4881 

N5 7.25 7.0 1.0 2004 4767 

N6 7.25 7.0 1.0 2235 4821 

The average ultimate tensile strength was 4860 lb/in. 


The average tensile force at 5% strain was 1975 lb/in. 


All specimens failed at strains greater than 10%. 


\ \. 
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The attached six figures show the full load-elongation curve measured in 


each test. The seventh attached figure superimposes all six measured curves.. 


If more information is needed, please let me know. -

DL/rk 
Enclosures 

Sincerely, 

d)&u--~ 
Dov Leshchinsky, Ph.D. ~ 
Associate Professor 
Dept. of Civil Engineering 
University of Delaware 
Newark, DE 19716 
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TYPE or TESTIN6: Chelic.l COlp.tibility 
ftATERIAL TESTED: Voven Polyester 6eotextile 

-

SUMARY RESULTS -............................................................................................................................. ... .. .... . 


"ECHANICAl PROPERTIES 

IIARP DIRECTION IftftERSION PERIOD 


30 day 	 120 day 
:................................:................................:.................................: 


PROPERTY UNfT Value 	 • Control ZChange: Value Control ZChange: Value Control %Change : 
• Suple • • Sliple • • Salple • 
• Value 	 • Value • Value .:· .. 	 . . .
••••••••• ••••• •• ••••••••••••••••••••••••••••••••••••••• •••••••••• • ••••• ••••••••••••••••••• •••••••••••• It •••••••••••••••••••••••••••••••••• 

:SECANT nODULUS AT 51 lb/in. :31657.667 .37824.667 • -16.304 :36871.000 .37824.667 • -2.521 :33975.000 .37824.667 • -10.17: : 
STRA[H AT 23 DES C -= 

:ULTIHATE TENSILE TENSION: lb/in. 3762.667 • 4652.000 • -19.117 : 3955.667 • 4652.000 • -14.968 : 3948.667 • 4652.000 • -15.11a 
AT 23 DEG C 

'-.':STRAIN AT rAILURE % 10.450 • 14.833 • -29.551 9.483 • 14.933 • -36.067 : 10.167 • 14.833 • -31.461 
· AT 23 DEG C· 
• •• • • 	 I.......................................................................................................................................: 

:NOTES: Control Sa.ple =Sa.ple tested prior to illersion. 	 , 
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I "ECHA.ICAL PROPERTIES 
:. WARP DIREClIOM 1""ER5 I011 PERIOI 
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: Spec. • Spec. 2 • Spec. 3 • Spec. 4 • Spec. 5 "fin .Deyillillll: Spt<. 1 • Spt<. 2 • Spec. 1 • Spec. 4 • Spec. S .hviiHOI III.. 
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I 
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I I 
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:IIOTES: Control 51.,1. : Suplt Int.. ,rior 10 illusion. 
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If(CItAlIICAI. PROPERTIES 

WARP DIRECTION I""ERSION PERIOD 

PROPERTY UNIT &0 DAY SA"PlE 120 DAY SAftfLE I 

• Shndud I • Sh!!d.,. ! 
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I 
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: STRAtll AT 23 DEG C 

: 
:UI. TI"ATE IENSIlE TENSION: Ib/in. : Hl3.000 • 420UOO • 3525.000 . • 3955.667. 306.104: 3927.000 • 3929.000 • 3991.000 • • 3948.667. 1'.937: 
: AT 23 DES C 

I 

:srRAIN AT rAILURE 10.000 • 9.350. 9.100. 9.483. O. m: MOO • 9. 'JOO. 10.700. 10.167 • 0.377 I 

: AT 23 DE6 C 
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