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SECTION 1.0 

INTRODUCTION 

1.1 Purpose 

A Feasibility Study (Draft Final, Hot Spot Feasibility Study, New Bedford 
Harbor, July 1989) and a Record of Decision (April 6, 1990) have been 
prepared for the Hot Spots Operable Unit for the New Bedford Harbor 
Superfund Site remediation. These documents recommend that 10,000 
cubic yards (cy) of sediments that are highly contaminated with 
poly chlorinated biphenyls (PCBs) (greater that 4,000 ppm) be remediated 
as follows: 

•	 Dredging the contaminated sediment material from the estuary 
and pumping this material to on-shore facilities. 

•	 Allowing sediment material to settle in the confined disposal 
facility (CDF) located on-shore. 

•	 Dewatering the settled sediment material prior to PCB 
destruction by incineration. 

•	 Disposing of the incinerator ash material on-site in the CDF 
(solidification/stabilization of the ash material may be required). 

•	 Treating wastewater generated by dredging and dewatering 
using the following treatment steps: 

coagulation and flocculation 

settling 

filtration 

Th« 
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carbon adsorption or ul t raviolet /hydrogen peroxide 
treatment. 

ERM-New England, inc. (ERM) was contracted by the United States Army 
Corps of Engineers (USAGE) on October 31, 1990 to prepare design 
documents for the USAGE to advertise, solicit bids and award a contract to 
implement the proposed remedy for this operable unit. This document 
represents the Final Design Analysis Report summarizing the regulatory, 
functional, and engineering criteria (including calculations) that provide 
the design basis of the proposed remedy. 

1.2 Overview 

This Final Design Analysis Report is divided into the following sections: 

•	 Section 1 - Introduction - Presents the purpose and an overview 
of this document. 

•	 Section 2 - Background - Presents a brief summary of the site 
history and the results of previous investigations and studies, 
and EPA's Record of Decision. 

•	 Section 3 - Site Layout and Available U t i l i t i e s - Presents 
information on the on-shore remediation areas, the physical 
layout of the Pilot Study Cove Area and identifies existing 
utilities available at the site. 

Section 4 - Treatabilitv Studies - Briefly summarizes previous 
wastewater treatability studies, summarizes the treatability 
studies performed under this contract, and summarizes the 
overall results of these studies. 

•	 Section 5 - ARARs Analysis - Summarizes the review and 
evaluation of the applicable and relevant and appropriate 
requirements (ARARs) that pertain to this remedial action. 

Th« 
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•	 Section 6 - Process Description - Provides an overview of the 
proposed remediation system including dredging, wastewater 
treatment, sediment dewatering, incineration and ash handling. 
Also summarizes the design criteria and basis of the remediation 
system. 

•	 Section 7 - Procedural Components of Design Analysis - Provides 
an overview of the other aspects of the design specifications 
pertaining to health and safety, air monitoring and site 
maintenance. Design documents are provided separately as 
appendices. 

Appendices are included which provide additional information to support 
the text. The appendices also include data that support the design basis. 
There are seven appendices, as follows: 

•	 Appendix A - ERM Treatability Study Background Information 

•	 Appendix B - Peroxidation Systems, Inc. UV/Oxidation Design 
Study 

•	 Appendix C - Test Plan for Evaluating the Incinerability of the 
New Bedford Harbor/Hot Spot Operable Unit Sediment 

•	 Appendix D - Test Burn Report 

•	 Appendix E - Calculations Supporting Wastewater Effluent Limits 

•	 Appendix F - Design Calculations 

•	 Appendix G - Documentations Supporting Air Emission 
Determinations. 

Th« 
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Separate documents that are included as part of this submittal include: 

• Design Drawings 
• Specification Package 
• Cost Estimate Backup Data 

The 
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SECTION 2.0 

BACKGROUND 

2.1 Site History 

New Bedford, Massachusetts, is a port city located at the head of Buzzards 
Bay, approximately 55 miles south of Boston. Historically, New Bedford is 
nationally known for its role in the development of the whaling industry in 
the early 1800s. Today, the harbor is home port to one of the largest 
commercial fishing fleets in the United States. 

In 1976, the United States Environmental Protection Agency (EPA) 
conducted a New England-wide survey for PCBs (EPA, 1976). During that 
survey, high levels of PCB contamination were found in various locations 
throughout New Bedford Harbor. Field studies conducted in the late 1970s 
and early 1980s showed PCB concentrations in marine sediment over a 
985-acre area to range from a few parts per million (ppm) to over 100,000 
ppm. In addition to PCBs, heavy metals (notably cadmium, chromium, 
copper and lead) were found in the sediment at concentrations ranging 
from a few ppm to over 5,000 ppm. New Bedford, the Acushnet River and 
areas in the river where PCB Hot Spots have been identified (PCB 
concentrations greater than 4,000 ppm) are shown in Figure 2-1. 

In July 1982, New Bedford Harbor was added to the Superfund National 
Priorities List (NPL), where it is currently listed in Group 2 as Site Number 
76. Following the NPL listing, in late 1982 EPA Region 1 initiated a 
comprehensive assessment of the PCB problem in the New Bedford area. 
Results of this assessment were presented in a Remedial Action Master 
Plan (RAMP) for the site in May 1983 (Weston 1983). Concurrent with the 
RAMP, EPA complied a data base of sampling and analytical results of 
previous studies in New Bedford Harbor. The final report summarizing 
this data was issued by EPA in August 1983 (Metcalf & Eddy, 1983). 

Th« 
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'»" 2.2 Previous Studies 

2.2.7 NUS Feasibility Study 

In 1983, NUS Corporation (NUS) prepared a work plan which included 
plans for a feasibility study (FS) of remedial action alternatives for the 
highly contaminated mudflats and sediments of the Upper Acushnet River 
Estuary portion of the New Bedford Harbor located north of the Coggeshall 
Street Bridge. This part of the Harbor is referred to as the "Hot Spots" Area 
and is shown in Figure 2-2. In October 1983, NUS received authorization 
to proceed with the FS of the Upper Estuary. 

^

EPA received numerous comments in August 1984 on the options 
identified in the NUS FS. Many of the comments concerned the adequacy 
of available dredging techniques and potential impacts of dredging on the 
Harbor due to resuspension of contaminated sediment. Potential release of 
contaminated water (leachate) from an unlined disposal site was identified 

 as another item of concern. 

To respond to these comments, EPA determined it was necessary to 
conduct additional studies before selecting the remedy for the Upper 
Estuary. The focus of these additional studies was the feasibility of 
dredging and disposal of contaminated sediment. At the request of EPA, 
the USAGE conducted bench and laboratory-scale studies, which are 
summarized in the report "Engineering Feasibility Study (EPS) of Dredging 
and Dredge Material Disposal Alternative of the Acushnet River Estuary" 
(Francingues and Acrett, 1988). The EPS was subsequently expanded to 
include a Pilot Study of Dredging and Disposal Activities, which was 
conducted in New Bedford Harbor during the late fall and winter of 1988
1989. 

2.2.2 E.C. Jordan Co. Feasibility Study 

^
An overall FS for New Bedford Harbor was prepared by E.C. Jordan Co. and 

 Ebasco under contract to EPA (EPA Contract No. 68-01-7250; Work 
Th« 
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Assignment No. 04-1L43). To speed up the initiation of remedial activities, 
EPA divided the New Bedford Harbor Site into two operable units: the Hot 
Spots Area in the Upper Estuary; and the Acushnet River Estuary including 
the Lower Harbor and the Upper Buzzards Bay. 

The Hot Spots represent approximately 5 acres located along the western 
bank of the Acushnet River. Sediment materials in this area have PCB 
concentrations ranging from 4,000 to over 100,000 ppm. Sediment metal 
concentrations (cadium, chromium, copper and lead) range from below 
detection limits to approximately 4,000 ppm. 

2.2.3 Record of Decision 

Based on the results from the FS, EPA issued a Record of Decision (ROD) on 
April 6, 1990 for the remediation of the second operable unit — the Hot 
Spots. The ROD requires the following: 

•	 Dred gin g - Approximately 10,000 cubic yards of PCB-
contaminated sediments will be removed using a cutterhead 
dredge. Dredging will occur in the Hot Spots Area at depths of 
up to four feet to remove sediments with PCB concentrations of 
4,000 ppm or greater. (Various control options will be 
incorporated into the design to minimize and control sediment 
resuspension, including silt curtains, water quality monitoring, 
and various dredging operational procedures.) 

•	 Transportation and Dewatering - The dredged sediments will be 
transported to the Pilot Study Cove Area by a hydraulic pipeline, 
where the sediments will be dewatered. The wastewater 
produced during the dewatering process will be treated to 
reduce PCBs and heavy metals to meet standards set under the 
Clean Water Act and State regulations prior to being discharged 
back into the Harbor. 
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•	 Incineration - The dewatered sediments will be incinerated in a 
transportable incinerator that will be sited at the Pilot Study 
Cove Area. The incinerator will be designed and operated to 
achieve a 99.9999% destruction of PCBs. Exhaust gases will be 
passed through air pollution control devices before being 
released into the atmosphere to ensure that appropriate health 
and safety and air quality requirements are met. 

•	 Stabilization - Following incineration, the Toxicity Characteristic 
Leaching Procedure (TCLP), a leaching test, will be performed on 
the ash to determine if it exhibits the characteristics of toxicity 
and is, therefore, considered a hazardous waste under the 
Resource Conservation and Recovery Act (RCRA). If the TCLP 
test reveals that the ash is a RCRA hazardous waste, the ash will 
be solidified such that metals no longer leach from the ash at 
concentrations that exceed the RCRA TCLP standards. (Ash 
generated during the test burn has been tested and indicates 
that stabilization/solidification should not be required for 
bottom ash material. However, fly ash material may still need to 
be stabilized/solidified. The design documents include ash 
testing to ensure all material is suitable for disposal on-site.) 

In addition, the ROD states that the Hot Spots remedial action is an interim 
action, and only part of the overall site remedy. As mentioned above, the 
Hot Spots remediation is the second of two operable units for the cleanup 
of New Bedford Harbor. However, due to its limited scope, the Hot Spots 
operable unit will be addressed first. 
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SECTION 3.0 

SITE LAYOUT AND AVAILABLE UTILITIES 

3.1 Hot Spot Location 

The Hot Spots Area of the New Bedford Harbor is located on the western 
bank of the upper Acushnet River Estuary, directly adjacent to the 
Aerovox facility (refer to Figure 3-1). The water bottom slopes gently 
from the shoreline toward the center of the river channel in this area. Low 
tides expose some of the Hot Spots Area as mudflats. Low water elevations 
range from -1.6 to -2.2 feet mean sea level (MSL). Sediment in the Hot 
Spots Area are 75 to 80 percent silts and marine clays, with 20 to 25 
percent of the grains not passing through the 200-mesh sieve (i.e., sands). 

In order to remove sediment materials down to the PCB concentration 
action level of 4,000 ppm, a total of 10,000 cy (in-situ) of sediments must 
be dredged. The Hot Spots action level of 4,000 ppm was chosen to 
achieve the lowest sediment remediation volume that would remove the 
greatest amount of PCBs from the Harbor. 

3.2 Treatment Area 

The Pilot Study Cove Area consists of approximately 29 acres located in the 
Upper Estuary on the western shore immediately north of the Coggeshall 
Street Bridge. The Pilot Study Cove Area is approximately 1.5 miles 
downstream from the Hot Spots Area. The site was originally the location 
of a textile mill which was reportedly destroyed in the 1930s. For the pilot 
studies performed in the Fall of 1988, a berm was installed to expand the 
site. A confined disposal facility (CDF) was constructed within this berm to 
provide a location to store wastes generated during the pilot studies. 

Under the site preparation contract to be initiated during the Fall of 1991 
(work may carry over until the Spring/Summer of 1992 and overlap with 
the remediation contract), the approximately 2,200 cubic yards of PCB-
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contaminated dredged sediment, the approximately 3,900 cubic yards of 
clean dredged sediment used as fill, and the foundations and other 
miscellaneous debris in the CDF will be removed and placed against the 
existing eastern berm of the CDF. The CDF will then be lined with a flexible 
membrane and covered with fill material. The cover material over the 
liner will consist of some of the clean dredge sediments previously placed 
in the CDF. In addition, the dividing walls of the CDF will be upgraded for 
use during the remediation, as well as performance of other site 
improvements (grading, fencing, etc.). The upgraded CDF will then be 
suitable for holding the highly PCB-contaminated sediment from the Hot 
Spots dredging. The upgraded CDF will have sufficient capacity to hold the 
10,000 cy (which is expected to expand to 14,000 cy after dredging) of 
sediment material to be dredged from the Hot Spots Area. There is also 
sufficient area adjacent to the CDF (the site of the existing soccer field) for 
the dewatering equipment, incinerator, ash storage and wastewater 
treatment systems. 

The Pilot Study Cove Area is bordered on the north by an inlet of the 
Acushnet River, on the east by the Acushnet River, on the south and west 
by light industrial/commercial facilities. The Pilot Study Cove Area 
property is currently owned by the City of New Bedford. Access to the site 
is from Sawyer Street, off of Mitchell Street. 

3.3 Utilities 

Utilities available at the site include sewerage, potable water, electrical, 
telephone, natural gas and transportation. Each is discussed in detail 
below. 

3.3.1 Sewerage 

A six-inch sewer line was run to the Pilot Study Cove Area during the 
previous pilot studies. This line enters the site from the south and is 
connected to an 8-inch sewer line that runs under Sawyer Street. This 8
inch sewer line then connects to an interceptor sewer which passes under 
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^* Belleville Avenue toward the New Bedford Municipal Wastewater 
Treatment Plant. This interceptor line currently flows under surcharge 
conditions and would not be capable of handling a substantial increase in 
wastewater flow due to the Hot Spots remediation. The New Bedford 
Wastewater Treatment Plant would also be unable to accept treated 
process wastewater flow, but would be able to accept sanitary wastewater 
flows. 

The New Bedford Department of Public Works has confirmed there is a 
sewer extension ban in the Pilot Cove Area. Therefore, only sanitary 
wastewaters (personal hygiene and non-hazardous showering) will be 
considered for discharge to the sanitary collection system. The City of New 
Bedford is presently petitioning the USEPA for an exemption to the sewer 
extension ban for this wastewater flow. Estimates of sanitary wastewater 
discharges to the New Bedford collection system range from approximately 
1,000 gpd to 2,500 gpd, depending on the level of operations. 

w 3.3.2 Potable Water 

^

An 8-inch potable water line is located under Sawyer Street with two fire 
hydrants near the Pilot Study Cove Area. The New Bedford Water 
Department indicates that this line has limited capacity and would only be 
capable of addressing limited demand. A hydrant flow test performed at 
the intersection of Sawyer Street and Mitchell Street in 1970 indicated that 
the line had a substantially yield of over 800 gpm at 70 psi residual 
pressure. However, the capacity of this line is substantially reduced due to 
tuberculation and additional input from the City will be required to ensure 
a sufficient water supply. Prior to making a connection to the system, the 
Remediation Contractor will need to verify that the City of New Bedford 
distribution system is capable of meeting system requirements. (The 
primary demand of site potable water is the off-gas treatment system for 
the incinerator. Potable water demand varies greatly depending upon 
choice of mobile incinerator.) In addition, for flows of greater than 75,000 
gpd, the local regulations require on-site storage of two days volume. A 

 waiver from the on-site storage requirement can be obtained by 
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petitioning the New Bedford Water Board for review at their monthly 
meeting. 

The average potable water use at the site is estimated at 50 gpm. This 
accounts for scrubber water requirements of the incinerator, miscellaneous 
process water and sanitary waters. Therefore, on-site storage facilities are 
not expected to be required for the site. 

3.3.3 Electrical 

A transformer is located on a pole at the corner of Belleville Avenue and 
Sawyer Street. The USACE-NED (New England Division) indicated that 480 
volt, 30 amps was drawn from this transformer during the pilot study, 
which represents the available capacity of this unit. 

The utility providing service (Commonwealth Electric Company) indicates 
that a large temporary transformer will be required for the electrical 
service required for the site. (Allowing for various configurations of 
equipment, the required service will either be 5 kV or 13.2 kV.) The 
Remediation Contractor will be responsible for coordinating the installation 
and hookups to this transformer for all site electrical equipment. The 
electrical utility will be made aware of the sites electrical requirements as 
they are finalized by the Remediation Contractor, as it may take up to six 
(6) months to order the proper transformer and arrange for connecting 
service for the site. However, based on the current estimates of electrical 
demands and equipment available, the utility should be able to provide 
service in a shorter timeframe. 

3.3.4 Telephone 

During the pilot study only two telephone lines were available from the 
existing telephone circuits. The telephone company has assured ERM that 
sufficient service (greater than 10 lines) is available for any service that 
may be required for the site. The Remediation Contractor will be 
responsible for coordinating telephone hookups. 
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3.3.5 Natural Gas 

A natural gas service is available at the site capable of meeting the 
estimated peak 12,000 CFH service required for the incinerator. The local 
regulations and restrictions concerning natural gas connections and service 
will be observed. Lead times required to install the gas service will 
require the selected Remediation Contractor to coordinate with the utility 
soon after contract award to ensure that the service is installed in a timely 
fashion. Natural gas usage will depend on the incineration equipment 
selected. 

3.3.6 Transportation 

Conversations with the Massachusetts Department of Transportation and 
the New Bedford Department of Transportation indicates that traffic 
configurations and existing roads are capable of handling the anticipated 
additional traffic, including truck flow. 

The Pilot Study Cove Area is located in the flight path of the New Bedford 
Municipal Airport. However, it is sufficiently removed from the airport 
that any height restriction should not impact placement or design of the 
incinerator with the exception that if the stack is greater than 200 feet, 
lighting must be provided on the stack. 
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SECTION 4.0 

TREATABILITY STUDIES 

4.1 Introduction 

This section presents a summary of previous sediment handling 
alternatives, the previous treatability studies conducted on the wastewater 
treatment process, further wastewater treatability study work completed 
by ERM, and the test burn conducted by Risk Reduction Engineering 
Laboratory (RREL) on the sediment material. 

4.2 Summary of Previous Studies 

The USAGE conducted extensive studies on upper estuary sediments to 
support the remedy. The objectives of these studies, referred to as the 
USAGE "Engineering Feasibility Study" (EPS), were to: 

•	 Develop baseline characterization of the Upper Estuary with the 
degree of detail needed to evaluate the engineering feasibility of 
the proposed dredging and disposal alternatives. 

•	 Assess the magnitude and migration potential of contaminant 
releases due to resuspension of sediments during proposed 
dredging. 

•	 Perform laboratory and bench-scale testing developed 
specifically for dredged material to gather technical data needed 
for predicting the behavior of the dredged sediments if placed in 
the disposal environments under consideration. 

•	 Combine the technically feasible dredging and disposal 
technologies into implementation alternatives and provide 
concept design cost estimates for each alternative. 
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The results of the EPS were presented in a series of twelve reports 
prepared by the USAGE'S Waterways Experiment Station (WES) and New 
England Division (NED). The pertinent results from those reports are 
discussed below. 

4.2.1 Settleability Tests 

Previous laboratory investigations conducted as part of the USAGE 
"Engineering Feasibility Study" for this project included modified water 
column tests for Hot Spots sediments. These tests indicated that removal 
of suspended solids in the wastewater stream will substantially reduce 
metal and PCB contamination in the water column. However, the dissolved 
PCB concentrations in the water column indicated that further treatment 
will be required to remove PCB concentrations to acceptable levels prior to 
discharging it back into the Harbor. 

4.2.2 FlocculationlFiltration Tests 

Additional tests by the WES were performed to evaluate the performance 
of flocculation and filtration of elutriate samples and resulting PCB removal 
rates. Previous studies evaluated the treatability of elutriate from 
dewatered sediments in non-Hot Spot areas using various synthetic 
polymers. These studies indicated that Magnifloc 1596C was a promising 
polymer. However, these studies did not evaluate use of inorganic 
coagulants (e.g., lime, alum, etc.) and did not consider elutriate from the 
Hot Spots material. 

Whole effluent toxicity was also monitored during these tests. The toxicity 
testing results indicate that residual Magnifloc 1596C polymer in the waste 
stream, after dosing the elutriate at a concentration of approximately 10 
ppm, was toxic to Champia Parvula (Algal Reproduction Test) above 6% 
effluent and Arbacia Punculata (Sea Urchin Sperm Cell Test) above 5% 
effluent. 
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4.2.3 Carbon Adsorption/UV Oxidation 

A pilot-scale activated carbon system and an ultraviolet (UV)/oxidation 
(hydrogen peroxide) system were also evaluated. Activated carbon 
adsorption isotherms generated (by WES) for PCBs during the pilot scale 
studies demonstrated the effectiveness of activated carbon for removal of 
soluble PCBs. The pilot scale UV/oxidation system also indicated effective 
destruction of soluble PCBs. However, overall PCB removal efficiencies for 
both of these systems were poor. The performance of both the pilot study 
activated carbon and the UV/oxidation systems were hindered by the 
elevated suspended solids concentrations of the wastewater. The elevated 
suspended solids (with associated adsorbed PCBs) allowed dissolved PCBs 
to pass untreated with the paniculate matter. 

4.2.4 Outstanding Issues 

Based on the results of the previous studies, the following questions were 
raised pertaining to the proposed treatment system: 

•	 Would an inorganic chemical be more efficient at removing 
suspended solids? 

•	 What would be the settling characteristics of this material? 

Could the suspended solids concentrations of the wastewater be 
better controlled? 

•	 Would the performance of the carbon adsorption and UV/oxidation 
systems be improved with better suspended solids control? 

•	 Which polishing system (carbon adsorption or UV/oxidation) would 
be more effective at achieving effluent goals? 
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""" 4.3 ERM Treatability Study 

Additional treatability studies were performed by ERM to develop the 
design basis for the wastewater treatment system. These studies included 
evaluating sediment settling, flocculation, filtration, carbon adsorption and 
UV/oxidation systems. Detailed discussions of the additional studies are 
presented in Appendix A, with the results of the ERM studies summarized 
below. 

4.3.1 Primary Settling - Cell No. 1 

Based on the treatability studies, the following items must be considered in 
the design: 

•	 Floating oil and debris will form at the surface of the 
wastewater. During the treatability study a sheen of oil and 
other debris (leaves, etc.) were present. The results of analysis 

^	 performed during parallel studies by the USACE-NED/WES 
indicate this oily sheen has elevated concentrations of PCBs. 

•	 The dredged sediment material settled within six hours to a 
minimum elutriate suspended solids concentration of 
approximately 250 mg/1. 

•	 The solids that settled in the CDF will separate with a clean 
interface. Therefore, solids carryover from the settled sediments 
should not represent a significant problem, provided the 
overflow weir is designed to minimize entrance velocities. 

4.3.2 Equalization	 - Cell No. 2 

The wastewater entering the equalization tank (Cell No. 2) will, based on 
the treatability studies, have the following characteristics: 
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•	 The suspended solids concentration should range between 250 to 
600 mg/1. 

4.3.3 Chemical Addition/Flocculation 

The treatability studies indicated that the following chemical and 
flocculation treatment is recommended: 

•	 Alum will be dosed at 25 ppm (as aluminum sulfate) to 
coagulate suspended solids and remove dissolved metals. 

•	 Magnifloc 1596C, dosed at between 10 and 100 ppm, enhances 
flocculation of the coagulated material. This polymer may be 
added after rapid mixing of the inorganic coagulant (alum), but 
prior to the flocculation tank, if it is deemed necessary to 
optimize operating parameters. 

•	 Flocculation of 15 minutes is required to maximize flocculation of 
smaller coagulated particles. 

•	 A portion of the flocculated material will form particles of 
sufficient size that they may settle in the flocculation tank under 
slow mixing conditions. The flocculation tank should be 
provided with an underdrain or other options for solids removal 
under these conditions. An alternative is to increase the slow 
mixing rate to keep the solid in suspension for removal in Cell 
No. 3 (secondary settling). Solids settled in the flocculation tank 
should be transferred to Cell No. 1 to be treated with the other 
solids. 
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4.3.4 Secondary Settling - Cell No. 3 

Results of the treatability study indicate the treatment system should be 
designed for: 

•	 The secondary settling cell should have a minimum 15 minutes 
detention time. 

•	 The secondary clarifier could achieve very low suspended solids 
concentrations (below 10 mg/1). 

4.3.5 Filtration 

To ensure the removal of suspended solids, as well as remove iron in the 
form of ferric hydroxide, the wastewater should pass through two sets of 
filters. The filters will be designed as follows: 

•	 A prefilter consisting of a continuous backwash sand filter to 
remove solids down to 10 microns (nominal size). 

•	 Polishing filters will follow the sand filter to remove paniculate 
matter to 2.5 microns (nominal size). The polishing filters will 
be cartridge filters with two units in parallel. The polishing 
filters remove suspended solids concentrations to below 5 mg/1. 
The spent polishing filter cartridges will be incinerated on-site 
with the other miscellaneous solid wastes after incineration of 
the bottom sediments. 

4.3.6 UV!Oxidation 

Treatability studies for the UV/oxidation system were performed by 
Peroxidation Systems Inc. Their summary report is included as 
Appendix B. Summary of their findings are presented below: 
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•	 Removal of iron prior to the UV/oxidation system will be 
required to ensure the iron does not precipitate and foul the UV 
quartz tubes. Hydrogen peroxide addition upstream of the 
filters should be incorporated into the design to oxidize the iron 
to ferric hydroxide for removal by filtration. 

•	 UV/oxidation can successfully remove PCB concentrations in the 
wastewater to very low concentrations (below detection limits) 
provided suspended solids removal is incorporated into the 
design. 

The treatability study by Peroxidation Systems Inc. (PSI) was conducted 
with a laboratory detection limit of 5.0 ppb. PSI used PCB data above the 
detection limit which was then extrapolated to determine detention times 
necessary to achieve the required PCB removal efficiencies for the full 
scale unit. This, in combination with their past experience at treating PCBs 
in wastewaters, was used to develop the expected performance of the 
system. 

4.3.7 Polymer Removal 

Additional studies were performed to assess the ability of the process 
units downstream of the flocculation chamber and settling basin to remove 
polymer from the waste stream. Removal of trace concentrations of the 
polymer will be required to limit the toxicity of the wastewater. (Polymer 
addition facilities are being incorporated into the design, however, polymer 
will only be added if necessary to reduce suspended solids concentrations 
due to poor settling performance of the alum sludge.) Previous studies 
indicate that the wastewater when dosed with Magnifloc 1596C at 
approximately 10 ppm would be considered toxic to marine biota when 
diluted less than 20 times. (Effluent dilution calculations indicate that 
approximately 50 times can be expected. However, Massachusetts does 
not recognize a dilution zone and would typically require acute toxicity of 
less than 1 unit at the outfall. Refer to Appendix E for additional 
information.) Polymer will be added (if required) in the flocculation 
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chamber to enhance settling of the alum flocculation. Therefore, a majority 
of the polymer will partition to the solids that are removed in the 
secondary settling basin (Cell No. 3). Additional polymer will be removed 
with the solids during the filtration process. Tests were performed to 
determine the effectiveness of the UV/oxidation unit at oxidizing the 
polymer. These tests indicate that the polymer is removed at a rate of: 

[Ln (Ci/C0)]/T=0.36 

where: 

C0=Concentration of polymer out of the UV/oxidation unit (ppm) 
Ci=Concentration of polymer into to the UV/oxidation unit (ppm) 
T= UV unit detention time (min.) 

The UV unit required for removal of the anticipated PCB concentration has 
a detention time of 1.4 minutes. Based on the above relationship, the 
effluent concentration of Magnifloc 1596C is equal to 60% of the influent 
concentration. The removal efficiency in the UV/oxidation unit is 
substantially less for the polymer than for PCBs. Previous studies have 
indicated the PCB effluent concentration is approximately 0.3% of the 
influent concentrations under the same operating conditions. 

4.3.8 Summary 

A review of the wastewater treatability studies results indicates that the 
most effective removal of PCBs and metals from the wastewater would be 
obtained when treated by: 

Settling of dredge solids in the CDF (Cell No. 1). 

• Equalization of the wastewater from Cell No. 1 in Cell No. 2. 
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•	 Flocculation of suspended solids using alum dosed at 25 ppm (as 
aluminum sulfate) with Magnifloc 1596C added between 10 to 
100 ppm to enhance settling, if needed. 

•	 Secondary settling of the wastewater in Cell No. 3. 

•	 Hydrogen peroxide addition to oxidize iron to the ferric state. 

•	 Filtration using a sand filter (nominal size 10 micron removed). 

•	 Polishing filters (nominal size 2.5 micron removed). 

•	 UV/Hydrogen Peroxide. 

A summary of the results of the treatability study are presented in Table 
4-1. This table provides a summary of the concentration of the various 
constituents of concern at different steps throughout the treatment train 
based on the optimized treatability study results. 

Visual observations of the Hot Spots sediment drums and wastewater 
during the flocculation tests indicate that a skimmer type device will be 
required in the initial settling chamber (Cell No. 1) to remove floating 
debris and oily residue generated during the dredging of the sediment 
material. 

Settling tests indicate that a majority of the suspended solids in the dredge 
discharge settle during the first hour and the total suspended solids (TSS) 
of the wastewater concentration reaches a minimum of approximately 250 
ppm after six hours. The tests also indicate that alum, at a dosing rate of 
approximately 25 ppm (as aluminum sulfate), is the most appropriate 
flocculant at removing the suspended solids and soluble metals from the 
elutriate samples. A plot of the remaining TSS concentrations vs. the 
coagulants used is presented as Figure 4-1. Data presented in Figure 4-1 
indicates that the most effective flocculants are ferric chloride and alum. 
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TABLE 4-1 

SUMMARY OF TREAT ABILITY STUDY RESULTS
 

PCB Decant (ppb) 

PCB Shaken (ppb) 

Cadmium (ppb) 

Chromium (ppb) 

Copper (ppb) 

Lead (ppb) 

Nickel (ppb) 

Zinc (ppb) 

Aluminum (ppb) 

Iron (ppm) 

PAH (ppb) 

TSS (ppm) 

Alkalinity (ppm) 

TDS (ppm) 

Initial 
Concentration (1) 

26,000 
_ 

3,080 

7,340 

68,600 

38,100 

6,270 

17,600 
_ 

_ 

23 

64,840 

368 

-

Elutriate 
Concentration (2) 

810 

49,000-16,800 

17-9 

264-200 

754-661 

783-690 

730-150 

2,230-1,940 

10,600-10,100 

41.2-39.7 

6-3 

604-525 

232-224 

-

Settled 
Wastewater (3) 

320-222 

2,800 

5 

11-6 

17-3 

17-7.1 

23-18 

76-51 

1,070-846 
_ 

4 

49-5 

192-168 

25,651-25,507 

Filtered 
Wastewater (4) 

127.5-73 

127.5-73 

5 

6 

7-3 

4-2 

22-13 

74-45 

126 

12 

ND 

9 

176-102 

25,009-25,243 

Polished 
Wastewater (5) 

<0.6 

<0.6 

. 

. 

. 
_ 

_ 

.. 

_ 

2 
_ 

_ 

„ 

-

(1) Concentration in drums as material received from site (ie. one third sediment, two thirds water). 
(2) Concentration range in elutriate drum after mixing drums and 7 hours of settling. 
(3) Concentration range of wastewater that was dosed with 25 ppm flocculant (as aluminum sulfate). 
(4) Concentration range of filtered wastewater (2.5 micron filter). 
(5) Concentration of wastewater treated with UV/Oxidation system. 



FIGURE 4-1 
TSS CONCENTRATIONS 
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Iron containing compounds (ferric chloride) should be avoided as dissolved 
iron in the water will, when oxidized, precipitate on the quartz tubes of the 
UV/oxidation equipment. Precipitation of iron on the quartz tubes will 
reduce the effectiveness of these units and increase maintenance. 

Filtration test results indicate that the 2.5 micron filter is effective at 
further removing PCBs and suspended solids from the waste water, but that 
a prefilter will be required upstream of the polishing filter. During the 
removal of solids from the wastewater, the 2.5 micron filter clogged after 
passing approximately 1,300 mis. For this reason it is recommended that a 
sand filter be used prior to the polishing filter to reduce the loading on the 
polishing filters. The sand filter would also be capable of controlling 
suspended solid surges that might result from operational upsets in Cell 
No. 3. 

The carbon adsorption isotherm prepared from the treatability study data 
indicates that carbon adsorption is not efficient at removing PCBs to 
discharge levels from this wastewater. As indicated in Figure 4-2, the ERM 
generated isotherm has few points that overlap with the EPA generated 
isotherms (source EPA-600/8-80-023 Carbon Adsorption Isotherms for 
Toxic Organics), The ERM isotherm indicates that substantially greater 
amounts of activated carbon will be required to achieve PCB reductions in 
the wastewater as the PCB concentration decreases. At first, this would 
seem to contradict the isotherms generated by EPA and USACE-WES. 
However, it is important to understand the different conditions under 
which these isotherms were generated. The EPA and USACE-WES 
isotherms were generated using waters with only soluble PCBs. Therefore, 
the affinity of the PCBs to partition to the solid phase (i.e. activated carbon) 
was not hindered by PCBs adhering to paniculate matter in the water. The 
ERM generated isotherm was developed using wastewaters available from 
the treatability studies. These wastewaters contained some particulate 
matter even at the low suspended solids concentrations achieved by 
filtration. The PCBs that adhere to the particulate (colloidal) material in 
the treatability wastewater resulted in shifting of the partitioning 
coefficient. Therefore, greater amounts of activated carbon would be 
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required for the Hot Spots wastewaters to achieve the effluent limits. This 
conclusion is supported by analyzing duplicate PCB samples from the 
carbon isotherm tests and having one set of samples shaken and decanted 
prior to analysis. The other set of samples were not shaken prior to 
analysis. The difference in PCB concentrations between the duplicate 
samples indicate that a small portion of the PCBs are settling with the fine 
solids, while the samples are stored in the laboratory awaiting analysis. 

The UV/oxidation system evaluation indicates this system will be effective 
at reducing PCB concentrations to below detection limits provided the 
suspended solids concentrations are controlled. The initial sample 
forwarded to Peroxidation Systems contained PCB concentrations of 81.9 
ppb. At their testing facility, it was observed that additional precipitation 
had occurred while the samples were in transit. Further, it was 
determined that iron might be present due to a slight rust color of the 
samples. Hydrogen peroxide was added to oxidize the iron and the sample 
was filtered through a 5.0 micron filter to remove any precipitate. After 
this procedure, iron concentration was reduced to an acceptable level of 
approximately 2 ppm and the PCB concentrations were reduced to 
approximately 57 ppb. The wastewater sample was then treated using the 
UV/oxidation unit and the concentration of PCBs were reduced to below 
detection limits (5 ppb) in under three minutes. As discussed previously, 
Peroxidation Systems used this data and their previous PCB experience to 
determine that the PCBs in the wastewater (both soluble and paniculate) 
can be treated to the required effluent limits using UV/hydrogen peroxide 
treatment . 

4.4 Test Burn 

An incinerator test burn of Hot Spots PCB-contaminated sediment was 
performed to determine the following: 

•	 Confirm the destruction of organic contaminants in the 
sediments to the required 99.9999 percent destruction and 
removal efficiency (DRE) for PCBs. 

TM 
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•	 Determine the distribution of cadmium (Cd), chromium (Cr), lead 
(Pb) and copper (Cu) in the sediments, blowdown, and flue gas 
during incineration. 

•	 Determine the effects of excess air and temperature on organic 
destruction and metal distribution including their leachability 
from the incinerator ash. 

•	 Measure the effectiveness of the air pollution control system for 
collecting particulates and trace metals. 

•	 Determine if the incinerator ash passes the TCLP test without the 
need for solidification/stabilization. 

A test burn plan (Test Plan for Evaluating the Incinerability of the New 
Bedford Harbor/Hot Spot Operable Unit Sediment, February 1991, Revision 
3) was prepared by Acurex Corporation for EPA's Risk Reduction 
Engineering Laboratory (RREL) (refer to Appendix C) which proposed a 
series of test burns of the Hot Spots sediments to ensure that the PCB-
contaminated material could achieve the appropriate levels of treatment. 

Sediment samples were collected during the period from December 17 to 
20, 1990 by Normandean Associates as subcontractor for US ACE-NED. 
Sediment was packed into eight 30-gallon drums for shipment to the 
Acurex Corporation incinerator in Jefferson, Arkansas. The test burn was 
performed during the period from March 13 through 21, 1991. Based on 
the test burn plan, incineration of the sediment material was analyzed at 
three test conditions. 

Test Kiln Exit After Burner Exit Kiln Exit 
Condition Temperature (°F) Temperature (°F) 0^ Level (%) 

1 1,500 2,200	 6 
2 1,800 2,200	 6 
3 1,800 2,200	 10 
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Samples were collected to determine the effectiveness of incineration at 
various operating conditions. Duplicate samples of the ash material were 
collected and forwarded to the Corps of Engineers, Missouri River Divisions 
(CEMRD) Laboratory to be TCLP tested for the eight RCRA metals. The 
results of the three analyses of the ash samples from the above test 
conditions indicated the ash material is not a hazardous waste. Therefore, 
the ash material can be disposed on-site in the CDF without 
stabilization/solidification. The results of the TCLP analysis indicates that 
the lead (Pb) concentration is extremely low (below 0.3 ppm) when 
compared with the levels measured in the Hot Spot estuary sediments 
(1,000 ppm). It is anticipated that the lead will be found in the fly ash 
material. It is likely that the fly ash material will therefore fail the TCLP 
analysis requiring the fly ash material to be stabilized prior to placement 
in the CDF. The test burn report prepared by the USEPA-RREL and the 
Acurex Corporation is included as Appendix D. In addition, TCLP analytical 
results performed by the USACE-Omaha on ash material generated during 
the test burn is also provided. 

The test burn report provides the following information about the waste 
characteristics and behavior: 

• ultimate chemical analysis, 
• heating values, 
• density, 
• ash sample for TCLP testing, 
• handleability of waste and ash material, and 
• nuances unique to the sediment. 

The test burn plan also provides general information correlating the 
operating parameters of the Acurex system with destruction efficiencies, 
collection efficiencies for the particular pollution control system used by 
Acurex during the test burn, auxiliary energy requirements of the PCB 
sediment material feed to the Acurex incinerator, and other "datum plane" 
type information. 
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However, it should be noted that the test burn results are not indicative of 
the specific operating parameters or efficiencies of the full scale 
incinerator used on the New Bedford Hot Spots sediments. Specifically, the 
trial burn plan will document that the full scale incinerator is capable of: 

•	 achieving the required 99.999% DRE for PCBs, 
•	 having sufficient detention time for sediments to achieve the DRE, 
•	 having sufficient off-gas controls to achieve air discharge limits, 

and 
•	 providing information on the required operating parameters of 

the full scale system to achieve these limits. 
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SECTION 5.0 

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

5.1 Background and Overview of ARARs 

In 1980, Congress passed the Comprehensive Environmental Response 
Compensation and Liability Act (CERCLA) or Superfund, as it is more 
commonly known, to address abandoned hazardous waste sites and past 
waste disposal problems like New Bedford Harbor. Although the 
Superfund law contains a number of procedures that are followed to study 
and clean up waste disposal sites, the law does not provide specific cleanup 
standards or directions on how cleanup work should be conducted. 
Instead, Superfund relies on other environmental laws, such as the 
Resource Conservation and Recovery Act and the Clean Water Act, to 
provide these standards. 

All Superfund cleanup work must attain the requirements set forth under 
other environmental laws (unless waived by EPA) that are either 
applicable or relevant and appropriate to the cleanup. These applicable or 
relevant and appropriate requirements are called ARARs for short. 

For the New Bedford Harbor Cleanup, EPA determined that the following 
federal and state environmental laws and

Federal ARARs 

Toxic Substances Control Act (TSCA) 
Resource Conservation and Recovery
Clean Air Act (CAA) 
Clean Water Act (CWA) 
Executive Order 11988 (Floodplain

 regulations are ARARs: 

 Act (RCRA) 

 Management) 
Executive Order 11990 (Protection of Wetlands)
 
Occupational Safety and Health Administration (OSHA)
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State ARARs 

301 CMR 20.00 Coastal Zone Management 
310 CMR 6.00 Ambient Air Quality Standards 
310 CMR 7.00 Air Pollution Control Regulations 
310 CMR 10.00 Wetlands Protection Requirements 
310 CMR 19.00 Solid Waste Management Requirements 
310 CMR 30.00 Hazardous Waste Management Requirements 
310 CMR 33.00 Employee and Community Right-To-Know 

Requirements 
314 CMR 3.00 Surface Water Discharge Permit Program 
314 CMR 4.00 Surface Water Quality Standards 
314 CMR 9.00 Certification for Dredging and Filling 
314 CMR 12.00 Wastewater Treatment 

For the Hot Spots remediation design, ERM reviewed each of the ARARs 
listed above to ensure that the requirements they contain are considered 
in the design and that the cleanup will be implemented to attain them. 
Outlined below in this section is a brief overview of each ARAR. This is 
followed by a detailed discussion of how the ARARs will be attained for 
each of the cleanup unit operations. 

5.1.1 Toxic Substances Control Act 

The Toxic Substances Control Act (TSCA) provides requirements for testing 
new chemical substances and controlling chemicals that pose imminent 
hazards, including recordkeeping and reporting requirements. These 
requirements include standards for using and disposing of PCBs. For the 
Hot Spots remediation, TSCA gives specific standards for the design and 
operation of the incinerator and other PCB handling and disposal 
operations. TSCA, along with the RCRA regulations, provides most of the 
ARARs the cleanup must be designed to attain. 
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5.7.2 Resource Conservation and Recovery Act 

The Resource Conservation and Recovery Act (RCRA) provides standards 
for the treatment, storage and disposal of hazardous wastes. For the Hot 
Spots remediation, RCRA provides standards for the design and operation 
of the incinerator and a number of other general facility standards for the 
operation of the treatment systems. Also, because Massachusetts is 
authorized to administer the RCRA program, the state regulations will be 
followed and provide the hazardous waste ARARs for the design. 

5.7.3 Clean Air Act 

The Clean Air Act (CAA) gives National Ambient Air Quality Standards 
(NAAQS), National Emission Standards for Hazardous Air Pollutants 
(NESHAPs) and New Source Performance Standards (NSPS). 

The NAAQS apply to major stationary emission sources that have the 
potential to emit 100 tons per year or more. Because the Hot Spots 
incinerator will not have these potential emissions, the NAAQS are not 
applicable. However, the ambient standard for lead is relevant and 
appropriate, and will be addressed. 

The materials regulated under the NESHAPs will not be emitted by the Hot 
Spots incinerator. Consequently, NESHAPs are not ARARs. 

There is a NSPS that limits particulate emissions to less than 0.08 grains 
per dry standard cubic foot for incinerators. However, this standard 
applies to incinerators burning at least 50% municipal-type waste and, 
consequently, is not an ARAR. Also, the RCRA standards for hazardous 
waste incinerators that are ARARs for the cleanup require the same 
particulate emission limitation of 0.08 grains per dry standard cubic foot. 
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5.1.4 Clean Water Act 

The Clean Water Act (CWA) gives guidelines and standards for wastewater 
discharges. For the Hot Spots remediation, the CWA gives a number of 
technology-based and water quality-based standards and criteria that 
must be attained by the treatment system handling the dredging 
supernatant, the supernatant from the dewatering and other wastewater 
streams. 

5.7.5 Floodplain Management 

The Floodplain's Presidential Executive Order (E.O. 11988) requires actions 
undertaken by federal agencies to reduce the risk of flood loss, to minimize 
the impact of floods and to restore and preserve the value of floodplains. 
For the Hot Spots remediation, this executive order requires that the 
dredging be conducted to minimize impacts to the floodplain. For other 
components of the remedy, this executive order does not provide any 
design-related standards that must be attained. 

5.7.6 Wetlands Protection 

The Wetland's Presidential Executive Order (E.O. 11980) requires that 
actions undertaken by federal agencies minimize the destruction, loss or 
degradation of wetlands and their value. 

For the Hot Spots remediation, this executive order requires that the 
dredging be conducted to minimize loss and damage to wetlands. For other 
components of the cleanup, like the design of the incinerator and 
wastewater treatment systems, it provides no design-related standards 
that must be attained. 

5.7.7 Occupational Safety and Health Administration 

The Occupational Safety and Health Administration (OSHA) provides 
regulations that are applicable to hazardous waste remedial work. For the 
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Hot Spots remediation, a health and safety plan, and other provisions to 
ensure compliance with OSHA standards, will be implemented. Health and 
safety issues are discussed more fully in Section 7.0. 

5.1.8 Massachusetts-Hazardous Waste Management Regulations 

The Massachusetts Department of Environmental Protection (DEP) is 
authorized to administer the RCRA hazardous waste management program 
in Massachusetts. Consequently, these regulations will be addressed in the 
design and operation of the Hot Spots remediation. 

5.7.9 Massachusetts-Solid Waste Management Regulations 

These regulations provide the standards for managing and disposing of 
primarily municipal-type solid waste. For the Hot Spots remediation, these 
regulations will be considered in the design of the CDF for storage of 
treated sediments. 

5.1.10 Massachusetts-Ambient Air Quality Standards 

These standards define safe ambient levels of air quality for sulfur oxides, 
particulates, carbon monoxide, ozone, nitrogen dioxide and lead. For the 
Hot Spots remediation, these standards do not provide requirements that 
must be considered in the design of the incinerator. Although these 
standards are ARARs, the incinerator will be designed and operated in 
accordance with more stringent standards required by the Massachusetts 
Air Pollution Control Regulations and TSCA requirements. 

5.1.11 Massachusetts-Air Pollution Control Regulations 

These regulations provide the permitting and performance standards that 
air emission sources must attain. These regulations also include specific 
standards for hazardous waste incinerators that are similar to the RCRA 40 
CFR 264 Subpart 0 requirements. For the Hot Spots remediation, the 
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incinerator and other operations will be designed and operated to attain 
these standards. 

5.1.12 Massachusetts-Wetlands Protection Requirements 

These regulations are promulgated under Wetlands Protection Laws and 
apply to dredging, filling, altering, or polluting inland wetlands. Work 
within 100 feet of a wetland is regulated under this requirement. The 
requirement also defines wetlands based on vegetation type and requires 
that effects on wetlands be mitigated. 

Dredging in the wetland is required to remove the PCB-contaminated 
sediments. However, dredging will be performed to minimize impacts to 
wetlands to the extent practicable (i.e., water monitoring, silt curtains, 
operational controls to avoid resuspension of sediments and placement of 
absorbant booms around the dredge to collect floating oil). These 
requirements provide no other design-related requirements for other 
components of the remedy. 

5.1.13 Massachusetts-Surface Water Quality Standards 

These state standards incorporate the federal Ambient Water Quality 
Criteria (AWQC) as standards for surface waters in Massachusetts. For the 
Hot Spots remediation, the standards will be used to establish water-
quality based design requirements for the wastewater treatment system. 

5.1.14 Massachusetts-Certification for Dredging and Filling 

These regulations are part of Massachusetts' coastal zone management 
program and provide standards for dredging, dredged material disposal 
and dredging operations in waters. For the Hot Spots remediation, these 
regulations will be addressed when designing dredging operations. 
However, they provide no other standards for the design and operation of 
other components of the cleanup like the incinerator or wastewater 
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treatment system except that water quality standards must be met, 
including anti-degredation provisions of those standards. 

5.1.15 Massachusetts-Wastewater Treatment 

These regulations provide standards to ensure the proper operation and 
maintenance of wastewater treatment systems. For the Hot Spots 
remediation, the wastewater treatment system will be operated and 
maintained in accordance with these regulations. 

5.1.16 Massachusetts-Coastal Zone Management 

These regulations are similar to the federal executive order for wetlands 
protection. Under these regulations, the destruction, loss, degradation and 
loss of value of wetlands must be minimized. These regulations, like the 
others for wetlands protection, provide no design-related standards that 
must be addressed for the incinerator or other components of the remedy. 

5.1.17 Massachusetts-Employee and Community Right-to-Know 

These regulations outline information requirements for hazardous 
substances including: 

•	 emergency preparedness; 

•	 providing information on hazardous chemicals to local officials; 
and 

•	 making toxic chemical use instruction available to the public. 

These regulations provide no standards that have to be incorporated into 
the design of the Hot Spots remediation. However, they will have to be 
addressed during implementation of the remediation by the Remediation 
Contractor. 
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5.2 Incineration ARARs 

5.2.7 Introduction 

This section summarizes the ARARs that provide design standards for the 
incinerator. 

There are four sets of environmental regulations that provide ARARs that 
must be considered and incorporated into the design of the Hot Spots 
incinerator. These regulations are: 

1. Federal TSCA Regulations for Incineration of PCBs 

2. Massachusetts Hazardous Waste Regulations 

3. Massachusetts Air Pollution Control Regulations 

4. Federal and State Ambient Air Quality Standards 

A discussion of each of these regulations is provided below and a summary 
of design-related requirements from these regulations is provided in Table 
5-1. 

5.2.2 TSCA Regulations For PCB Incineration 

The Toxic Substances Control Act (TSCA) regulates the use and disposal of 
PCBs. The regulations for incinerating PCBs are provided in 40 CFR 761.70. 
These regulations contain most of the requirements that have to be 
considered in the design of the Hot Spots incinerator. 

Section 761.70 contains four paragraphs. Paragraph (a) provides 
standards for incinerating liquid PCBs, Paragraph (b) provides standards 
for incinerating non-liquid PCBs, Paragraph (c) provides data and 
recordkeeping requirements, and finally, Paragraph (d) outlines the 
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TABLE 5-1
 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
 

FOR THE DESIGN OF THE NEW BEDFORD INCINERATOR
 

REQUIREMENT 

TSCA 

PCB Emission Limit 

Combustion Efficiency 

Measuring PCB Feed Rate 

Temperature Measurements 

Stack Monitoring 

Stack Monitoring 

PCB Feed Cut-offs 

PCB Feed Cut-offs 

HC1 Controls 

MA HAZARDOUS WASTE

MA AIR POLLUTION
 
CONTROL REGULATIONS
 

Paniculate Emission Limit 

REGULATION 

40 CFR 761.70

761.70(b)(l)

761.70(a)(2)

761.70(a)(3)

761.70(a)(4)

761.70(a)(6)

761.70(a)(7)

761.70(a)(8)(i)

761.70(a)(8)(ii)

761.70(a)(9)

 310 CMR 30.00 

310 CMR 7.00

7.08(l)(g)

SUMMARY 

 TSCA regulates the use and disposal of PCBs, including incineration. 

 Emissions must be less than O.OOlg/kg of PCBs fed to the incinerator (ORE of 99.9999%). 

 Combustion Efficiency must be greater than 99.9%. 

 The rate and quantity of PCBs must be measured and recorded at least every IS minutes. 

 Temperature must be continuously measured. 

 When the incinerator is first used or is modified, monitor for the following: O2, CO2, 
Nitrogen Oxides, HC1, Total Chlorinated Organic Content, PCBs and Total Paniculate Matter. 

 Whenever the incinerator is operating, monitor O2 and CO continuously and CO2 periodically. 

 The feed of PCBs to the incinerator must be stopped if the stack monitoring system 
required by 761.70(a)(7) fails. 

 The feed of PCBs to the incinerator must be stopped if the feed-rate monitoring system 
required by 761.70(a)(3) fails. 

 Water scrubbers must be used for HC1 control and the scrubber effluent must meet 
applicable effluent or pretreatment standards. 

The state hazardous waste regulations provide general facility standards that the 
incinerator must comply with. However, there are no design-related requirements. 

 The MA Air Pollution Control Regulations contain the RCRA performance requirements 
for incinerators. 

 No particles with a diameter greater than 100 microns may be emitted. 



TABLE 5-1 (cont.)
 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
 

FOR THE DESIGN OF THE NEW BEDFORD INCINERATOR
 

REQUIREMENT REGULATION SUMMARY 

Hazardous Waste Emission 7.08(4)(h) The incinerator must be designed to meet the following limitations: 
Limits 1. ORE of 99.99% for POHCs. 

2. HC1 must be less than 4 Ibs per hour or 1% of the HC1 prior to control. 
3. Particulate emissions must be less than 0.08 grains per dry standard cubic foot. 
4. PIC emissions must be limited to not result in "a condition of air pollution." 

Monitoring Requirements 7.08(4)(k) The incinerator must be designed to meet the following monitoring requirements: 
1. Carbon monoxide and oxygen in the stack exhaust. 
2. Waste feed and supplemental fuel rates. 
3. Combustion temperature. 
4. Combustion gas velocity. 

Operating Requirements to 7.08(4)(1) Fugitive emissions must be controlled by either: sealing the combustion 
Control Fugitive Emissions zone or maintaining low pressure. 

PAH Emission Limitation 7.08(4)(m) Polyhalogenated aromatic hydrocarbons (PAHs) must have a ORE of at least 99.9999%. 
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requirements for EPA's approval. This last paragraph also includes 
information on trial burns. 

For the design of the Hot Spots incinerator, because non-liquid PCB 
contaminated sediments will be burned, the standards in Paragraph 
761.70(b) must be followed. In accordance with 761.70(b), the following 
requirements apply to the design and operation of the incinerator: 

1.	 The mass air emissions from the incinerator shall be no greater 
than O.OOlg PCB/kg of the PCB introduced into the incinerator. 
(Destruction and Removal Efficiency or DRE of 99.9999 percent.) 

2.	 Combustion efficiency shall be at least 99.9 percent computed as 
follows: 

Combustion Efficiency = [Cco2/(Ccc>2+Cco)]100 
where: 
CCO2 = Concentration of carbon dioxide. 
Ceo = Concentration of carbon monoxide. 

3.	 The rate and quantity of PCBs which are fed to the combustion 
system shall be measured and recorded at regular intervals of 
no longer than 15 minutes. (The Remediation Contractor will 
meet this requirement by first measuring the concentration of 
PCBs in the sediment by sampling and analyzing 12 core samples 
from the CDF and then by continuously monitoring the mass flow 
rate of sediments into the incinerator. The mass flow rate times 
the average PCB concentration of the sediment will provide the 
mass flow rate of PCBs into the incinerator.) 

4.	 The temperatures of the incinerator shall be continuously 
measured and recorded. The combustion temperature of the 
incinerator shall be based on either direct (pyrometer) or 
indirect (wall thermocouple-pyrometer correlation) temperature 
readings. 
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5. Monitoring of stack emission products shall be conducted: 

(i) When an incinerator is first used to burn PCBs; 

(ii) When an incinerator is first used to burn PCBs after it
been modified in a manner which may affect
characteristics of the stack emission products; and 

 has 
 the 

(iii) At a minimum such monitoring
following parameters: 

 shall be conducted for the 

(a) Oxygen (O2); (b) Carbon Monoxide (CO); (c) Carbon Dioxide 
(CO2); (d) Oxides of Nitrogen (NOX); (e) Hydrochloric Acid (HC1); (f) 
Total Chlorinated Organic Content (RC1); (g) PCBs; and (h) Total 
Particulate Matter. 

6. At a minimum, monitoring and recording of combustion products 
and incineration operations shall be conducted for the following 
parameters whenever incinerating PCBs: (i) 02; (ii) CO; and (iii) 
CO2 The monitoring for O2 and CO shall be continuous. The 
monitoring for CO2 shall be periodic, at a frequency specified by 
EPA. 

7. The
any

 flow of PCBs to the incinerator shall stop automatically when 
 one or more of the following conditions occur: 

(i) Failure of monitoring operations specified for O2, CO and CO21 , 
or 

(ii) Failure of the PCB
recording equipment. 

 rate and quantity measuring and 

8. Water scrubbers shall be used for HC1
incineration. Scrubber effluent shall be
comply with applicable or pretreatment

 control during
 monitored and
 standards, and

 PCB 
 shall 
 any 

IM 
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other state and federal laws and regulations. An alternate 
method of HC1 control may be used if the alternate method has 
been approved by EPA. 

5.2.3 Massachusetts Hazardous Waste Regulations 

The Massachusetts DEP is authorized to administer the RCRA hazardous 
waste management program in Massachusetts. To receive this 
authorization, the DEP has demonstrated that its regulations are equivalent 
to, or more stringent than the federal standards. Consequently, complying 
with the Massachusetts' regulations will ensure federal compliance. 

The Massachusetts regulations providing the ARARs for hazardous waste 
incineration are formatted differently than the federal standards. Instead 
of one set of federal regulations (40 CFR Part 264), the state requirements 
are provided in two different sets of regulations. The General Facility 
Standards that apply to all hazardous waste management facilities, 
including incinerators, are provided in the Hazardous Waste Regulations 
(310 CMR 30.00). The performance standards for incinerators, including 
the destruction and removal efficiency, emission limitations and other 
requirements, are provided in the Air Pollution Control Regulations (310 
CMR 7.00). 

As discussed above, the Massachusetts Hazardous Waste Regulations 
provide the General Facility Standards that an incinerator (and other 
cleanup operations) must meet. These include: 

1.	 General Waste Analysis (310 CMR 30.513) 
2.	 Security (310 CMR 30.514) 
3.	 General Inspection (310 CMR 30.515) 
4.	 Personnel Training (310 CMR 30.516) 
5.	 Contingency Planning and (310 CMR 30.520 - 30.524)
 

Emergency Procedures
 
6.	 Closure Planning (310 CMR 30.583) 
7.	 Post-Closure Planning (310 CMR 30.593) 

The 
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These standards contain no specific technical requirements that the 
incinerator must meet, or dictate how it should be designed. The 
standards do, however, provide a number of requirements that the 
Remediation Contractor will need to address (e.g., providing training for 
the incinerator operators). These general facility standards are discussed 
further in Section 5.6. 

5.2.4 Massachusetts Air Pollution Control Regulations 

Air Pollution Control Regulation 

The RCRA standards for incinerators found in 40 CFR 264 Subpart O of the 
federal regulations are provided in Section 7.08 of the Massachusetts Air 
Pollution Control Regulations. Within the state regulations, the general 
requirements for all incinerators (7.08(1)) and the specific requirements 
for hazardous waste incinerators (7.08(4)) are addressed. 

General Requirements for Incinerators 

Section 7.08(1) provides a number of requirements that all incinerators 
must meet. However, there is only one technical requirement that needs 
to be addressed in the design. As required by 7.08(l)(g), no particles that 
have a dimension greater than 100 microns may be emitted. The other 
requirements in Section 7.08(1) are procedural and contain no design-
related provisions. 

Requirements for Hazardous Waste Incinerators 

Additional requirements for hazardous waste incinerators are provided in 
Section 7.08(4). This section contains thirteen parts and is relatively 
complex. However, only four areas contain design-related requirements. 
The other nine parts contain permitting and DEP approval procedures and 
trial burn requirements. The four sections that contain design-related 
requirements are 7.08(4)(h), (k), (1), and (m). These are discussed below. 
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Section 7.08(4)(h) - Emission Limitations 

As required by Section 7.08(4)(h), the incinerator must be designed to 
meet the following emissions limitations: 

1.	 A DRE of 99.99% for Principal Organic Hazardous Constituents 
(POHCs) (The Remediation Contractor will be required to meet 
the more stringent TSCA DRE of 99.9999%.); 

2.	 HC1 emissions must be less than four (4) pounds per hour or 1% 
of the HC1 in the combustion gas prior to air pollution controls 
(whichever is greater); 

3.	 Particular emissions must not exceed 0.08 grains per dry 
standard cubic foot; and 

4.	 Emissions of products of incomplete combustion (PICs) must be 
limited so they do not result in "a condition of air pollution." 

Section 7.08(4Kk) - Monitoring Requirements 

As required by Section 7.08(4)(k), the incinerator must be designed with 
the following instrumentation and monitoring: 

1.	 Carbon monoxide and oxygen in the stack exhaust; 

2.	 Waste feed and supplementary fuel rates; 

3.	 Combustion temperature; and 

4.	 Combustion gas velocity. 

Th« 
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Section 7.08r4)(T) - Operating Requirements 

Within this section, there are two operating requirements that will dictate 
how the incinerator is designed and operated. First, fugitive emissions 
from the combustion zone must be controlled by either: 

1.	 Keeping the combustion zone totally sealed against fugitive 
emissions; 

2.	 Maintaining a combustion zone pressure lower than atmospheric 
pressure; or 

3.	 An alternative means approved by the DEP. 

And second, the incinerator must be equipped with a waste feed cut-off 
and alarm system to stop operations when the incinerator is outside of its 
allowable operating limits. 

Section 7.08(4Vrrri - PAH Standards 

As required by Section 7.08(4)(m), polyhalogenated aromatic 
hydrocarbons (PAHs) must have a DRE of at least 99.9999%. This is based 
on burning materials more difficult to burn than tetra-, penta- and 
hexachlorodibenzo-p-dioxins and dibenzofurans. (The Remediation 
Contractor will comply with this standard by demonstrating 99.9999% DRE 
for PCBs.) 

5.2.5 Federal and State Ambient Air Quality Standards 

The federal National Ambient Air Quality Standards (NAAQS) and the State 
Ambient Air Quality Standards (310 CMR 6.00) provide standards for 
sulfur oxides, particulates, carbon monoxide, ozone, nitrogen dioxide and 
lead. However, because of the type of wastes being incinerated, the small 
size of the unit and the stringent requirements that must be met under the 
TSCA and RCRA regulations, these standards will not necessitate additional 
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design provisions. The design will consider, however, the Massachusetts 
Threshold Effects Exposure Limits (TELs) and annual average Allowable 
Ambient Limits (AALs) for PCBs and metals (including the ambient 
standard for lead of 1.5 |ig/m3). It is expected that by attaining the RCRA 
particulate emission limit (0.08 grains per dry standard cubic foot), and 
the TSCA DRE requirement, the TELs and AALs will be achieved. 

5.3 Wastewater Discharge ARARs 

5.3.1 Introduction 

This section defines ARARs for wastewater discharges. These include 
wastewaters from treatment of dredge slurry material, dewatering of 
settled sediment, scrubber blow-down from the incinerator, and storm 
water. 

The Clean Water Act (CWA) and corresponding state regulations (314 CMR 
2, 3, 4, 8 and 12) require that all point source wastewater discharges 
achieve technology-based treatment standards as a minimum level of 
treatment. In addition, water quality-based effluent limitations may be 
required if the technology-based treatment levels are not sufficient to 
achieve in-stream water quality standards. Typically, the water quality 
based treatment levels are more stringent, but this is not always the case. 

The	 contaminants of concern identified in the ROD for this project include: 

PCBs 
•	 Cadmium 
•	 Chromium (+6) 
•	 Copper 
•	 Lead
 

PAHs
 

Therefore, minimum technology-based treatment standards must be 
established to address the contaminants of concern. In addition, more 
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stringent treatment requirements would be required if the minimum 
technology-based treatment processes for removing these contaminants 
were not sufficient to assure that applicable in-stream water quality 
standards are achieved. The following subsections discuss compliance with 
these technology-based and water quality-based treatment requirements. 

5.3.2 Technology-Based Treatment Requirements 

The treatment standards for point source discharges are derived from Title 
III of the CWA, which requires all direct dischargers to meet technology-
based treatment requirements. EPA has determined technology-based 
treatment requirements for various point source categories in a series of 
"Development Documents," which evaluate treatment processes for various 
industrial categories. The limits provided in these guidelines are 
transformed into specific effluent limitations by permit writers. However, 
EPA has not categorized all point discharges or prepared Development 
Documents or corresponding effluent limitations guidelines for them. 

Because there are relatively few wastewater discharges from CERCLA sites 
and effluent streams from them cannot be readily categorized, EPA has not 
prepared Development Documents applicable to CERCLA sites. The effluent 
that will be generated from the Hot Spots wastewater treatment plant falls 
into this group. 

In such cases where categorical technology-based treatment requirements 
have not been determined, EPA recommends that technology-based 
effluent limits be established on a case-by-case basis using Best 
Professional Judgement (BPJ). Effluent limits are established by BPJ in a 
two-step process. First, appropriate technologies to treat the wastewater 
are identified. And second, once these technologies are established, 
numerical technology-based effluent limitations are established by 
applying the expected levels of performance of the selected BPJ 
technologies. 
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Factors considered in setting BPJ technology-based effluent limitations 
include: 

•	 performance data for similar treatment facilities and waste 
streams, 

•	 performance data from treatability studies, and 

•	 variability in pollutant concentration levels that may affect 
treatability. 

For the Hot Spots wastewaters, detailed treatability studies have been 
performed using site-specific wastewaters. Therefore, results of these 
treatability studies provide the most realistic estimate of the anticipated 
capabilities of the selected unit processes. 

The unit processes evaluated during treatability studies were based on the 
processes identified in the ROD and engineering judgement provided by 
ERM and potential equipment vendors. These processes reflect state-of
the-art treatment for addressing contaminants anticipated from the Hot 
Spots wastewater treatment plant. Other potential technologies were also 
evaluated in EPA's FS and during this design effort. 

The sequence of unit processes recommended by the ERM treatability 
study included: 

•	 primary settling 

•	 flocculation 

•	 secondary settling 

•	 sand filtration 

•	 secondary filtration 
TM 
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• UV/oxidation 

The potential environmental and economic impacts of adding or deleting 
unit processes should also be considered in establishing appropriate BPJ 
effluent limitations. Less stringent effluent limitations would involve 
deletion of the final unit process (i.e., UV/oxidation) listed above in the 
process treatment train. However, deletion of this step is not 
recommended because it would result in a significantly lower quality 
effluent. On the other hand, more stringent treatment processes than 
those listed above are also not recommended. 

As discussed above, the second step in defining BPJ technology-based 
effluent limitations involves determining the expected levels of 
performance of these technologies. Treatability studies were used to 
determine expected performance levels. 

Treatability studies performed on the anticipated wastewater using the 
treatment system of settling, equalization, chemical filtration and 
UV/oxidation produced the following results: 

Constituent Evaluated Achievable Concentration (ug/1) 

PCBs <0.6 (detection limit) 

PAHs (detection limit) 
Cadmium 5.0 (detection limit) 
Chromium (+6) 6.0 
Copper 7 
Lead 4 
Iron 2,000 
Nickel 1 8 
Zinc 7 4 

[The constituents included in the previous table include the constituents of 
concern (PCBs, cadmium, PAHs, chromium, copper and lead) plus other 
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constituents
* 

 (iron, nickel and zinc) that were identified during the 
treatability studies. These additional parameters include constituents 
controlled for operation needs (i.e., iron to limit fouling of the UV quartz 
tubes) in addition to other potential pollutants. The eighteen compounds 
that comprise PAHs were all found below their individual detection limits 
for treated effluent during the treatability study.] 

These concentrations should be interpreted as representative of achievable 
Long Term Average (LTA) effluent concentrations. Since effluent 
concentrations vary depending on wastewater characteristics and flows, 
the LTA concentrations will be much less than those that could occur over 
shorter averaging periods (i.e. daily maximum or monthly averages). 
Therefore, the above values must be translated into corresponding values 
that could occur over shorter timeframes. This is necessary to determine 
concentrations to be used for monitoring permit compliance for daily and 
monthly timeframes, and to provide a consistent basis of comparison with 
allowable effluent concentrations needed to achieve water quality 
standards. (See discussion of water quality-based limitations in 
Section 5.3.3.) 

EPA has performed extensive studies evaluating variability of wastewater 
discharges and the relationship to daily and monthly permit averaging 
periods. Procedures for accounting for this variability are provided in 
"Permit Writer's Guide to Water Quality-Based Permitting for Toxic 
Pollutants," (EPA, 1987). 

Based on EPA's estimates of variability, the monthly average and daily 
maximum technology-based effluent limitations should be established as 
1.19 and 2.13 times the above indicated values, respectively. These 
factors correspond to a 95th percentile level for 30 sampling events per 
month. Refer to Appendix E for additional information on how these 
calculations were performed. 
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5.5.3 Evaluation of Water Quality Based Treatment Requirements 

This section presents an evaluation of the possible need for establishing 
water quality-based treatment requirements if they are more stringent 
than the technology-based limits provided above. This section addresses 
water quality-based limits with respect to individual contaminants as well 
as whole-effluent toxicity. 

Individual Parameters 

The evaluation of the possible need for water quality-based effluent limits 
on a parameter-specific basis involves comparing the effluent limit 
required to achieve in-stream water quality standards with the effluent 
concentration achievable based on the technology-based design described 
previously. A listing of acute and chronic water quality criteria for the 
contaminants of concern appears in Table 5-2. If the achievable effluent 
concentrations for a given parameter are less than the allowable effluent 
concentrations needed to achieve in-stream water quality criteria, the 
technology-based limits would be sufficient. If the achievable effluent 
limits are greater than the limits allowable for achieving in-stream water 
quality criteria, then treatment requirements more stringent than 
technology-based would be called for to assure that in-stream water 
quality standards are achieved. 

Allowable effluent concentrations are determined by calculating the 
maximum concentrations that could occur in the discharge pipe that would 
permit the in-stream water quality criteria to be achieved after dilution 
with the receiving water. Dilution may be determined using a number of 
plume models; this analysis uses the most conservative plume model 
described in the "Technical Support Document for Water Quality-Based 
Toxics Control," (EPA, 1985, pg. 35). 

This analysis assumes that one-tenth of the river width would be available 
for dilution flow, and that the effluent would be discharged through a 10
inch pipe into the main river channel. The dilution analysis must be 
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TABLE 5-2 
ACUTE AND CHRONIC MARINE 

WATER QUALITY CRITERIA 
(all values in ppb) 

PARAMETER ACUTE CRITERION CHRONIC CRITERION 

PCBs 10 0.03
 

PAHs
 

Cd 43 9.30
 

Cr 1100 50.00
 

Cu 2.9 2.90
 

Pb 140 5.60
 

Fe(l) 1000 1000
 

Ni 75 8.30
 

Zn 95 86.00
 

TUa (2) 0.3 NA
 

TUc (3) NA 1
 

NOTES: 

(1) Criteria based on fresh water chronic; marine values not available. 

(2) Acute toxicity units; TUa=100/LC50. 

(3) Chronic toxicity units; TUc=100/NOEL. 

References: 
Quality Criteria for Water, 1976 "Red Book" and 
Federal Register Publications 
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performed for both acute and chronic water quality criteria for each 
parameter. 

The specific procedures and assumptions for calculating allowable effluent 
limits for specific parameters are contained in Appendix E. These 
procedures and assumptions are generally very conservative. Thus, it is 
probable that more representative parameters and assumptions would 
result in less water quality impact (and hence, greater allowable effluent 
limits). 

A table showing resultant contaminant-specific allowable effluent limits in 
comparison with achievable effluent limits appears as Table 5-3. The 
information presented in Appendix E indicates that the achievable 
technology-based effluent concentrations for each parameter are 
significantly less than the allowable water quality effluent concentrations. 
Therefore, the technology-based effluent limitations should be used as the 
basis for establishing parameter-specific effluent limitations. 

Evaluation of Potential Whole-Effluent Toxicity 

The evaluation of whole-effluent toxicity involves determining the number 
of toxicity units (TU) that may be discharged without having an adverse 
impact on aquatic organisms. Whole effluent toxicity refers to the 
composite toxic impact of a discharge, rather than the toxicity of individual 
parameters. Acute and chronic toxicity units are defined as follows: 

Acute toxicity (TUa) = lOO/LCso 
Chronic toxicity (TUc) = 100/NOEL 

The LCso and NOEL values in these equations are expressed as a percent 
effluent. 

The MADEP recommended criterion to prevent acute toxicity effects is 0.3 
TUa. This is based on an adjustment factor of one third used to extrapolate 
the LCso to a LCi (concentration at which 1% of the test organism die). EPA 
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TABLE 5-3 

Comparison of Achievable Effluent Concentrations. Water Quality Criteria and Ambient Background Concentrations 
(all values presented in ppb) 

Anticipated Projected Achievable Technology 
Influent Method Based Treatment Concentrations^ Water Quality Criteria4 In Stream 

Wastewater Detection Long-Term Monthly Daily Background 

Parameter Concentrations* Limit^ Average Average Maximum Acute Chronic Concentrations^ 

ROD Identified Constituents 

PCBs 49,000 0.6 0.71(6) 1.3(6) 10 0.03 0.6 
PAHs<7) .  .. -  .. 
Chromium 264 6 ND (<6) 7.1 12.8 50 50 
Cadium 17 3 ND(<5) 6 10.7 43.0 9.3 0.2 
Copper 754 2 7 8.3 15 2.9 2.9 5.4 
Lead 783 1 4 4.8 8.5 140 5.6 2.7 

Other Constituents 

Nickel 730 13 18 21.4 38.3 75.0 8.3 
Zinc 2,230 3 74 88.1 158 95.0 86.0 
Iron 41,200 35 2,000 2,380 4,260 1,000 1,000 
A l u m i n u m 10,600 50 126 

Based on wastewater used for the treatability studies generated from Hot Spots material and estuary waters. 

Method detection limits are based on EPA CLP Method reporting requirements. In some instances, the instrument detection limit may be lower 
than the required method detection limit. 

Achievable Technology Based Treatment Concentration were determined based on results of treatability studies of the proposed treatment 
system. Long-Term Average values are based on results of optimized treatability study treatment system. Monthly Average and Daily 
Maximum are 1.55 and 2.13 times Long-Term Average, respectively. Monthly Average and Daily Maximum values are based on procedures in 
EPA Permit Writer's Guide. 

Water Quality Criteria were determined based on "Quality Criteria for Water," 1976 "Red Book" and 1986 Federal Register publications (Refer 
to Appendix D). 

In stream background conditions are based on values presented in DEP's September 27, 1989 memo for waters north of the Coggeshall Street 
Bridge prior to pilot dredging study. 

PCB permit limit based on measured concentrations of Aroclors 1242 and 1254 that comprise the 0.6 ppb background concentration. 

PAHs to be treated to detection limits for the 18 compounds included under PAH classification. 
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regulations allow compliance with this criterion incorporating the mixing 
zone. However, in order to ensure that this limit is achieved within a short 
distance of the effluent pipe, the MADEP has established an end-of-pipe 
limit of 1.0 TU for dilution factors greater than 100. MADEP criterion 
establishes that for discharges with dilutions between 10 and 100 times, 
the effluent limit is established at 1.0 TU. Further, in the dilution range 
between 20 and 100, chronic monitoring is not required. Calculations for 
the discharge from the wastewater treatment plant associated with the Hot 
Spots remediation indicate a dilution factor of 49.3. (Refer to Appendix E 
for additional information.) Therefore, for this outfall, acute monitoring 
would be the only constituent of concern. 

Previous studies on the effluent (with the polymer Magnifloc 1596C) 
identified toxicity to Champia Parvula (Algal Reproductive Test) above 6% 
effluent and Arbacia Punculata (Sea Urchin Sperm Cell Test) above 5% 
effluent. Based on this information, the wastewater will not achieve 
effluent toxicity limits at the outfall if polymer is added to the system. 
(However, if dilution is allowed, the toxicity limit will be achieved at the 
edge of the dilution zone.) 

The actual whole effluent toxicity of the wastewater (without polymer) is 
presently unknown and can only be established upon startup of the 
wastewater treatment system. However, the estimated duration of the 
wastewater discharge is expected to last no greater than six months. The 
wastewater will primarily be generated by dewatering of the dredge 
material and the only constituents of concern (related to toxicity) that 
would be expected in the effluent are the previously identified metals. 
These constituents will be removed to achieve technology limits based on 
the treatability studies performed in conjunction with this design. 

Due to limited nature of this discharge and establishing discharge limits 
based on the treatability studies, whole effluent sampling will not be 
required for this remediation. 
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5.3.4 Storm Water, De-watering and Slowdown Treatment Requirements 

All storm water, dewatering flows, and blowdown will be captured and 
routed into the wastewater treatment system. Therefore, since there will 
be no separate point-source from these sources, treatment requirements 
for these sources are consistent with treatment requirements for the 
general facility, as described above. 

5J.5 Operation, Maintenance and Monitoring Requirements 

This section describes operation and maintenance (O&M) and monitoring 
requirements applicable to the wastewater treatment facilities. Specific 
regulations pertaining to O&M and monitoring for these facilities are 
contained in 314 CMR 12.00. This section describes major requirements of 
this regulations as they pertain to these wastewater treatment facilities. 

O & M Requirements 

The operators of the wastewater treatment facilities must comply with 
"Rules And Regulations For Certification Of Operators Of Waste Water 
Treatment Facilities," contained in 257 CMR 2.00. The facility operator 
must also prepare an O&M manual containing information needed to 
properly operate and maintain the facility. This manual must include: 

•	 Permits and Standards 

•	 Description, Operation and Control of Wastewater Treatment 
Facility 

•	 Description, Operation and Control of Sludge Handling Facilities 

•	 Personnel 

•	 Sampling and Laboratory Analysis 
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•	 Records and Reporting 

•	 Maintenance 

•	 Emergency, Operating and Response Program
 

Safety
 

•	 Utilities 

In addition, the operator must prepare a staffing plan containing a 
description of the number and qualifications of all personnel needed to 
properly operate the facility. This plan must include: 

•	 Number of operational days per week. 

•	 Number of operational hours per week. 

•	 Number of shifts per day. 

•	 Required personnel per shift. 

•	 Saturday, Sunday and holiday staff coverage. 

•	 Emergency operating personnel. 

Safety Program 

Self-contained compressed air masks and associated equipment must be 
inspected at least once every six months. The integrity of the tank must 
be inspected at least once every five years (i.e., once during the anticipated 
operation life of this facility). The facility must maintain at least one spare 
fully-charged cylinder of compressed air. At least one person on each shift 
must have an up-to-date certificate of training in first aid, and have 
immediate access to an approved first-aid kit. 
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Sampling and Analysis 

Parameter Specific Monitoring Requirements 

Individual parameters of concern listed previously should be monitored to 
evaluate compliance with discharge requirements on a monthly average 
and daily maximum basis. Sampling protocols must comply with the 
requirements of 40 CFR 136. The effluent limits specified previously 
assume four samples per month. Therefore, sampling should be performed 
a minimum of four times per month. A detailed sampling program is 
identified in Section 6.3.7. 

Whole-Effluent Toxicity 

The proposed wastewater treatment plant must be operational in order to 
obtain an accurate representation of the effluent toxicity of the treated 
wastewater. However, based on the calculations discussed previously 
under Section 5.3.3, the wastewater will have a dilution factor of 
approximately 49.3 (refer to Appendix E). Therefore, any wastewater 
exiting the discharge pipe will represent only approximately 2% effluent 
after dilution. Previous measurements of effluent toxicity indicate that 
toxicity from the polymer (Magnifloc 1596C) occurred at concentrations of 
approximately 5% effluent. Effluent toxicity is therefore anticipated to 
represent a discharge concern, if polymer is required to remove solids. 

5.3.6 Recordkeeping and Reporting 

The operator must maintain monthly operating records in accordance with 
DEP's publication titled, "Directions For Completing Monthly Report Form 
For Waste Water Treatment Plants." These records must be submitted to 
DEP by the tenth calendar day of the following month from which they 
were gathered. In addition, records of all monitoring information, 
including maintenance records and original strip chart recordings for 
continuous monitoring instrumentations and other reports shall be 
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maintained for at least three years from the date of the sample, 
measurement or report. However, as this facility will be operated 
pursuant to CERCLA requirements, specific permit requirements related to 
operation and reporting are waived. The Remediation Contractor will, 
however, be required to submit the appropriate information to the 
Contracting Officer with an information copy forwarded to the DEP. 

5.3.7 Other Administrative Requirements 

Since this facility will be constructed and operated pursuant to CERCLA 
requirements, specific permitting requirements for the facility construction 
and operation are waived. Nonetheless, administrative and substantive 
requirements of the CWA and state programs must be achieved. 

In order to assure that these substantive requirements are achieved, the 
facility Remediation Contractor should complete a permit application form 
(Form 2C, 314 CMR Section 3.26). In addition, the Remediation Contractor 
should complete Form HW pursuant to 314 CMR 8.20 for submittal to the 
Contracting Officer. An information copy will be forwarded to the DEP of 
all transmitted information. 

5.4 Ash Handling ARARs 

5.4.1 Introduction 

If the ash produced from incinerating the PCB-contaminated sediments is 
characteristically hazardous based on TCLP analysis, the ash will need to 
be stabilized to prevent metals from leaching prior to disposal in Cell No. 1. 
(TCLP tests on ash samples generated during the test burn indicate that 
the ash will likely not need to be stabilized. However, ash material, as well 
as fly ash material will be tested regularly during the remediation to 
verify compliance with appropriate regulations.) 
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5.4.2 TSCA and RCRA Hazardous Waste Regulations 

The TSCA and state and federal RCRA hazardous waste regulations give no 
process-specific standards that dictate how the ash should be handled, how 
the stabilization process should be conducted, or how the equipment used 
should be designed or operated. However, after stabilization, the ash will 
be tested and a TCLP analysis will be performed to ensure that the ash will 
no longer be characteristically hazardous (i.e., leach metals above a set 
concentration based on TCLP). 

The stabilization operation must, however, meet the RCRA General Facility 
Standards outlined in Section 5.6. Also, if the ash is stored in containers or 
tanks prior to treatment, the RCRA Standards for Containers (310 CMR 
30.680) or Storage and Management in Tanks (310 CMR 30.690) must be 
met. 

5.5 Sediment Dewatering ARARs 

5.5J Introduction 

The PCB-contaminated sediments will be dewatered prior to incineration. 
Previous studies conducted during the FS indicate that a plate and frame 
filter press will be effective at solids dewatering. However, preliminary 
results of the test burn indicated that the sediment material was paste-like 
in consistency and difficult to handle. Further, the material was difficult to 
dewater using the plate and frame filter press. 

The incinerator Remediation Contractor will be responsible for all 
dewatering and may or may not dewater depending on the characteristics 
of the sludge and/or the type of incinerator that is used for the 
remediation. 
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5.5.2 TSCA and RCRA Hazardous Waste Regulations 

TSCA and RCRA provide no specific standards that dictate how the 
dewatering process should be conducted or how the equipment should be 
designed or operated. Section 5.3 outlines how the wastewater from this 
process should be managed. 

However, the dewatering should be performed in accordance with the 
RCRA General Facility Standards discussed in Section 5.6. Also, the 
dewatered material should be stored in accordance with the TSCA Storage 
for Disposal Standards (40 CFR 761.65) prior to being incinerated. 

5.6	 General Facility Standards 

5.6.7 Introduction 

Besides the regulations for incinerators, RCRA outlines a number of other 
requirements that must be met by all hazardous waste treatment, storage 
and disposal facilities. 

For the Hot Spots remediation, the Massachusetts Hazardous Waste 
Regulations provide the RCRA General Facility Standards that must be 
addressed in the design and implementation of the cleanup. These include: 

1.	 General Waste Analysis (310 CMR 30.513) 
2.	 Security (310 CMR 30.514) 
3.	 General Inspection (310 CMR 30.515) 
4.	 Personnel Training (310 CMR 30.516) 
5.	 Contingency Planning and (310 CMR 30.520-30.524) 

Emergency Procedures 
6.	 Closure Planning (310 CMR 30.583) 
7.	 Post-Closure Planning (310 CMR 30.593) 

These standards contain few design-related requirements. However, they 
provide a number of requirements that must be addressed by the 
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Remediation Contractor and followed during implementation of the 
remedy. 

5.6.2 General Waste Analysis 

The General Waste Analysis Regulations (310 CMR 30.513) provide the 
standards that operators of hazardous waste treatment systems must 
follow. These regulations provide no standards that must be incorporated 
into the design of the remedy. However, the Remediation Contractor must 
develop a site and equipment-specific waste analysis plan prior to 
implementing the cleanup. This plan must include the following: 

1.	 The parameters that will be analyzed and a rationale for their 
selection; 

2.	 Test methods; 

3.	 Sampling methods; 

4.	 Sampling frequency; and 

5.	 Other specific waste analysis requirements for the incinerator 
and other waste management operations. 

5.6.3 Security 

The RCRA Security Regulations (310 CMR 30.514) provide the standards 
for site security that must be met. These include: 

1.	 Developing a security plan to prevent the unknowing entry of 
persons, minimize unauthorized entry of persons, and prevent 
entry of livestock onto the active portion of the facility. Also, 
24-hour surveillance must be provided. 

Th« 
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2.	 Posting a Sign - "Danger Unauthorized Personnel Keep Out" at all 
entrances to the site. 

3.	 A fence at least eight feet in height completely surrounding the 
active portion of the facility, and a means to control entry, at all 
times, through the gates or other entrances. 

The fence and sign will be incorporated into the design. The security plan 
will be developed and implemented by the Remediation Contractor. 

5.6.4 General Inspection 

The RCRA General Inspection Regulations (310 CMR 30.515) provide the 
standards for inspections of the facility and require that an inspection plan 
be developed to include: 

1.	 Inspect for malfunction and deterioration of equipment or 
structures, operator error, and discharges which may be causing 
or may lead to the release of hazardous waste contaminants to 
the environment. 

2.	 Conduct inspections frequently enough to identify problems in 
time to correct them before they harm public health, safety, or 
welfare or the environment. 

3.	 Shall remedy all malfunctions, deteriorations, operator errors, 
and discharges which any inspection reveals. 

4.	 When a hazard is imminent, or has already occurred, notify DEP 
immediately. 

5.	 Record every inspection in an inspection log book. Keep log book 
for three years. 
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6.	 Written schedule for inspecting monitoring equipment, safety 
devices, and operating and structural equipment (dikes and 
sump pumps). 

The inspection plan will be developed and implemented by the 
Remediation Contractor. 

5.6.5 Training Personnel 

The RCRA Personnel Training Regulations (310 CMR 30.516) require 
personnel assigned to the cleanup complete a program of instruction or on-
the-job training that teaches them to perform their duties in a way that 
ensures compliance with the RCRA hazardous waste regulations. The 
Remediation Contractor will be responsible for training, including 
developing a site-specific training plan. 

The plan will describe how personnel will be familiarized with the 
properties and hazardous nature of the waste at the facility and with 
emergency procedures, emergency equipment, emergency systems and 
personnel safety equipment. It will address: 

1.	 Inspect, repair and replace facility emergency and monitoring 
equipment; 

2.	 Use of waste feed cut-off system; 

3.	 Response to fire or explosion; 

4 Response to potential ground water or surface water 
contamination incident; 

5.	 Shutdown operations; and 

6.	 Training on communication and alarm systems. 
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Also, the Remediation Contractor must document the following: 

1.	 Job title for each position; 

2.	 Job description; 

3.	 Description of the type and amount of training; and 

4.	 Records to document that the training or job experience has been 
given and satisfactorily completed. 

5.6.6 Contingency Planning and Emergency Procedures 

The RCRA Contingency Planning Regulations (310 CMR 30.520 - 30.524) 
require that a number of contingency planning and emergency procedures 
be put in place. These regulations also require that a written contingency 
plan be developed. 

A Contingency Plan is a detailed, written plan which describes the specific 
precautions and procedures which are to be used to minimize the dangers 
associated with hazardous waste management. The purpose of the 
contingency plan is to clearly describe the actions to be taken by facility 
personnel and the equipment to be used in response to potential or actual 
fires, explosions, or any other unplanned sudden or non-sudden release of 
hazardous waste to the air, soil, surface water or ground water. 

For the Hot Spots remediation, a written, site-specific contingency plan will 
be developed by the Remediation Contractor and will include the following 
information: 

1.	 General information about the facility which includes the name, 
location, address, type of operation, and a description of the 
hazardous waste generation, storage, treatment and disposal 
activities. 
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2.	 A clear outline of the lines-of-communication among personnel 
including names, addresses and phone numbers of the 
emergency coordinators, and a description of their duties and 
responsibilities. 

3.	 A list of wastes managed and a description of the hazards 
associated with the wastes. 

4.	 A description of emergency response procedures including 
notification, control and containment, and follow-up activities. 

5.	 A list and description of emergency equipment maintained on-
site and available from outside sources, if needed. 

6.	 A descriptions of coordination agreements made with the police 
department, fire department, local board of health, hospital, 
state and any other emergency response groups. 

7.	 An evacuation plan describing when and how to evacuate during 
an emergency. 

8.	 For areas where wastes are being stored within the 100-year 
floodplain boundary, a description of the equipment, methods 
and procedures which will be used to prevent releases during a 
flood. 

The Remediation Contractor is required to send copies of the contingency 
plan to the following agencies or authorities (310 CMR 30.522): 

•	 Local Fire Department(s) 

•	 Local Police Department(s) 

•	 Local Hospital(s) 

The 
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•	 Local Board(s) of Health 

•	 State and Local Emergency Response Teams 

The DEP 

•	 The Chief Executive Officer of the Community 

In addition to the site-specific contingency plan that will be developed by 
the Remediation Contractor, the Hot Spots remediation must also be 
designed and operated to meet three other specific standards for 
emergency prevention and response (310 CMR 31.524). 

First, the Hot Spots remediation must be designed, constructed, maintained 
and operated to prevent releases of hazardous waste (310 CMR 30.524). 
This regulatory requirement provides no specific design standard that 
must be addressed, but does provide an overall directive that will be 
considered in both the design and implementation of the cleanup. 

Second, the Hot Spots remediation must be designed to include the 
following emergency equipment (310 CMR 30.524(2)): 

•	 An internal communications or alarm system capable of 
providing immediate emergency instruction, by voice or signal, 
to facility personnel. 

•	 A device, immediately available at all areas of operations, such 
as a telephone or a hand-held two-way radio, call box, or other 
instrument, capable of summoning emergency assistance from, 
and which is acceptable to, local police departments, fire 
departments, or federal, state or local emergency response 
teams. 

•	 A portable fire extinguisher; fire control equipment, including 
special extinguishing equipment, such as that using foam, inert 
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gas, or dry chemicals; spill control equipment; and 
decontamination equipment. 

•	 Water at adequate volume and pressure to supply water hose 
streams or foam producing equipment, or automatic sprinklers 
or water spray systems. 

•	 Clear markings identifying all exits so that everyone in the 
facility during an emergency can quickly find their way out of 
the facility. 

•	 An up-to-date written list containing information prominently 
posted next to every telephone: 

1.	 The name(s) and telephone number(s) of the emergency 
coordinator(s). 

2.	 The location(s) of the fire extinguisher(s) and spill control 
material(s), and if present, the fire alarms. 

3.	 The telephone number of the fire department, or, if there is a 
direct alarm system, instructions on how to activate it, or 
both. 

And third, all facility communications or alarm systems, fire protection 
equipment, spill control equipment, and decontamination equipment must 
be tested and maintained by the Remediation Contractor to ensure its 
proper operation in time of an emergency (310 CMR 30.524(3)). 

5.6.7 Closure Requirements 

The RCRA Closure Regulations (310 CMR 30.580) require that the 
incinerator, wastewater treatment system and other equipment used for 
the Hot Spots remediation be closed in a manner that minimizes the need 
for further maintenance. For the Hot Spots remediation, most equipment 
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used will be decontaminated, closed and removed from the site. 
Equipment that will remain on-site includes: the decommissioned 
wastewater treatment plant, concrete foundation and decontamination 
pads, and the material placed in the covered CDF. The decommissioned 
wastewater treatment plant and CDF will require upkeep and maintenance 
(to be performed by USACE-NED). This will result in a clean closure that 
requires minimal post-closure care. 

In accordance with 310 CMR 30.583B, a written closure plan will be 
developed by the Remediation Contractor. The closure plan will include at 
least the following information: 

1.	 A description of how the facility will be closed. 

2.	 An estimate of the maximum inventory of hazardous wastes in 
storage or in treatment. 

3.	 A description of the steps needed to decontaminate facility 
equipment during closure. 

4.	 An estimate of the date of closure and a schedule for closure. 

5.	 A description of testing and monitoring procedures which shall 
be used to determine whether or not any hazardous waste 
residues may remain after closure. 

6.	 A description of how the closure will minimize or eliminate the 
need of post-closure care and the potential for post-closure care 
and the potential for post-closure escape of hazardous wastes. 

5.6.8 Post-Closure Requirements 

Hazardous waste remaining after closure will consist of the non-
incinerated materials and trace bottom sediments in the CDF (the ash 
material disposal of in the CDF will either be solidified/stabilized or pass 
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the TCLP analysis and therefore be classified as non-hazardous). As 
outlined above, the incinerator and other equipment used for the Hot Spots 
remediation will be decontaminated, closed and removed from the site. 
Consequently, the only post-closure care required for this operable unit 
will be maintenance of the CDF cover and the decommissioned wastewater 
treatment plant. The requirements of post-closure care for this operable 
unit, as outlined in the regulations (310 CMR 30.590), will be addressed in 
the other operable unit. However, in the interim, the USACE-NED will be 
responsible for periodic monitoring and facility maintenance. 

5.7 Administrative Requirements 

5.7.7 Introduction 

The work plan provided to ERM contained an outline of information that 
was to be provided on permitting and other administrative requirements. 
However, because the Hot Spots remediation is being undertaken pursuant 
to Section 106 of CERCLA, federal, state and local permits are not required, 
the information requested by the USAGE is not directly relevant to this 
design. However, because it was outlined in the USAGE Work Plan, each 
point is addressed below and appropriate information is provided. 

5.7.2 Permitting and Approving Authorities 

Although there are no formal permits required, the EPA and the DEP are 
responsible for accepting the design from the USAGE. It is also their 
responsibility to ensure that the remedial design and remedial action are 
conducted in accordance with the substantive requirements of the 
appropriate environmental laws and regulations. The Contracting Officer 
will be responsible for providing overall approval of submittals from the 
Remediation Contractor based on the design specifications. EPA and DEP 
will review these submittals as appropriate. 
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5.7.3 Construction and Operating Permits 

There are no required federal, state or local construction and operating 
permits. However, the design and implementation of the cleanup must 
address all substantive standards required by the permits. These 
substantive requirements have been identified in detail in other sections 
of this Final Design Analysis Report. 

5.7.4 Permitting Timeframes 

Because of the permitting exemption under CERCLA, there are no 
permitting timeframes that must be considered. Instead, the USAGE, EPA, 
DEP and appropriate local authorities have agreed to review timeframes as 
identified in the design specifications. As stated previously, the 
Contracting Officer will be responsible for approving all Remediation 
Contractor submittals, obtaining EPA and DEP approval as appropriate. 

5.7.5 Permitting and Application Fees 

The Remediation Contractor is not required to obtain federal or state 
permits but must meet the specifications which address the substantive 
requirements of these regulations. The only permit and application fees 
that apply will include utility hookup and services charges, which are the 
responsibility of the Remediation Contractor. 

5.7.6 Monitoring and Compliance Testing Requirements 

There are a number of monitoring and compliance testing requirements, 
especially for the incinerator and wastewater treatment system effluent. 
These requirements are discussed in detail in other sections of this Final 
Design Analysis Report. 
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5.7.7 Agency Regulations 

The state and federal agency regulations (ARARs) that must be followed 
for the design and implementation of the Hot Spots remediation are 
provided in Section 5.1. How those requirements apply to each unit 
operation of the cleanup, are provided in Sections 5.2, 5.3, 5.4, and 5.5 for 
the incinerator, wastewater treatment, ash handling and sediment 
dewatering, respectively. Also, the RCRA General Facility Standards that 
are ARARs for all the unit operations are provided in Section 5.6. 
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SECTION 6.0 

PROCESS DESCRIPTION 

6.1 Overview 

As stated previously, the remedial action for the Hot Spots Operable Unit 
involves: 

•	 dredging 10,000 cy of PCB-contaminated (from 4,000 to over 
100,000 ppm) sediments and pumping this material to on-shore 
facilities for subsequent treatment, 

•	 settling of the sediment material in the CDF located in the Pilot 
Study Cove Area, 

•	 treating supernatant from the CDF using the following treatment 
train: 

equalization
 
coagulation and flocculation
 
settling
 
filtration
 
UV/oxidation
 

•	 dewatering of settled sediments prior to incineration, 

•	 incineration of the sediment material for organics destruction, 
specifically PCBs, and 

•	 disposal of the incinerator ash material on-site (results of the 
ash material generated during the test burn indicate that the 
bottom ash material will not require solidification/stabilization 
prior to on-site disposal). 
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In addition, the remedial system must meet all ARARs, as identified in 
Section 5.0, for the proper and safe operation of the system. Besides 
monitoring of the system to document compliance with the effluent limits, 
additional monitoring will be required to ensure that no adverse effects 
(either to the health and safety of the local inhabitants or to the 
environment) are occurring. 

Calculations detailing the sizing of the treatment system are presented in 
Appendix F. 

Descriptive information of the proposed remediation system is presented 
below. The information is presented by major treatment process. The 
equipment designations correspond with the designations presented on the 
Process Flow Diagram (PFD) which is Drawing CER47-400E-101. Piping and 
Instrumentation information is presented on Drawing CER47-400E-111 
and CER47-400E-112. In addition, an overall site layout is presented as 
Drawings CER47-400E-200 and CER47-400E-201. Drawings CER47-400E
102 presents the hydraulic profile of the wastewater treatment system. 
The flow rates and concentrations presented in the text, the supporting 
calculations (Appendix F) and the design drawings represent typical 
conditions. If appropriate, peak conditions are also presented. Due to 
variability of physical conditions encountered during dredging, the factors 
presented in the text may vary during actual operation. However, the 
system has been designed with sufficient flexibility to allow for these 
variations. 

6.2 Dredging 

Based on information supplied by the USACE-NED and included in these 
documents, a cutterhead hydraulic suction pipeline dredge will be used. 
The cutterhead will have a pump discharge size of between 8- and 1 fl
inches in diameter. The dredge will provide a minimum output of between 
30 to 40 cubic yards (in-situ) per hour of sediment material and transfer 
the sediment material through 5,200 linear feet of pipeline with a 10 foot 
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lift. The discharge of the transfer line will be to a diffuser located within 
the CDF. (The diffuser is owned by the USAGE and will be provided to the 
Remediation Contractor for the completion of this assignment.) 

The cutterhead dredge will be capable of making cuts in one foot 
increments and capable of transmitting the predominantly silty sand 
(sediments may also include organic silts and clays, shells, organic debris 
and pieces of wood). Dredging will be performed at high tide and is 
expected to average about 3.5 to 4.0 hours per day. It is estimated that 
the dredge will pump at 2,100 gpm at between 2 to 5% solids. Based on 
the estimated volumes, the dredging operation will require approximately 
80 days to remove the estimate 10,000 cy of in-situ sediment material. 

6.3 Wastewater Treatment 

6.3.1 Initial Settling/Floating Debris/Oil Removal 

As part of a separate contract to be implemented during the Fall 
1991/Spring 1992, the existing CDF Cell No. 1 will be excavated and lined 
with an impermeable membrane to a finished bottom elevation of +5.5 ft. 
The cell will then receive water and sediment pumped during the estuary 
dredging operations. Cell No. 1 will provide sufficient hydraulic detention 
time (greater than 8 hours) for the majority of the heavier sediments to 
settle from the dredged slurry. Cell No. 1 will also allow floatable debris 
and oil to separate from the dredged material. 

The volume of the Cell No. 1 at elevation +13 ft. is approximately 4 million 
gallons (20,000 cy). The operating level of the water in Cell No. 1 will be 
from elevation +10.5 ft to +13 ft. At elevation +13 ft there will be a two 
foot freeboard. Maintaining a minimum operating elevation of +10.5 ft will 
provide enough volume for storage of the settled sediment. This minimum 
elevation also provides sufficient ponding depth to prevent resuspension 
of sediments during the transfer of water from Cell No. 1 to Cell No. 2. 
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At an average flow rate of 2,100 gpm, the average flow to the Cell No. 1 
will equal 504,000 gpd (equates to 4 hours per day). During periods of 
higher tides and extended daylight, the dredging operations maybe 
extended for periods of up to six hours (756,000 gpd). The operating 
volume of Cell No. 1 has the capacity to equalize this additional flow for 
approximately 1.75 days. 

The treatability study performed by ERM indicated that the total 
suspended solids concentration of the wastewater will be reduced to 250 
mg/1 after approximately six to eight hours of settling. This will allow a 
maximum of 12 hours for decanting from Cell No. 1 to the equalization 
tank (Cell No. 2). 

Cell No. 1 will be equipped with absorbent boom type skimmers for the 
removal of the floating oily material that will surface during the six to 
eight hour settling period. Other floating debris (leaves etc.) will be 
collected along with the floating product and then removed manually at 
the edge of Cell No. 1 with skimmers. All waste generated during this 
procedure will be placed in tanks and roll-off containers. The material will 
be disposed using the incinerator after it is mobilized and operating. 

Flow from Cell No. 1 into Cell No. 2 will be monitored and controlled by an 
adjustable weir. The weir will be equipped with a baffle to capture 
additional floating debris that was not captured during the manual 
skimming operations. The baffle will also limit the overflow of floating 
material to the equalization basin (Cell No. 2). 

6.3.1.1 Air Emission Controls Options 

The potential volatilization of PCBs from the surface of the CDF was 
investigated extensively during the preparation of these design documents. 
Several air monitoring studies undertaken in the New Bedford area related 
to PCB emissions were reviewed. In addition, PCB air emission modeling 
and sampling was performed by ERM and USACE-WES as part of this 
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design effort. Based on the results of these studies, a determination was 
made to monitor volatilization of PCBs to ensure that PCB concentrations in 
the ambient air do not present a problem. However, potential alternatives 
to control PCB volatilization were investigated and include, but are not 
limited to: installation of a floating cover; installation of an inflatable 
cover; application of surface surfactants to breakdown the floating layer; 
manual removal of the floating layer; or modification of the diffuser 
system to limit flocculation of the PCB layer. It should be noted that PCBs 
in their pure form are heavier that water and would tend to sink. The 
floating of this oily layer (which has been tested and has elevated 
concentrations of PCBs) indicates that the PCBs are either being "carried" to 
the surface by a lighter oil layer, or air is entrained in the oily material 
and "floating" the PCBs layer to the surface. If the material is "floating" to 
the surface due to air bubble entrainment, then operational changes in 
dredging may be sufficient to limit formation of this PCB layer. The design 
documents provide conditions and procedures that require the Contracting 
Officer and Remediation Contractor to evaluate and implement controls 
should ambient PCB concentrations in air reach established action levels. 
(Air monitoring and associated levels are discussed in detail in Section 7.3.) 

The design includes four methods to control volatilization of PCBs from the 
surface of the CDF should the air monitoring program indicate that controls 
are required. (Air emissions modeling indicates that it is unlikely that 
implementation of these controls will be required.) The four foam 
suppression control options include: 

• long-term over water, 
• short-term over water, 
• long-term over solids, and 
• short-term over solids. 

These four options will allow the Remediation Contractor to implement 
application of suitable foam suppression material throughout the 
remediation. Selection of the appropriate foam will depend on the media 

Th« 

208-01-09 6-5 i-JJl It' 
^ 



Final Design Analysis November 1991 

that is acting as the source of PCB volatilization and the expected duration 
of the exceedance. Short-term applications will be appropriate for 
instances when upsets or short-term weather conditions might result in air 
measurements above the action limits. Water applications will be used for 
covering the CDF while solid applications can be used to cover the CDF side 
walls and other areas where PCB contaminated sediment might be stored. 

An additional option available to control volatilization of PCBs from the CDF 
side walls is the installation of side wall covers. These covers would float 
when the water level in the CDF was raised, but would cover the side walls 
as the water level declines. These side wall covers would therefore cover 
the sediments and surface PCBs that attached to these sediments as the 
water elevation decreased. (Air emission modeling indicates that PCB 
contaminated sediments are a likely greater source of volatilization than 
water covered sediments. Therefore, standard operating procedure is to 
maintain a water cover over as much of the sediments as possible to 
reduce air emissions. However, should the water cover not be sufficient, 
the side wall cover can be added.) 

6.3.2 Equalization 

The existing second cell will be divided into two cells. The bottom of both 
cells will have been excavated and lined to an elevation of +5.5 ft under 
the site preparation contract. The first portion of the cell will become CDF 
Cell No. 2 and be used to equalize the flows from CDF Cell No. 1. 
Wastewater movement from Cell No. 1 to Cell No. 2 will flow by gravity. 
The equalization cell will equalize the flows through subsequent units to 
approximately 350 gpm. The flow rate from the equalization basin is 
calculated as follows: 

Q (flow rate)=(2,100 gal/min) x (4 hrs)/(24 hrs) 
Q = 350 gpm 
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CDF Cell No. 2 will have sufficient volume (550,000 gallons) to equalize the 
volume of water produce by an average day dredging operation (504,000 
gallons). 

The equalized water will be pumped from CDF Cell No. 2 at an average rate 
of 350 gpm using pumps P-100A and B. These pumps will be operated 
one on-line with the other in a standby mode. Pump suction will be 
situated near the bottom of the cell (approximate elevation +6.0 ft) to 
prevent floating debris and oil that may have passed into Cell No. 2 from 
being pumped further into the treatment train. A bottom suction for the 
transfer pump will also limit solids settling in Cell No. 2. 

6.3.3 FlocculationlPhysicallChemical Treatment 

Equalized water will be pumped from CDF Cell No. 2 to the flocculation 
tanks (TK-100A,B). The flocculation tanks will also receive the backwash 
flow (approximately 18 gpm) from the sand filter (F-100). Prior to the 
flocculation tanks, alum will be added to the wastewater using metering 
pumps (P-101A,B) at approximately 25 ppm (as aluminum sulfate) mixed 
using an in-line static mixer (SM-100). 

The alum solution (8% as A1O2) will be stored in a portable alum tote bin. 

After dosing with alum, the wastewater will flow to the first flocculation 
tank (TK-100A) where it may be dosed with between 10 to 100 ppm of 
organic polymer (American Cyanamid Magnifloc 1596C). Polymer addition 
will be controlled by treatment requirements. The organic polymer 
addition will aid the alum in flocculating the solids, allowing the flocculated 
particles to settle more rapidly. Organic polymer will only be added in the 
event that operating parameters indicate that the concentrations of the 
other hazardous constituents in the wastewater may exceed discharge 
limits if the polymer is not added. The reason for limiting the dosing of 
the Magnifloc 1596C is the potential toxicity affect that residual polymer 
will have on the wastewater. (As discussed previously, the toxicity of the 

The 

208-01-09 6-7 



Final Design Analysis November 1991 

wastewater with the polymer addition, is expected to exceed discharge 
limits.) 

Wastewater will then flow to the second flocculation tank (TK-100B). This 
provides for a total of 15 minutes of detention time in the flocculation 
tanks which based on the treatability study data is sufficient to provide for 
good flocculation. 

It was noted during the treatability study, that the addition of organic 
polymer allowed a majority of the flocculated solids to settle out even 
while being agitated. Addition of organic polymer permits the formation 
of larger flocculation particles that settle easily. In addition, the polymer 
allows for the flocculation of the smaller particles, that might otherwise 
pass through the subsequent settling basin. Therefore, provisions will be 
included in the flocculation tasks to remove solids. Solids removed from 
the flocculation tank will be transferred to CDF Cell No. 1. 

6.3.4 Secondary Settling 

From the flocculation tanks (TK-100A,B) the water will flow by gravity to 
CDF Cell No. 3 where most of the suspended solids remaining in the 
wastewater after flocculation will be settled out. CDF Cell No. 3 has a 
volume of approximately 420,000 gallons (2,000 cy), sufficient for solids 
storage and hydraulic detention time. , 

The wastewater will be discharged, at a flow rate of 368 gpm, through a 
pipe placed along the dividing wall of CDF Cell Nos. 1 and 2. The 
wastewater will flow across CDF Cell No. 3 and overflow along a weir 
placed along the wall dividing CDF Cell Nos. 1 and 3 at elevation +12.42 ft. 
This will minimize short circuiting and allow sufficient time for most of the 
remaining solids to settle. The effluent weir will have an overflow rate of 
5,300 gal/lf-day, which is well within standard limits. The secondary 
settling basin overflow rate is 68.8 gal/sf-day, which is also within 
standard limits. 
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Settled wastewater will be pumped (P-102A,B) out of CDF Cell No. 3 with 
sufficient head for flow through the sand filter unit. A return line will be 
installed at this point in the process to allow for the wastewater to be 
directed back to the CDF Cell No. 1 in the event that the concentrations in 
the wastewater have not been reduced to the values expected at this point 
in the treatment process. 

After settling, hydrogen peroxide will be added to the wastewater. The 
hydrogen peroxide skid mounted system (CF-101) includes a hydrogen 
peroxide storage tank (TK-105) and metering pumps (P-106A,B,C,D). An 
in-line static mixer (SM-101) is provided to ensure proper mixing of the 
hydrogen peroxide and wastewater. Hydrogen peroxide is added to 
remove excess iron that may be present in the wastewater stream prior to 
the UV system. Precipitation of iron would adversely affect the operation 
of the UV system by coating the quartz tubes. Hydrogen peroxide will 
oxidize the soluble iron in the wastewater stream to the ferric state. The 
iron will then be removed by filtration in the subsequent filtering 
operations as described below prior to the UV system. 

6.3.5 Filtration 

After secondary settling (CDF Cell No. 3) the wastewater will be filtered 
prior to treatment in the UV/oxidation unit. Filtration will be performed 
by two filter units in series. The first unit is a continuous backwash sand 
filter (F-100). This coarse filter (removing particles down to a nominal size 
10 microns) will remove larger suspended solids and metal oxides not 
removed in the settling operations. The second unit (F101A,B) is a 
polishing filter (removing particles down to a nominal size 2.5 microns) 
system to remove smaller particles remaining after the sand filter. 

The sand filter (F-100) proposed is nine foot in diameter. This is 
equivalent to a filter area of 64 sf. At the design flow of 368 gpm the flow 
rate is 5.75 gal/min/sf. 

Th« 

208-01-09 6-9 
Group 



Final Design Analysis November 1991 

The unit will be supplied with a 4 scfm compressor (C-100) which will air
lift the sand through the center of the unit to remove filtered particles 
from the filter bed. The continuous backwash wastewater from this unit 
will be returned to the flocculation tank at a flow rate of 18 gpm for 
removal of the removed solids. 

The sand filter will also reduce the level of iron in the waste stream to 
approximately 2 ppm. This is the concentration at which the iron will not 
adversely affect the performance of the subsequent UV/oxidation unit. 
The filter will also act as a coarse filter to remove particles that may clog 
the polishing filters (F-101A,B). A continuous backwashing filter was 
selected to eliminate the need for backwash storage and feed systems. 

The effluent from the sand filter will be collected in a storage tank (TK
101) which will feed the pumps (P-103A,B) that will provide sufficient 
pressure to transfer the wastewater through the pressure filters and 
subsequent treatment units. 

The polishing filters (F-101A,B) will remove particles down to 2.5 microns 
(nominal size) allowing the UV/oxidation system to remove the remaining 
soluble and paniculate PCBs efficiently. The polishing filter unit will 
consist of two cartridge type filters in parallel. When the pressure drop 
through the on-line filter exceeds a predetermined set point 
(approximately 50 psi), the valves will be manually repositioned to put the 
clean filter on-line and the used filter off-line. The used filter cartridge 
will then be replaced and the old cartridge placed in storage until 
incinerated using the on-site incineration system. This duplex filter 
system will allow the cartridges to be changed without discontinuing 
forward flow. 

An additional return line will be located after the filters to allow the 
wastewater to be directed back to the CDF Cell No. 1 in the event that the 
filters do not reduce the solids concentration to levels required for 
discharge. 
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6.3.6 UV/Oxidation 

The UV/oxidation system (UV-100) will reduce the level of PCBs in the 
wastewater to discharge levels required as outlined in the ARARs section 
of this report. The unit is capable of treating 350 gpm of wastewater with 
concentrations of PCBs of up to 350 ppb. The unit will have a minimum 
detention time of 3 minutes although treatability studies have indicated 
that the PCBs will oxidize in approximately 1.4 minutes. 

Although not anticipated to be present at this stage of the treatment train, 
the UV/oxidation system will also be effective at removing any 
naphthalene that remains in the waste stream. The analytical data 
gathered during the ERM Treatability Study indicated that the major 
constituent of the PAHs found in the wastewater consisted of naphthalene. 

6.3.7 Monitoring Requirements 

The Remediation Contractor will monitor the wastewater at various points 
along the treatment process to ensure that the system is functioning 
properly and that discharge requirements are being achieved. The 
wastewater will be tested for the following parameters: 

• PCBs 
• TSS 
• Lead 
• Chromium (6+) 
• Copper 
• Nickel 
• Zinc 
• Cadmium 
• PAHs 
• Iron 
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The concentrations of these contaminants will be monitored at points prior 
to the recycle lines and at the effluent weir from CDF Cell No. 1 to ensure 
that the system is operating as designed. The tests will be performed on a 
daily basis for the first week, or until the system operating parameters 
have been optimized, and then on a weekly basis for the remainder of the 
time the treatment process is operating. The Remediation Contractor may 
require more frequent monitoring of the system to ensure compliance with 
the effluent limits and to maintain proper operation of the system. 

The effluent from the process will be monitored by a composite sampler. 
The sampler will take 24-hour composite samples to monitor performance 
and ensure the system is meeting water ARARs. To ensure proper 
performance of the treatment system, the effluent wastewater will be 
collected and analyzed daily for the first week of operation. If, based on 
the first week of analyses, the wastewater treatment system is operating 
properly (i.e., the system has not exceeded any of the effluent limits for 
seven consecutive days) required sample analysis will be reduced to once 
per week. However, if any sample analysis exceeds the appropriate ARAR 
value, monitoring frequency will again be daily, until five consecutive 
samples are within appropriate limits. 

The appropriate ARAR effluent limits for this remediation (as discussed 
previously) are: 

Parameter 
Long-Term 
Average^ 1 ) 

Monthly 
Average^2) 

Daily 
Maximum^3 ) 

PCBs<4> 
(ppb) 

0.6 
(ppb) 
0.71 

(ppb) 
1.3 

Cadmium <5 6.0 10.7 
Chromium 6 7.1 12.8 
Copper 7 8.3 15 
Lead 4 4.8 8.5 

Long-Term Average refers to the achievable limits as determined from the treatability 
s tudies . 
Monthly average is 1.19 times the Long-Term Average based on EPA Permit Writers Guide. 
Daily Maximum is 2.13 times the Long-Term Average based on EPA Permit Writers Guide. 

(4)	 PCB permit limit based on measure concentrations of Aroclors 1242 and 1254 that comprise 
the 0.6 ppb estuary background concentration. 
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The above limits are based on analytical analysis using standard EPA 
Methods. 

6.4 Sediment Dewatering 

6.4.1 Sediment Storage and Transfer 

Sediment material will be collected in the following locations: 

•	 settling of dredged sediments in the CDF Cell No. 1, 

•	 settling of dredged sediments in the equalization basin (CDF Cell 
No. 2), 

•	 settling of chemically coagulated and flocculated sediments and 
colloidal material in the secondary settling basin (CDF Cell No. 3), 
and 

•	 filtration of colloidal and fine sediment material by the pressure 
filters. 

With the exception of the pressure filters, the sediment materials will 
remain stored in the settling basins until the completion of the estuary 
dredging portion of the remediation. (This will limit disruption of the 
water column during settling and also minimize volatilization of the 
surface layer.) Upon completion of the estuary dredging operation, the 
estuary dredge and connecting pipeline will be decommissioned and 
removed. Discontinuation of estuary dredging will eliminate the flow of 
approximately 500,000 gallons per day of wastewater through CDF Cell No. 
1. The wastewater treatment system will then only be required to treat 
incinerator blowdown, storm water and other miscellaneous flows. It is 
anticipated that the wastewater treatment plant will need to remain 
operational until completion of the incineration of sediment materials, but 
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it may only be on-line periodically as need to reduce the volume of 
wastewater stored in CDF Cell No. 1. 

Discontinuation of flow into the CDF will allow a separate dredge, of smaller 
capacity, to be placed in the CDF and begin dredging of the settled 
sediment material from the CDF. This dredge will lift the settled sediment 
material to the sediment dewatering system prior to incineration. The 
sizing of this dredge will depend on the capacity of the incineration 
system, available dewatered material storage capacity and the feed 
requirements of the incinerator. 

6.4.2 Sediment Dewatering 

The requirements of the sediment dewatering system will be based on the 
specific requirements of the proposed incineration system. From previous 
studies, it has been determined that the sediment material can be 
dewatered to approximately 65% solids using a plate and frame filter 
press. This solids content was achieved without the addition of chemicals. 
Filtrate from the dewatering process will be returned to the CDF Cell No. 2 
(equalization) until the quantity of filtrate starts approaching storage 
capacity. The wastewater treatment facility will then be brought back on
line to treat this wastewater prior to discharge. 

6.4.3 Filter Cake Handling 

Dewatering filter cake (if dewatering is required for incineration) will be 
temporarily stored in the vicinity of the incinerator. Cake storage will 
equal a minimum of one days capacity for incineration. This will allow for 
continuous feed to the incinerator during filter press runs and during 
periodic maintenance of the filter press. Dewatered cake will be stored in 
an enclosed structure to ensure that the cake does not get wet during 
storm events. The method of feeding the dewatered solids to the 
incinerator will depend on the incinerator selected. 
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6.4.4 Monitoring Requirements 

In order to ensure proper operation of the sediment dewatering system, 
the following parameters will be monitored: 

•	 dredge output
 
solids content
 
flow rate
 

•	 filter press output
 
solids content
 
volume flow rate
 
PCB concentration
 

These parameters will be monitored daily to ensure the dewatered 
sediments are suitable to be fed to the incinerator. The criteria for 
determining when it is suitable for sediments to be fed to the incinerator is 
to be determined by the incinerator operator and may vary depending on 
which incinerator is used at the site. 

6.5 Incineration 

6.5.1 Available Units 

Conversations with several incinerator vendors indicate that there are 
several mobile incinerators of appropriate capacity to handle the PCB and 
metal contaminated sediment material anticipated at this site. Several 
types of incinerator technologies have been identified including: fluidized 
bed, rotary kiln and infrared. Based on preliminary conversations, the 
vendors will have units available after July 1992, the anticipated period of 
time the system will need to be on-site. 
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6.5.2 Plume Modeling 

As identified in Section 5.0, the NAAQS and State Ambient Air Quality 
Standard (310 CMR 6.00) were reviewed especially in regard to heavy 
metal emissions. Emission limits for heavy metals were evaluated based 
on Guidance on Metals and Hydrogen Chloride Controls for Hazardous 
Waste Incinerators, Volume IV of the Hazardous Waste Incineration 
Guidance Services (EPA/530-SW-90-004). This document specifies waste 
concentrations, feed rates and emission rate screening limits which are 
determined based on effective stack height and terrain. The results of 
plume modeling are present in Appendix G. ERM determined with the 
proper combination of sediment feed rates, stack height and other 
operating conditions, emissions of metals will not cause unacceptable risks. 
The Remediation Contractor will be required to demonstrate that the 
particular equipment and operating conditions proposed do not cause 
unacceptable emissions. 

6.5.3 Operation 

The Remediation Contractor will supply an incinerator capable of operating 
24-hours per day, 7-days per week. The incinerator will receive 
dewatered sediments at a rate of 5 to 10 tons per hour, which will be 
incinerated to reduce the PCB concentrations of the sediments to 
acceptable levels (DRE of 99.9999%). The incinerator will also be equipped 
with off-gas treatment systems to limit metal and other pollution 
discharges to the environment. The incinerator operator will have the 
option to treat the scrubber water by transferring the scrubber water to 
the equalization basin for further treatment or treating the water with an 
evaporation system. The purpose of using the independent scrubber water 
treatment system is to eliminate the discharge of elevated metals 
concentrations to this wastewater treatment system. If an evaporation 
type system is used the system will function to concentrate the scrubber 
water. Paniculate material in the scrubber water will be allowed to settle 
with the water returned to the air pollution control system. Using this 
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type of system, no wastewater is discharged. Any residue from an 
evaporation system will be removed and mixed with the ash material after 
being analyzed by a TCLP analysis and stabilized, if necessary. PICs will be 
monitored during the trial burn and operating conditions will be set to 
ensure PIC formation is minimized. 

6.5.4 Monitoring Requirements 

As indicated in the draft specifications, the following parameters will be 
monitored: 

•	 Temperature 
Main Chamber (continuous, recorded) 
Main Chamber Exit Gas 
Secondary Combustion Chamber (continuous, recorded) 
Secondary Combustion Chamber Exit Gas 
Quench Chamber Exit Gas (continuous) 

•	 Pressure
 
Main Chamber (continuous, recorded)
 
Primary Combustion Air
 
Quench Inlet
 
Scrubber Inlet (continuous, recorded)
 
Scrubber Discharge (continuous, recorded)
 

•	 Flows 
Auxiliary Fuel to Main Chamber (continuous, recorded) 
Auxiliary Fuel to Secondary Chamber (continuous, recorded) 
Quench Tower Water Flow 

•	 Feeds
 
Sediment (continuous, recorded)
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•	 Flue Gas Components
 
Carbon Monoxide (continuous, recorded)
 
Oxygen (continuous, recorded)
 
Carbon Dioxide (continuous, recorded)
 
Hydrocarbons (continuous)
 
Opacity (continuous)
 

The	 system will be equipped with an automatic control system that: 

•	 Maintains the temperature in the primary and secondary 
combustion zones. 

•	 Maintains the required levels of Oi and CO in the stack gas. 

•	 Automatically stops sediment feed to the incinerator if: 
failure of the CO or O2 monitors 
failure of the sediment feed rate monitoring and/or recorder 
the O2 level falls below 3% (volume) in the stack. 

6.6 Ash Handling 

Based on a review of the preliminary results of the TCLP analysis of the 
bottom ash material from the test burn, we would anticipate that the 
incinerator ash material will not require stabilization/solidification, 
allowing it to be disposed as a non-RCRA hazardous waste. However, the 
fly ash may require stabilization/solidification to pass the TCLP analysis. 
Refer to Appendix D for the results of previous testing of ash materials. 

However, the ash material will need to be stored on-site until the CDF Cell 
No. 1 is emptied of the PCB-contaminated sediment material. Temporary 
storage of this material will require facilities that will ensure the ash 
material does not get blown away. Based on the test burn, it would be 
expected that facilities for temporary storage of up to 7,000 cy of ash 
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material will be required. Ash handling will need to include appropriate 
procedures to limit dust and other fugitive losses. 

Ash material will be tested periodically to ensure the material is suitable 
for disposal on-site (i.e., passes the TCLP test). Should a batch of ash fail 
the TCLP test, it will be separated from the other ash material and 
solidified/stabilized prior to disposal. 

When all the PCB-contaminated sediment material has been removed from 
the CDF cells, CDF Cell No. 1 will be prepared for placement of the ash 
material. First, the Remediation Contractor will be responsible for 
repairing any sections of the membrane liner that may have been 
damaged during transfer of the material from the cells. Second, the 
Remediation Contractor will install the leachate collection system and 
monitoring well in the vicinity of the center of CDF Cell No. 1 (at the 
location of the concrete pad used for the dredge diffuser). This monitoring 
well is installed to allow the USACE-NED to monitor leachate collection in 
the cell after capping. Next, the Remediation Contractor will place the ash 
material in the cell (approximately 7,000 cy depending on the amount of 
material that needs to be stabilized/solidified). Finally, the Remediation 
Contractor will place the cap on top of the ash material as specified. In 
order to meet requirements, the CDF cell cap will have the following 
features: 

•	 Graded debris and berm material over the ash. 

•	 6-inch subgrade developed from material from the existing 
berm. 

•	 6-inch minimum of low permeability bedding soil. 

•	 60 mil HOPE geomembrane. 

•	 Geonet composite layer. 
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• A woven geotextile filter fabric. 

• 18-inches of cover soil. 

• 6-inches of topsoil with vegetative cover. 

In addition, the cover will have a 3% grade to ensure runoff from the cap. 
The cap is intended to minimize infiltration of rainwater into the ash 
material. As stated previously, the monitoring manhole (48-inch 
diameter) will be equipped with four collection vanes (6-inch corrugated, 
perforated HDPE) to collect leachate from the ash material. This will allow 
the US ACE-NED to monitor the integrity of the cap. 

6.7 Instrumentation and Controls 

Various instrumentation and controls will be used to monitor the 
wastewater treatment, incineration, and dewatering systems to allow the 
systems to operate in a safe manner in accordance with all regulations. 
The controls used in the wastewater treatment system are present in the 
Piping and Instrumentation Diagram (Drawings CER47-400E-111 and 
CER47-400E-112) in the attached design drawings. 

The incineration and dewatering systems controls, as required by 
applicable regulations and guidelines, are outlined in the incineration 
system specification section. The final system instrumentation and 
controls configuration required for operation will be dependant on the 
incineration system chosen by the Remediation Contractor for the 
remediation. 

The 
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SECTION 7.0 

PROCEDURAL COMPONENTS OF DESIGN ANALYSIS 

7.1 Introduction 

This section of the Design Analysis report presents the basis for the 
following components of the design: 

• Safety and Health 
• Air Monitoring 
• Site Maintenance 

Each of these components is discussed in detail below. 

7.2 Safety and Health Provisions 

The safety and health specifications will ensure compliance with the 
Occupational Safety and Health Administration (OSHA) regulations. The 
OSHA regulations apply to all industrial activities and ensure that work is 
performed in a safe manner. They also apply to USAGE operations, 
including CERCLA cleanup actions. These regulations are provided in the 
Federal Register at 29 CFR Part 1926 (Construction Industry Standards), 29 
CFR Part 1910 (Occupational Safety and Health Standards) and, especially, 
29 CFR Section 1910.120 (Hazardous Waste Operations and Emergency 
Response). 

7.2.7 Construction Industry Standards - 29 CFR Part 1926 

The OSHA Construction Industry Standards provides safety and health 
requirements for construction activities. The standards contain over 
fifteen subparts and give specific safety and health requirements for a 
wide variety of construction activities. Also, provisions to implement these 
standards, in the form of detailed specifications, are given in the USACE's 
Safety and Health Requirements Manual, EM 385-1-1. 
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The Remediation Contractor will be required to comply with the 29 CFR 
Part 1926 regulations. All important or particularly relevant standards 
will be emphasized and provided directly in the specifications. However, 
because the standards also cover a very wide range of topics and the 
USAGE safety and health manual is over 300 pages long, it is not practiced 
to include all possible requirements in the specifications. Instead, any 
portion of the the OSHA Construction Industry Standards and the USACE 
manual not included directly in the specifications will be made part of 
them by reference. 

7.2.2	 Occupational Safety and Health Standards - 29 CFR Part 1910 

The OSHA Occupational Safety and Health Standards give the requirements 
that industry must follow to ensure that safety and health of workers are 
protected. Like the Construction Industry Standards, this part of the OSHA 
regulations covers a very wide range of activities -- Part 1910 contains 
twenty subparts and over 400 sections. 

The Remediation Contractor will be required to comply with all of 29 CFR 
Part 1910. All important or particularly relevant standards will be 
emphasized and provided directly in the specifications, including all of 
Section 1910.120 - Hazardous Waste Operations and Emergency Response. 
However, because of the length of the regulations and the broad range of 
topics for which standards are provided, it is not practical to include all of 
the possible requirements in the specifications. Instead, like the 
Construction Industry Standards, any part of the OSHA Occupational Safety 
and Health Standards not included directly in the specifications will be 
made part of them by reference. 

7.2.3	 Hazardous Waste Operations and Emergency Response 
29 CFR Part 1910.120 

The OSHA regulations for Hazardous Waste Operations and Emergency 
Response cover hazardous substance cleanup operations conducted under 
the Comprehensive Environmental Response, Compensation, and Liability 
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Act of 1980 (CERCLA) as amended. This section of the OSHA regulations 
provides the most important and relevant requirements for the Hot Spots 
Operable Unit. 

Because the exact pieces of equipment and procedures for the cleanup 
work will be determined by the Remediation Contractor, the exact safety 
and health provisions that will be followed to address the 29 CFR 1910.120 
regulations will also be the Remediation Contractor's responsibility. The 
specifications will, however, identify the contaminants of concern and 
chemical and physical hazards that may be encountered. 

In addition, specifications will be included in the Hot Spots Operable Unit 
Design to address the following requirements of Section 1910.120: 

1.	 Safety and Health Program 
2.	 Site Characterization and Analysis 
3.	 Site Control 
4.	 Training 
5.	 Medical Surveillance 
6.	 Engineering Controls, Work Practices and Personnel 

Protective Equipment 
7.	 Monitoring 
8.	 Information Program 
9.	 Material Handling 

10.	 Decontamination 
11.	 Emergency Response 
12.	 I l lumination 
13.	 Sanitation 
14.	 Site Excavation 
15.	 Contractors and Subcontractors 

Each of these areas listed above will be addressed in a comprehensive Site 
Safety and Health Plan (SSHP). The specifications will provide a detailed 
outline of the required contents of the SSHP that the Remediation 
Contractor shall follow. 
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The SSHP will establish, in detail, the protocols necessary for protecting on-
site personnel and the local public from site hazards associated with the 
remediation. This work includes installation of equipment, dredging of 
PCB-contaminated sediments from the estuary, transfer of sediments to 
the CDF, treatment of wastewater generated during dredging operations, 
transfer of sediments from the CDF to incineration systems, incineration of 
sediments, temporary storage of ash material and placement of the ash 
material (after stabilization, if required) in the CDF, demobilization of 
equipment and final grading of the site. 

The overall hazard to personnel performing site activities for the Hot Spots 
remediation is currently rated at moderate risk. This is because PCBs and 
the heavy metals that are contaminants of concern are relatively non
volatile and appropriate personnel protective clothing and operational 
controls can be implemented to address site risks. The overall hazard to 
off-site personnel and local residents is rated at low. This hazard 
assessment is based primarily on the potential for contact with and 
inhalation of contaminants during dredging, wastewater treatment, 
incineration and ash handling activities. Again, because the contaminants 
of concern are relatively non-volatile and the potential for exposure off-
site is low, the hazards off-site will be minimal. Other potential hazards to 
on-site personnel include physical injury from on-site ground equipment 
and heat/cold stress. A summary of the remedial activities and potential 
hazards is provided in Table 7-1. 

Workers on-site during remedial activities could be exposed to 
contaminants by dermal contact and the inhalation of airborne particulates 
or volatilized contaminants. Dermal and inhalation exposure to 
contaminants could arise from the open CDF, as a result of dredging 
operations (e.g., clearing of debris from or unclogging the dredgehead), 
dewatering the sediment, and exhaust gases and vapors generated during 
incineration of the sediment. To minimize or prevent such exposure, 
personnel protective equipment (i.e., respirators, overalls, and gloves) will 
be used and a number of operational controls will be implemented. In 
addition, ambient air monitoring and monitoring of incinerator stack gases 
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REMEDIAL ACTIVITIES AND HAZARDS
 

ACTIVITY 

General Construction 

Dredging 

Dewatering 

Wastewater Treatment 

Inc ine ra t ion 

Solidification 

Disposal 

HAZARD 

Heavy equipment 
Heat producing/electrical equipment 
Heat/cold stress 

Drowning/ in jury 
Rotating equipment 
Contaminant exposure 
Heat/cold stress 
Electrical hazards 

Chemical exposure 
Electrical equipment 
Heat/cold stress 

Chemical exposure 
Physical hazards (e.g., falling) 
Electrical hazards 
Heavy equipment 

Heat stress 
B u r n s 
Paniculate/emissions exposure 
Confined space entry 

Chemical exposure 
Heavy equipment 
Noise 
Heat/cold stress 

Paniculate exposure 
Heavy equipment 
Noise 
Heat/cold stress 
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shall be conducted to ensure worker safety within immediate areas of 
remedial activity. 

The chemicals of concern at the site, as well as the chemical hazards, are 
provided in Table 7-2. As indicated, there are four heavy metals of 
concern: lead, copper, cadmium and chromium. Although these metals are 
of concern, they are found at relatively low concentrations. To 
demonstrate that OSHA standards are being addressed, particulate 
monitoring will be conducted and appropriate safety precautions will be 
followed. No other ambient sampling or analysis is warranted for the 
metals, again because of the low levels and their non-volatile nature. 

In addition to the metals, the other contaminant of concern (and also the 
primary concern at the site) is PCBs. While PCBs are relatively non
volatile, they are a suspected carcinogen and, therefore, a significant safety 
and health issue. 

There is no real-time way to measure for PCBs in air, unlike benzene and 
other more volatile compounds that can be detected with instrumentation 
like photoionization detectors (PIDs). To measure for PCBs in the air 
samples must be collected and analyzed. The minimum turn-around time 
for sample analysis is from 24 to 48 hours. 

Because there is no real-time way to measure for PCBs, the safety and 
health and air monitoring portions of the specifications will require the 
Remediation Contractor to provide site controls, personnel protective 
equipment and to take other measures necessary to ensure that 
unacceptable exposure does not occur. Also, higher levels of personnel 
protective equipment (Level C) will be required until air samples have 
been analyzed and it has been demonstrated that PCB concentrations are 
not a concern. This is particularly important around the CDF and other 
areas where PCB-contaminated materials will be managed. 

In the specifications, the Remediation Contractor will also be required to 
conduct ambient air monitoring for PCBs. The results of this monitoring 
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POTENTIAL CHEMICAL HAZARDS
 

Compound 

Lead 

Copper 

Cadmium 

Chromium 

Chloro
d i p h e n y l 
(PCB) 

Route of 
Exposure 

Inha la t ion 
Ingestion 
Contact 

I n h a l a t i o n 
Ingest ion 
Contact 

Inhala t ion 
Inges t ion 

I n h a l a t i o n 
Inges t ion 

I n h a l a t i o n 
Absorption 
Inges t i on 
Contact 

Svmptons/Target Organs 

Can cause anemia, insomnia, anorexia, 
and abdominal pain. Can injure gastro
intestinal tract, central nervous system, 
kidneys, blood, and gingival tissue. 

PEL - 0.05 mg/m3 

Action Level - 0.03 mg/m3 

Can cause irritation of mucous 
membranes, pharynx, nasal perforation, 
eye irritation, metal taste and 
dermatitis. Can injure respiratory 
system, skin, liver and kidneys. 

PEL - 1 mg/m3 

Can cause pulmonary edema, dysphea, 
cough, tight chest, substernal pain, 
headache, chills, muscle aches, nausea, 
diarrhea, anomsia, emphysema, 
proteinurea and anemia. Suspected 
carcinogen. Can injure the respiratory 
system, kidneys, prostrate and blood. 

PEL - 0.2 mg/m3 (NIOSH 0.01 mg/m3) 

Can cause histologic fibrosis of the lungs. 
Suspected carcinogen. Can injure 
respiratory system. 

PEL - 1 mg/m3 

Hexavalent [Cr(+6>] - 1 ug/m3 

Can cause irritation to eyes and skin; 
dermatitis; jaundice, dark urine. 
Suspected carcinogen. Can injure skin, 
eyes and liver. 

PEL - 0.5 (mg/m3) (NIOSH 1.0 ug/m3 
10-hr TWA) 
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(particularly from the monitors around the CDF) will be incorporated into 
the SSHP to ensure that unacceptable ambient concentrations of PCBs are 
not reached. 

7.3 Air Emissions 

The contaminants of concern at the site include heavy metals and PCBs. 
Although there is some heavy metals in the contaminated sediments, the 
potential to emit these compounds is very low. Consequently, no ambient 
monitoring for metals is warranted. 

For the New Bedford Hot Spots remediation there will be two major 
potential emission sources of PCBs: the incinerator and the CDF. In 
addition there will be a number of deminimus sources, such as the 
incinerator feed system, wastewater treatment system and sediment 
handling operations. 

The incinerator will achieve a very high level of PCB destruction — at least 
99.9999% — and waste handling will be conducted to minimize emissions. 
Also, modeling of emissions from the CDF indicates that emissions will be 
small. However, to further ensure that PCBs do not endanger either on-site 
workers or people living and working around the site, monitoring and 
controls, if needed, will be incorporated into the specifications. 

7.3.7 Air Emission Monitoring and Controls 

An extensive monitoring system will be installed in and around the site. 
No engineered emission controls (i.e., foam application or sidewall covers) 
will be implemented at the start of remediation, but will be available in 
the event that elevated levels of PCBs are observed. 

The monitoring system will be configured like the network installed for 
the 1988-1989 Pilot Dredging and Disposal Study conducted by EPA and 
the USAGE. A minimum of four monitoring stations will be installed around 
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the CDF. There will also be three off-site monitors and one background 
monitor and a meteorological tower. 

Monitoring will be conducted to demonstrate that ambient concentrations 
of PCBs are below action levels established to protect human health. Two 
risk-based action levels will be used. The first is a short-term maximum 
level of 1 |ig/m3 and the second is a long-term average value of 64 ng/m3. 

The short-term action level is equal to the NIOSH 10-hour exposure limit 
for PCBs, treating PCBs as an occupational carcinogen. The long-term action 
level corresponds to a 10'6 cancer incidence risk associated with exposure 
during remediation for 24 hours-per-day for 6 months. 

In the event that the action levels are exceeded due to emissions from the 
CDF or other equipment, corrective action will be warranted that could 
include operational changes to reduce emissions and physical controls, such 
as foam application or installation of side wall covers for the CDF. The 
specific measures that would be implemented will be designed and 
included as part of the Remediation Contractor's contingency plan for the 
site. 

The basis for the monitoring system and control measures for the CDF are 
based in large part on earlier ambient air monitoring studies conducted in 
New Bedford and on emission modeling performed by ERM and USAGE 
Waterways Experiments Station (WES). Provided below are summaries of 
this work. Also presented are the Massachusetts' ambient standards for 
PCBs and the Decision Criteria used by EPA during the 1988-1989 Pilot 
Dredging and Disposal Study. 

7.3.2 Ambient Air Monitoring Studies 

There have been three ambient extensive air monitoring studies completed 
in the New Bedford area for PCBs. A brief summary of each is provided 
below. 
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1982-GCA Report 

In 1982, GCA Corporation Technology Division (EPA Contract No. 68
02-3168) completed an ambient monitoring program for EPA. It 
showed that the average ambient levels of PCBs in New Bedford was 
approximately 10 ng/m3. 

1986-NUS Report 

In September of 1985, NUS conducted an extensive ambient air 
monitoring program for particulates, metals and PCBs. A total of 45 
PCB samples were collected from four monitoring locations along the 
Acushnet River Estuary. 

This study confirmed GCA's conclusion that background or average 
ambient concentration of PCBs in the New Bedford area is 
approximately 10 ng/m3. Also, very high levels of PCBs were 
observed at a sampling location (Location 2) near the Hot Spot. At 
low tide, ambient concentrations of PCBs near the Hot Spot ranged 
from 196 to 471 ng/m3. The concentration decreased by about 50% 
at high tide when some or all of the mud flats at the Hot Spot were 
covered by water. Concentrations observed at the other sampling 
locations were significantly lower than near the Hot Spot, but were 
also elevated. 

ERM believes that the high levels of PCBs observed by NUS were 
caused by the large source area and exposed sediments in the Hot 
Spot (see Appendix G). 

1990-EBASCO Report 

EBASCO conducted an air monitoring program in conjunction with the 
1988-1989 Pilot Dredging and Disposal Study managed by the 
USAGE. The study was done to evaluate dredging and disposal 
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methods and was conducted using sediments with relatively low 
levels of PCBs (averaging less than 500 ppm). 

EBASCO monitored ambient PCB concentrations in the air at four 
locations around the CDF and at one background location. They also 
collected meteorological data, including wind speed and direction and 
precipitation rates, and measured ambient levels of heavy metals, 
hydrogen sulfide (HiS) and volatile organic compounds (VOCs). The 
study showed no elevated levels of metals, H2$, VOCs or PCBs. 

PCB concentrations in the air in the vicinity of the CDF ranged from 4 
to 8 ng/m3. This is similar to earlier average ambient levels of about 
10 ng/m3 measured by GCA and NUS. The highest concentration 
observed was 26.7 ng/m3 at the background sampling location north 
of the CDF toward the Hot Spot. 

In addition to the actual sampling and analysis work completed by 
EBASCO, the report provided two action levels, referred to as Decision 
Criteria, set to ensure that PCB emissions would not endanger human 
health. The first was a maximum daily value of 10 fig/m3 based on 
the 10-day Health Advisory developed by EPA to protect against the 
non-carcinogenic effects of PCBs. The second was a more stringent, 
long-term average value of 64 ng/m3. This value was risk-based 
and corresponds to a 10~6 cancer risk. The NIOSH 10-hour exposure 
limit was not used. 

At no time were either of the Decision Criteria exceeded. In fact, the 
highest measured concentration of PCBs was 26.7 ng/m3 (at the 
background location), or only about one-half of the more stringent 
long-term action level of 64 ng/m3. 
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7.3.3 Emission Modeling and Testing 

ERM and USAGE WES have estimated the emission rates that may result 
from the CDF during the Hot Spot remediation. WES also conducted a 
laboratory assessment of PCB volatilization rates. 

ERM and WES estimated PCB emission rates from the CDF and the resulting 
ambient concentrations by first predicting the volatilization of PCBs from 
the CDF into the air and then by modeling the dispersion of PCBs. Although 
a number of different models were used, there was general agreement — 
that is, between one and two orders of magnitude — among the predicted 
ambient levels of PCBs. Using conservative assumptions, the maximum 
24-hour concentrations ranged from 46 to 200 ng/m3 and a maximum 
annual average of 29 ng/m3 were predicted. 

In addition to the modeling, the engineers at WES also conducted a 
laboratory assessment of PCB volatilization rates. Their testing showed 
emission rates and corresponding ambient PCB concentrations of about two 
orders of magnitude less than predicted by the models under low wind 
speed conditions. 

7.3.4 Ambient Standards for PCBs 

Massachusetts has two ambient standards for PCBs in air. The first is a 24
hour average Threshold Effects Exposure Limit (TEL) of 3 ng/m3 (0.003 
| ig /m 3 ) . The second standard is an allowable annual average 
concentration of 0.5 ng/m3 (0.0005 (ig/m3). This corresponds to a 10~6 

risk based on a lifetime of exposure. 

In addition to these Massachusetts' standards, EPA developed a 10-day 
Health Advisory of 10 |J.g/m3 for short-term exposure. As discussed 
earlier, this value was used by EPA as their Decision Criteria for short-term 
exposure during the Pilot Dredging and Disposal Study and was set to 
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protect against the acute, non-carcinogenic effects associated with 
exposure to PCBs. 

For occupational exposure there are three OSHA/NIOSH standards. The 
first two are OSHA standards set to protect against non-carcinogenic risk 
due to exposure to the skin. For PCBs with 42% chlorine, the standard is 1 
mg/m3 and for PCBs with a higher chlorine content (54%), the standard is 
0.5 mg/m3. The third standard is the NIOSH 10-hour exposure limit of 1 
[ig/m3 (0.001 mg/m3). This more stringent NIOSH standard was set 
because PCBs are considered an occupational carcinogen. 

Besides these Massachusetts, EPA and OSHA/NIOSH standards, there are a 
number of others being used. For example, New York State's Air Toxics 
program sets a short-term limit of 100 ng/m3 (0.1 jig/m3) and a long-
term limit of 0.45 ng/m3 (0.00045 |ig/m3). Also, the 1986 NUS report 
referenced a Canadian guideline of 150 ng/m3 for 24-hour exposure and 
an allowable annual mean value of 35 ng/m3. 

7.3.5 Basis for Ambient PCB Action Levels 

First, it is not possible to meet either of the Massachusetts ambient air 
standards for PCBs during remediation because the background levels of 
PCBs in New Bedford are much greater than both the short- and long-term 
standards. In fact, the background concentration of PCBs in the New 
Bedford area of around 10 ng/m3 corresponds to a carcinogenic risk of 
2.2 x 10'5. Therefore, it is appropriate to set allowable ambient 
concentrations of PCBs for the remediation that are above the state's 
standards but still protective. 

The short-term action level that ERM has proposed is equivalent to the 
NIOSH standard for carcinogenic effects due to PCB exposure. This level is 
also one-tenth the value of the short-term Decision Criteria in the earlier 
EPA/USACE pilot dredging study. 
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The long-term action level is set to address the carcinogenic risks. The 
background concentration of PCBs in New Bedford causes a lifetime 
carcinogenic risk of 2.2 x 10~5. Exposure during remediation to PCBs in the 
air at a concentration of 64 ng/m3 adds an incremental lifetime risk 
of 10~6(see calculations in Appendix G). This incremental increase in 
risk is small in comparison to the risk caused by lifetime exposure to the 
background ambient concentrations of PCB in New Bedford and, therefore, 
the long-term standard of 64 ng/m3 is protective. 

Modeling conducted by ERM and WES and also the WES laboratory study, 
which represents conservative estimates, showed that ambient 
concentrations resulting from emissions from the incinerator and CDF will 
be below the action levels. Short-term ambient concentrations of PCBs 
from the CDF should be below 200 ng/m3 — about five times less than the 
short-term action level. The long-term average concentrations of PCBs 
should be below 29 ng/m3 — about 1/2 of the long-term action level set to 
address the carcinogenic risks. 

In addition to the action levels, engineering controls (foam suppression and 
side wall covers) will be designed and included as part of the Remediation 
Contractor's contingency plan. Should the action levels be exceeded, the 
pre-designed controls would be implemented. 

7.3.6 Basis for the Number and Location of the Ambient Air Monitors 

As mentioned, there will be two major potential emission sources of PCBs 
at the site, the CDF and incinerator, and a number of other deminimus 
sources. To demonstrate that ambient concentrations of PCBs do not 
endanger human health (that is by showing that the protective action 
levels are not exceeded), a series of monitors will be installed in and 
around the site. 

First, to demonstrate that emissions from the CDF and other potential on-
site sources do not pose a threat, four monitors will be installed around the 
CDF. This will allow emissions, if present, to be detected in any wind 
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direction. Also, these monitors will be used in the Remediation 
Contractor's Safety and Health Program to provide information for 
occupational exposure. 

Second, to demonstrate that there is no unacceptable risk posed off-site 
from the incinerator and the other potential emissions sources, three off-
site monitors will be installed. These monitors will be placed at locations 
that correspond to the maximum possible off-site PCB concentrations from 
the incinerator (i.e., the plume touch-down point). Because the 
Remediation Contractor will determine where the incinerator will be sited 
and will also set operating conditions, like stack height and exit velocities, 
that can affect emission rates and contaminant transport, the location of 
the three monitoring points will be determined by the Remediation 
Contractor using models. This will be done after site-specific information 
is available. The siting of monitors will be in accordance with EPA's 
guidance, including Ambient Monitoring Guidelines for Prevention of 
Significant Deterioration, EPA-450/4-87/007. 

7.3.7 Basis for the Meteorological Station 

To provide necessary data to help locate the three off-site monitors and to 
also provide data throughout the remediation to help predict ambient PCB 
concentrations, site-specific meteorological data is needed. Consequently, 
an on-site meteorological station will be installed. It will be used to collect 
data on wind speed and direction, temperature, precipitation, humidity, 
and atmospheric pressure. It will also have an appropriate data logging 
system. 

7.3.5 Basis for the Ambient Monitoring Frequency and Sampling Time 

The frequency and duration of monitoring must be such that it can 
demonstrate that ambient concentrations of PCBs do not exceed either the 
long-term average or short-term 10-hour action levels. To do this, four 
distinct monitoring phases are needed. 
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First, prior to the start of remedial activities at the site which could result 
in PCB emissions, a four-week monitoring program is needed to establish 
baseline conditions. The sampling time for this will be 24 hours. This will 
allow average daily ambient PCB concentrations to be determined. 

The second phase of the ambient monitoring program is at the start of the 
dredging operations when the CDF will be used for sediment storage and 
the wastewater treatment system will be operational. Because this will be 
the first time highly contaminated sediments will be managed in large 
volumes, and also because the CDF will be uncovered, an intensive 
sampling program is needed. To provide data to correlate cleanup 
activities with observed ambient PCB concentrations, a relatively short 
sampling time is also needed. 

Consequently, the second phase of the ambient monitoring program will be 
conducted for three weeks coinciding with the start of dredging. Samples 
from the on-site monitors will be collected every eight hours to correspond 
to the various cleanup activities, such as filling the CDF, sediment settling 
and dewatering. Samples will also be collected daily from the three off-
site monitors. The three-per-day, eight-hour samples are not needed at 
the off-site monitors because the on-site monitors will provide the 
necessary data to allow the correlation between cleanup activities and the 
resulting ambient PCB concentrations. 

The third phase of monitoring required is longer term during the operation 
of the CDF, dredge, incinerator and other equipment. This will be 24-hour 
sampling conducted twice-per-week on-site and once-per-week at the 
three off-site monitors. 

The fourth and final phase of the monitoring program will be conducted 
during closure activities to demonstrate that ambient PCB concentrations 
are below the action levels. 

The 
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7.3.9 Basis for the PCB Action Levels and Emission Controls 

To ensure that the long-term average ambient PCB concentration of 64 
n g / m  3 and the short-term 10-hour concentration of 1 p.g/m3 are not 
exceeded, a series of action levels will be set. Also, should these action 
levels be reached, the Remediation Contractor will be required to 
implement corrective action measures. 

For long-term exposure, a three-step process will be followed to ensure 
that ambient concentrations are kept below 64 jig/m3. First, if ambient 
concentrations are measured above 50 ng/m3 (an action level set just 
below the allowable long-term concentration of 64 ng/m3) in any one 
sampling event, the Remediation Contractor will be required to notify the 
Contracting Officer and to also provide an explanation of why the elevated 
ambient concentration was observed. One measurement at an action level 
of 50 ng/m3 does not mean that the long-term concentration of 64 ng/m3 

will be exceeded, but it does warrant appropriate action. 

The second step in the process to ensure that the long-term ambient 
concentration is acceptable is to take further action in the event that 50 
ng/m3 is observed in two or more sampling events. If this occurs, it is an 
indication that longer term concentrations could be elevated and that 
additional controls may be warranted. If this happens, the Remediation 
Contractor will be required to notify the Contracting Officer and propose 
operational changes, such as changing dredging rates, to control emissions. 
The Contracting Officer could then, at his or her discretion, require the 
operational changes to be made. 

The third and final step in the process to control long-term ambient 
concentrations is to take further action should ambient concentrations of 
above 50 ng/m3 be observed in more that 5 out of 10 sampling events. If 
this happens, it is an indication that some type of operational or physical 
emission controls may be needed. The Remediation Contractor will be 
required to take the same action as in the second step of the process but 
will also be required to provide a plan to implement physical emission 
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controls. The Contracting Officer could then, at his or her discretion, 
require the operational or physical controls to be made. 

For short-term exposure, a two-step process will be followed to ensure 
that ambient concentrations are below the NIOSH 10-hour standard of 1 
}ig/m3. First, if ambient concentrations of 0.5 jig/m3 (one-half of the 
standard) are observed, the Remediation Contractor shall notify the 
Contracting Officer, explain why the elevated emissions were observed and 
also be prepared to implement immediate operational changes to control 
emissions. The second step is to implement physical emission controls, as 
well as operational controls, in the event that any ambient concentration 
reaches the 1 {ig/m3 standard. 

7.4 Site Maintenance 

Site maintenance throughout the remediation period must ensure 
compliance with the requirements for wastewater treatment systems and 
the requirements for hazardous waste management provided in 40 CFR 
264, Subpart F (Releases from Solid Waste Management Units), Subpart G 
(Closure and Post Closure), Subpart N (Landfills), Subpart O (Incinerators) 
and the corresponding state regulations. The general requirements of 
these ARARs has been discussed periodically under Section 5.0. Discussed 
below are the specific items related to site maintenance. 

7.4.7 Operations 

During the period that the remediation is underway, the Remediation 
Contractor's activities will be conducted in compliance with the 
requirements for wastewater treatment systems and the requirements for 
hazardous waste management provided in 40 CFR 264, Subpart B (General 
Facility Standards), Subpart C (Preparedness and Prevention), Subpart D 
(Contingency Plan and Emergency Procedures) and Subpart E (Manifest 
System, Recordkeeping, and Reporting) and the corresponding state 
regulations. Specific requirements of these have already been outlined in 
Section 5.0. 
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7.4.2 Closure of Treatment System 

As discussed previously, the proposed remedy for this operable unit 
includes dredging, wastewater treatment, incineration, ash handling, and 
placement of the ash material in the CDF and capping of the CDF. Many of 
the components of the system are temporary. The only facilities that will 
remain on-site after closure of the system are the decommissioned 
wastewater treatment plant and the capped and closed CDF. The other 
components of the remedy will be decommissioned, cleaned, and 
transported off-site. The wastewater treatment facility is being left on-
site so that it may be incorporated into the remedy of other operable units, 
as appropriate. 

As part of the Closure Plan for the remediation, after the Remediation 
Contractor has removed all temporary facilities from the site, a series of 
samples will be collected of the remediation area to ensure that the areas 
outside of the CDF are clean. As indicated in the specifications, the site will 
then be regraded and seeded to minimize erosion. 

7.4.3 Post Closure 

The requirement of post closure maintenance and monitoring will be the 
responsibility of USACE-NED. Presently, the USACE-NED is responsible for 
periodic monitoring of the existing monitoring wells around the CDF. No 
additional monitoring wells are proposed under this program. This 
monitoring will ensure that the material placed in the CDF is not leaching 
toward the estuary. 

Another improvement of the CDF cell monitoring program will be the 
monitoring well placed in the center of the cell. This monitoring well is 
available for periodic monitoring of the volume of leachate that has 
collected in the cell. Increases in leachate volume would be indicative of 
rainfall penetrating through the cover. In addition, this monitoring well 
could be used as an extraction point to remove excess leachate, if 
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necessary. Under these conditions, the leachate could be treated on-site or 
trucked off-site for treatment. 

The grass cover of the CDF and remediation area will also need to be 
maintained periodically. The USACE-NED will need to cut the grass 
periodically (anticipate at least monthly during the growing season). Also, 
the fence around the site will need to be maintained to ensure that 
unauthorized personnel do not enter the site. The wastewater treatment 
building and equipment will also need to be inspected periodically 
(anticipate monthly) to ensure that the equipment is maintained. Special 
maintenance requirements of equipment stored in the wastewater 
treatment building will be provided by the Remediation Contractor as a 
submittal during the review of the proposed equipment. 
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APPENDIX A 

ERM TREATABILITY STUDY 

1.0 ERM TREATABILITY STUDY 

Previous work performed by the USAGE identified a number of areas to be 
investigated further to provide necessary design information. These areas 
included: 

•	 Would an inorganic chemical be more efficient at removing 
suspended solids? 

•	 What would be the settling characteristics of this material? 

•	 Could the suspended solids concentrations of the wastewater be 
better controlled? 

•	 Would the performance of the carbon adsorption and 
UV/oxidation systems be improved with better suspended solids 
control? 

•	 Which polishing system (carbon adsorption or UV/oxidation) 
would be more effective at achieving effluent goals? 

This appendix details the procedures and methods that ERM used to 
perform the additional treatability studies required to address these 
questions. The studies evaluated sediment settling, flocculation, filtration, 
carbon adsorption and UV/oxidation systems to further develop detailed 
design requirements and allow the project to proceed in a timely fashion. 

Although this study addressed only the treatability of the CDF elutriate, 
the results are applicable to the treatability of filtrate flows from sediment 
dewatering, since these wastewaters have similar characteristics. 
Incinerator blowdown may be treated separately by an evaporation 
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system which will be included as part of the incinerator and air pollution 
control system or will be treated with the treatment system separately 
from dredging flows. 

2.0 OVERVIEW 

The ERM Treatability Study involved a series of tests on sediment and 
water samples dredged by the USAGE from the Hot Spot area. Sediment 
and water samples were collected (between December 17 and 20, 1990) by 
Normendeau Associates, subcontractor to USACE-NED, and forwarded to 
ERM's treatability laboratory in Exton, Pennsylvania. The approximate 
sample collection locations are shown by Figure A-l. Eight 30-gallon 
drums of sediment and water were forwarded to ERM. The drums were 
identified XY-Z by Normendeau Associates in the field, where X designates 
the area collected from, Y designates the sample and Z designates the 
number of the drum collected at that spot. Drums not used for the 
treatability study were used for the test burn. Tests were performed 
independently for each proposed wastewater treatment system unit 
process to determine optimum design parameters and establish operating 
conditions. 

The treatability study was performed in two phases. The first phase 
consisted of settling, flocculation and filtration testing. This phase was 
performed from January 7 through 11, 1991 and focused on removing 
solids from the wastewater. The second phase focused on the dissolved 
PCBs. The second phase was performed from January 28 through 30, 
1991, after the Phase 1 analytical data was reviewed. Review of the 
analytical data allowed the second phase of testing to evaluate subsequent 
treatment units using the most effective method of removing solids as 
determined in the Phase 1 studies. The second phase testing also verified 
data generated during the first phase. 

The suspended solids contain a substantial portion of the PCBs and heavy 
metals in the wastewater. The subsequent treatment units (i.e., carbon 
adsorption or UV/oxidation) are more effective in removing dissolved PCBs 
and are adversely effected by elevated suspended solids concentrations. 
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Therefore, the ERM Treatability Study focused primarily on optimizing the 
removal of suspended material from the wastewater to ensure efficient 
and effective treatment of the dissolved PCBs using the subsequent 
treatment processes. 

The	 results of the ERM Treatability Study are summarized below. 

3.0 INITIAL DRUM CONCENTRATIONS 

Drum No. B3-2 was thoroughly mixed and a representative sample 
collected for analyses to determine baseline concentrations for parameters 
of concern. The results of these analyses are presented in Table A-l. 
Additional sampling of other drum concentrations was not performed as 
the concentrations in this drum were determined to be consistent with 
previously collected field data for the Hot Spot Area. 

3.1 Preparation of Elutriate 

Representative samples simulating effluent characteristics from the CDF 
were prepared as follows: 

1.	 Drum Nos. B3-4, A2-2, A2-4, and B3-3 were thoroughly mixed 
(for at least 5 minutes) and then allowed to settle for 
approximately 7 hours. Floating debris and oil was then 
removed from the liquid surface in these drums. Elutriate was 
then transferred from the four drums into a clean 55-gallon 
d rum. 

2.	 Prior to removing any elutriate samples from the composite 55
gallon drum, the drum was completely mixed for a minimum of 
five minutes using a tube mixer. 

Contaminant concentrations in the elutriate 55-gallon composite drum are 
presented in Table A-2. The data indicates that the total suspended solids 
(TSS) concentrations in this drum are representative of elutriate after 
approximately two to three hours of settling. The elevated TSS values of 
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TABLE A-l 
INITIAL DRUM CONCENTRATIONS 

CONTAMINANT CONCENTRATION 
DRUM NUMBER PCB Cd Cr (6+) Cu Pb Ni Zn PAH** TSS ALKALINITY 

B3-2 
(ue/D
26,000

 (us/1)
 3,080

 (US/1) 
 7,340 

(UB/1 )
68,600

 (us/1) 
 38,100 

(US/1) 
6,270 

(US/1)
17,600

 (ng/1) 
 23 

(mg/1)
64,840

 (mg/1) 
 368 

SAMPLE NUMBER IDC-1 
Blank ND NO ND ND 1 ND 4 ND 8 7 

SAMPLE NUMBER IDC-2 

** PAH VALUES BELOW QUANTITATION LIMITS 



TABLE A-2 
ELUTRIATE DRUM CONCENTRATIONS 

ELUTRIATE CONTAMINANT CONCENTRATION 
DRUM NUMBER 

1 

PCB
( H R /  n

810 

Cd 
( U K / 1  ) 

17 

Cr (6+) 
( U R / 1  ) 

264 

Cu 
( U K /  D 

694 

Pb 
( H R /  D 

762 

Ni 
( U K / I  )

730 

Zh
(uE/n
1,940 

PAH 
< U R /  n 

3* 

TSS 
(mg/0 

588 

ALKALINITY 
(mR/1) 

224 

SAMPLE NUMBER EDC-1 
1 940 15 257 754 690 210 2,230 6* 604 232 

SAMPLE NUMBER EDC-2 
1 16,800 NA NA NA NA NA NA NA NA NA 

SAMPLE NUMBER EDC-2 1 
2 49,000 9 201 708 719 216 2,080 128 557 NA 

SAMPLE NUMBER EDC-22 
2 49,000 10 200 661 783 150 1,990 87 525 NA 

SAMPLE NUMBER EDC-23 
* PAH VALUES BELOW QUANTITATION LIMITS 
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the elutriate composite drum likely resulted from collecting elutriate 
samples from close to the interface of the settled sediments. The elevated 
solids in the treatability study will be more representative of system 
operation as the CDF fills up with solids. 

3.2 Floating Oil Removal 

Subsequent to the performance of the treatability studies the USEPA 
Narragansett Laboratory, working for the US ACE-NED, performed analyses 
of the floating oil generated during removal of PCB-contaminated 
sediments. These tests indicated that the floating oil contained high 
concentrations (better than 50%) PCBs. To reduce the PCB concentrations 
in subsequent wastewater treatment steps, in addition to minimizing 
volatilization of PCBs from the CDF, the floating PCB material should be 
removed immediately from the wastewater. We currently envision that 
floating absorbant booms will be placed on the CDF to collect this material. 

4.0 PHASE 1 TESTING 

4.1 Initial Settleabilitv Test 

After mixing drum No. B3-2 completely, two samples were drawn and 
placed in 1-liter graduated cylinders. The completely mixed samples were 
then allowed to gravity settle with the solids/liquid interface level 
monitored versus time. The interface levels are presented in Table A-3, 
and a plot of the interface level versus time is provided as Figure A-2. 

Each time an interface level was recorded, a sample was drawn from drum 
No. B3-2 at a level above the interface. These samples were then analyzed 
for total suspended solids concentrations. Plots of total suspended solids in 
the elutriate versus time are presented as Figures A-3 and A-4. 

4.2 Chemical Addition/Flocculation 

Flocculation tests were performed in two stages. The first stage identified 
flocculant and polymer doses effective at removing solids based on visual 
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TABLE A-3
 
INITIAL SETTLING CHARACTERISTICS
 

APPROXIMATE TIME ACTUAL ELAPSED PARAMETER SAMPLE NO. COMMENTS 
ELAPSED TIME TIME 

(MIN/HRS) 

0 MUM. 8:16 0 SUPERNATANT (TSS) ISC-0 64,840 

INTERFACE LEVEL (ML) 1,000 1,000 

5 MIN. 8:20 4 SUPERNATANT (TSS) ISC-5 -

INTERFACE LEVEL (ML) 800 800 

10 MIN. 8:26 10 SUPERNATANT (TSS) ISC-10 -

INTERFACE LEVEL (ML) 650 650 

15 MIN. 8:31 15 SUPERNATANT (TSS) ISC-15 . 

INTERFACE LEVEL (ML) 560 560 

30 MIN. 8:46 30 SUPERNATANT (TSS) ISC-30 2,410 

INTERFACE LEVEL (ML) 470 470 

45 MEN. 9:01 45 SUPERNATANT (TSS) ISC-45 . 

INTERFACE LEVEL (ML) 430 430 

1 HR. 9:16 1 SUPERNATANT (TSS) ISC-60 660 

INTERFACE LEVEL (ML) 410 410 

2HR. 10:16 2 SUPERNATANT (TSS) ISC-120 460 

INTERFACE LEVEL (ML) 360 360 

3HR. 11:16 3 SUPERNATANT (TSS) ISC-180 300 

INTERFACE LEVEL (ML) 340 340 

4HR. - - SUPERNATANT (TSS) ISC-240 _ 

INTERFACE LEVEL (ML) - -

5HR. 1:24 5.125 SUPERNATANT (TSS) ISC-300 236 

INTERFACE LEVEL (ML) 320 320 

6 HR. 2:16 6 SUPERNATANT (TSS) ISC-360 180 

INTERFACE LEVEL (ML) 315 315 

7HR. 2:16 7 SUPERNATANT (TSS) ISC-420 236 

INTERFACE LEVEL (ML) 310 310 

8 HR. 4:16 8 SUPERNATANT (TSS) ISC-480 232 

INTERFACE LEVEL (ML) 310 310 

9HR. SUPERNATANT (TSS) ISC-540 220 

INTERFACE LEVEL (ML) - -
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FIGURE A-2 
HOT SPOT SEDIMENT 
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FIGURE A-3
 
ELUTRIATE TOTAL SUSPENDED SOLIDS VS. TIME
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FIGURE A-4
 
ELUTRIATE TOTAL SUSPENDED SOLIDS VS. TIME
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observation of the samples after settling. The second stage involved 
optimizing flocculant and polymer doses identified in the first stage and to 
confirm the visual determinations with analytical results. 

4.3 Stage 1 Flocculation Tests 

During the first stage flocculation tests the following polymers and 
flocculants were evaluated: 

1. Cat-Floe TS (Calgon) 
2. Cat-Floe LS (Calgon) 
3. Magnifloc 1596C (American Cyanamid) 
4. Magnifloc 1598C (American Cyanamid) 
5. Magnifloc 1839A (American Cyanamid) 
6. Alum 
7. Ferric Chloride 

8. Lime 

9. Ferrous Sulfate 

During the first stage flocculation test various combinations of selected 
polymers and inorganic coagulants were evaluated. Synthetic polymer and 
inorganic chemical combinations of various dosages were mixed with 
elutriate samples to evaluate effectiveness. Flocculants were added to the 
beakers filled with elutriate and the solutions mixed at approximately 100 
rpm for a minimum of 15 seconds to simulate rapid mixing. Samples were 
then flocculated for fifteen minutes using a Philipps and Bird paddle mixer 
turning at approximately 6 rpm. After flocculation, the solutions were 
allowed to settle for approximately fifteen minutes. At the end of the 
fifteen minute settling time, the samples were visually evaluated to 
determine removal effectiveness. 

Inorganic chemicals were evaluated individually, as well as in 
combinations with the most promising polymers. Organic polymers tend to 
foul micro-filtration unit membranes (considered as a part of the 
treatment process). Therefore emphasis was placed on identifying 
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efficient inorganic polymer doses. The results of the visual observations of 
the various doses of inorganic polymers are summarized in Table A-4. 

4.4 Stage 2 Flocculation Tests 

During the final Stage 2 flocculation tests, elutriate samples were dosed 
with the flocculants in concentrations determined to be effective during 
the Stage 1 settling tests. Solutions were flocculated and then settled for a 
period of fifteen minutes. Supernatant was carefully decanted from each 
beaker to minimize resuspension of settled material. To generate 
sufficient decant sample for the required analytical analyses, three 1,000 
ml beakers were required for each flocculant dose. The decants were then 
mixed and the combined solution used for the required analytical analyses. 

Initial chemical dosages, final suspended solids and other specified data for 
each flocculant dose are presented as Runs 1 through 14 in Table A-5. 

4.5 Filtration 

The filtration analyses were designed to simulate sand filter and 
microfilter effectiveness in reducing solids concentrations for clarified 
wastewaters. 

Samples were dosed with the appropriate concentrations of flocculant. 
Initial values of the contaminant concentrations are indicated in Table A-5. 
Supernatant samples from the settled samples were prepared and filtered 
through membranes with 10 (representative of sand filters) and 2.5 
(representative of microfilters) micron particle retention. The 10 micron 
filter was fabricated with nylon while the 2.5 micron filter was fabricated 
with glass fibers. Glass fiber filters are preferred as they minimize the 
amount of PCBs absorbed onto the filter media. However, nylon filters 
were used when glass filters were unavailable. The results of these tests 
are presented in Table A-6. 
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TABLE A-4
 
PRELIMINARY FLOCCULANT ADDITION OBSERVATIONS
 

FLOCCULANT ADDITION POLYMER ADDITION RAPID SPEED FLOCCMDC 
ELUTRIATE 
DRUMNOl 

PLOCCULANT 
ADDED 

CONCOFFLCCC. 
ADDED fMG/L) 

FLOCCULANT 
VOLUME 

SOLUTION 
VOLUME 

FINAL DOSING 
RATE fppm) 

POLYMER 
ADDBD 

CONCENTRATION OF 
POLYMER ADDED 

POLYMER 
VOLUME 

SOLUTION 
VOLUME 

FINAL DOSING 
RATE 

TIME (SEC) 
FULL SPEED 

TIME (MIN) 
6RPM 

OBSERVATIONS 

1 ALUM 1% 1 ml 1000 ml ERR9 I  S 15 SUPERN ATENT NOT CLEAR 

1 ALUM 1% 2 ml 1000 ml 15 15 SUPERNATENT NOT CLEAR 

1 ALUM 1« i ml 1000 ml I  S 15 BULKY SLUDGE 
GOOD FLOC FORMATION 

1 ALUM 1% 10 ml 1000 ml 15 15 BULKYSLUDGE 
SUPERNATENT NOT CLEAR 

1 ALUM 1% 20 ml 1000 ml 15 15 SUPERNATENTNOT CLEAR 
BULKY FLOC 

1 ALUM 1* 50 ml 1000 ml 15 13 SUPERNATENT NOT CLEAR 
OVERDOSE 

1 FERRROUS SULFATB 1% 1 ml 1000 ml 15 15 NO FLOC FORMATION 
SUPERNATENT NOT CLEAR 

1 FERRROUSSULFATB 1% 2 ml 1000 ml 15 15 NO FLOC FORMATION 
SUPERNATENT NOT CLEAR 

1 FERRROUS SULFATE 1* i ml 1000 ml 15 15 NO FLOC FORMATION 
SUPERNATENT NOT CLEAR 

1 FERRROUS SULFATB 1% 10 ml 1000 ml 15 15 NO PLOC FORMATION 
SUPERNATENT NOT CLEAR 

1 FERRROUS SULFATE 1* 20 ml 1000 ml 15 15 NO PLOC FORMATION 
SUPERNATENT NOT CLEAR 

1 FERRROUS SULFATE 1* 50 ml 1000 ml 15 15 NO FLOC FORMATION 
SUPERNATENT NOT CLEA R 

1 FERRROUS SULFATE 1* 20 ml 1000 ml 15 15 NO FLOC FORMATION 
SUPERNATENT NOT CLEAR 

1 FERRROUS SULFATE 1% 30 ml 1000 ml 15 15 NO FLOC FORMATION 
SUPERNATENT NOT CLEAR 

1 LIME 1* 1 ml 1000 ml 15 15 NO FLOC 

1 LIME 1* 2 ml 1000 ml 15 15 NO PLOC 

1 LIME I* 5 ml 1000 ml 15 15 NO FLOC 

1 LIME 1* 10 ml 1000 ml 15 15 PIN FLOC FORMATION 

1 LIME 1% 20 ml 1000 ml 15 15 PIN FLOC FORMATION 
CLEAR SUPERNATENT 

1 LIME 1% 50 ml 1000 ml 15 15 BULKYSLUDGE 
CLEAR SUPERNATENT 

1 LIME 1* 20 ml 1000 ml 15 15 WELL SETTLED SLUDGE 
CLEAR SUPERNATENT 

1 LIMB 1% 25 ml 1000 ml 15 15 CLEAREST LIME SUPERNATENT 

1 LIMB 1* 30 ml 1000 ml 15 15 CLEAREST LIME SUPERNATENT 

1 LIME 1% 40 ml 1000 ml 13 15 CLEAR SUPERN ATENT GREATER 
VISIBLE SUSPENDED SOLIDS 

1 PERRK CHLORIDE 40* 5 ml 1000 ml 15 15 FINE FLOC 
MURKY SUPERNATENT 

1 PERRC CHLORIDE 40% 10 ml 1000 ml 15 15 FINE FLOC 
MURKY SUPERNATENT 

1 FERRi: CHLORIDE 40% 1ml 1000 ml 15 15 RAPID SETTLING 
SUPERNATENT NOT CLEAR 

1 PERRC CHLORIDE 40* 2 ml 1000 ml 15 15 OVERDOSE 

1 PERRC CHLORIDE 40% 3 ml 1000 ml 15 15 OVERDOSE 

1 PERRC CHLORIDE 40% 02 ml 1000 ml 15 15 CLEAR SUPERNATENT, BULKY FLOC 
SLIGHTLY YELLOW SUPERNATENT 

1 FERRKCHLORIDB 40* 03 ml 1000 ml 15 15 CLEAR SUPERNATENT, BULKY FLOC 
SLIGHTLY YELLOW SUPERNATENT 

I FERRT CHLORIDE 40* 05 ml 1000 ml 15 15 POOR SETTLING 

1 FERRC CHLORIDE 1* 1 ml 1000 ml 15 15 CLEAR SUPERNATENT 
BULKY FLOC 

1 FERRIC CHLORIDE 1% 2 ml 1000 ml 15 15 OVERDOSE 

1 FERRIC CHLORIDE 1* 05 ml 1000 ml 15 15 POORSETTUNO 



TABLE A-5 
FLOCCULANT ADDITION WORKSHEET 

FLOCCULANT ADDITION POL! (MER 1 ADDITION POLYMER 2 ADDITION 

FLOCOJLANT FLOCCULANT FLOCCULANT SOLUTION FINAL DOSING POLYMER POLYMER POLYMER SOLUTION FINAL DOSING POLYMER POLYMHR POLYMER SOLUTION FINAL DOSING RAPID SPEED 
RUN NO. AECED CONCENTRATION VOLUME VOLUME RATE AIDED CONCENTRATOR VOLUME VOLUME RATE AECED CONCENTRATION VOLUME VOLUME RATE TIME 

(GM/L1 (ML) (ML) (PPM) (OM/L)' (ML) (ML) (PPM) (GM/L) (ML) (ML) (PPM) (SEC) 

1 ALUM 5.13 5 1005 26 15 

2 ALUM 5.13 10 1010 51 15 

3 LIMB 9.96 20 1020 195 15 

4 LIME 9.96 30 1030 290 15 

5 LIME 9.96 25 1025 243 15 

6 BLANK 15 

7 LIME 9.96 40 1040 3S3 15 

8 Fe<Cl)3 6.00 1 1001 6 15 

9 Pc(Cl)3 6.00 1.5 1001.5 9 15 

10 Fe(Cl)3 6.00 0.8 1000.8 5 15 

1 1 ALUM 5.00 5 1005 25 MAGNIFLOC 1596 C 10.00 1 1006 9.94 15 

12 ALUM 5.00 5 1005 25 CATFLOCLS 10.00 1 1006 9.94 15 

13 LIME 9.96 25 1025 243 CATFLOCTL 10.00 1 1026 9.75 15 

14 LIME 9.96 25 1025 243 MAGNIFLOC 1598 C 10.00 I 1026 9.75 MAGNIFLOC 1839 A 0.01 1 1000 0.01 15 

15 ALUM 5.00 10 1010 49 15 

16 ALUM 5.00 5 1005 25 MAGNIFLOC 1596 C 10.00 10 1015 98.52 15 

17 ALUM 5.00 5 1005 25 CATFLOCLS 10.00 10 1015 98.52 15 

. . .IS ALUM 5.00 5 1005 25 15 



TABLE A-5 (CONT.)
 
FLOCCULANT ADDITION WORKSHEET
 

SAMPLING CONTAMINANT CONCENTRATION 
RUN NO. TIME 

(MIN) 
TSS 

(MO/L) 
PCB 

(ut/L) 
Cd Cu 

(Ut /L ) 
Pb Ni Zn 

(u t /L) 
Al

(ut/L)
 PAH" 

 (u t /L) 
TD6 

(MO/L) 
pH ALKANTTY 

(MO/L) 

1 15 5 320 5 3 6 7.1 23 51 NT 4 25,651 6.6 192 
SAMPLE NO. PA-1 

2 15 13 190 5 3 6 1 1 19 51 NT 4 25,310 6.3 144 
SAMPLE NO. PA -2 

3 15 285 80 5 10 8 18 22 81 NT 1 5 24,895 8.9 112 
SAMPLE NO. PA-3 

4 15 323 67 5 11 6 16 17 48 NT 6 24,688 9.3 120 
SAMPLE NO. PA-4 

5 15 338 51.9 5 15 6 1 1 17 56 NT 2 24,966 NT 176 

SAMPLE NO. PA-5 
6 15 5 ND 5 3 6 1 17 5 NT ND 5 NT 4 

SAMPLE NO. FA-6 
7 15 376 67 5 7 6 6.4 17 57 NT 3 24.525 NT 162 

SAMPLE NO. FA -7 
8 15 31 105 5 11 6 11 | 17 82 NT tO 25,437 NT 172 

SAMPLE NO. PA-8 

9 15 36 96 5 17 6 9.3 21 98 NT ̂  N> 25.318 NT 184 

SAMPLE NO. FA-9 
10 15 35 45.9 5 15 6 10 27 92 NT tO 25.427 NT 200 

5 AMPLE NO, FA-10 
1 1 15 5 62 5 7 6 6.4 24 81 NT | tO 25,507 NT 168 

SAMPLE NO, PA- 11 

12 IS 18 186 5 12 6 5 21 70 NT 1 25,587 NT 172 

SAMPLE NO. FA-12 
13 15 248 | 47 5 12 6 L_ »•* 17 27 NT 2 24,762 NT 100 

SAMPLE NO, FA- 13 
14 15 241 43 5 8 6 7.6 17 30 NT 2 24,879 NT 108 

SAMPLE NO, FA-14 

15 15 41 2,400 3 11 7 8 14 | 58 3,220 1 12 NT NT NT 

SAMPLE NO. FA-23 

16 15 60 3,200 3 14 6 17 22 66 846 NT NT NT NT 

SAMPLE NO FA-24 

17 15 47 3,200 5 17 8 11 18 76 987 NT NT NT NT 
SAMPLE NO PA-25 

18 15 40 222/2800 5 15 11 9.4 20 66 1,070 NT NT NT NT 
SAMPLE NO FA-26 



TABLE A-6 
FILTRATION WORKSHEET 

RUN NO. HXXXULANT 
AECED 

FLOCCULANT 
CONCENTRATION 

(GM/L) 

FLOCCULANT 
VOLUME 

( m l  ) 

SOLUTION 
VOLUME 

( m l  ) 

INITIAL TSS 
(mg/1) * 

FILTER 
SEE 

FINAL TSS 
(mg/1) 

PCB 
(mg/I) Cd Cr** 

METALS 
Cu Pb Ni 

(US/0 
Zn Al Fe PAH IDS 

(mg/1) 
Alka l in i ty 

(mg/1) 

1 ALUM 5 5 1005 5 2.5 microns 9 73 5 6 7 
FI-1 

4 18 74 NT NT ND 25,009 102 

2 ALUM 5 5 1005 5 10.0 micron 9 46.2 5 6 6 
FI-2 

4 22 47 NT NT ND 25,243.5 176 

3 Fe(CI)3 6 1 1001 31 2.5 microns 5 94.9 5 6 9 
FI-3 

5 31 49 NT NT ND 24,992 168 

4 Fe(CI)3 6 1 1001 31 10.0 micron 5 51.2 5 6 18 
FI -4 

3 26 58 NT NT ND 25,495 192 

5 ALUM 5 - - 31 2.5 microns 22 79.9 3 6 3 
FI-21 

2 13 45 126 11,500 ND NT NT 

* Initial Total Suspended Solids concentrations calculated from
" Chromium values are totals except FI-2 (CR(6+)) 
NT  Sample not taken 

 Table 5 values. 
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filter before it clogged. A coarse filter (10 micron) will be required prior 
to the 2.5 micron filter to minimize premature fouling of the filter. A 
coarse filter will increase the period of time required between 2.5 micron 
filter changeout. 

5.0 PHASE 2 TESTING 

5.1 UV/Oxidation 

The UV/oxidation tests were performed by Peroxidation Systems Inc. of 
Tucson Arizona. Samples were prepared from the remaining elutriate in 
Elutriate Drum No. 1 by dosing the drum contents with approximately 15 
ppm (as aluminum sulfate) of alum. The elutriate drum was rapid mixed 
for 15 seconds and then flocculated for approximately 15 minutes. The 
drum contents were then allowed to settle for 15 minutes. The 
supernatent was decanted and filtered through a 2.5 micron glass fiber 
filter. The treatability study indicated that UV/oxidation was capable of 
reducing the total PCB concentration in the wastewater to below detection 
limits. Additional experience by the vendor indicates that PCB removal to 
0.6 ppb levels will be achieved. In addition, the study indicated that 
pretreatment to control iron concentrations will be required. The full 
details of the UV/oxidation testing are included as Appendix B. 

5.2 Flocculation Study Verification 

During this phase of the testing a new elutriate drum was prepared by 
combining the supernatant from Drums No. A2-1, A2-3, and B3-1. The 
concentrations of contaminants in this combined elutriate drum are 
presented in Table A-2. 

Additional flocculation tests were performed using flocculants determined 
to be effective during the Phase 1 tests. The results of these tests, and the 
flocculant doses used, are presented as Runs 15 through 18 in Table A-5. 

During Phase 1 testing samples collected had low PCB concentrations and 
high TSS concentrations as shown on Figure A-5. Since PCBs have a high 
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FIGURE A-5
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affinity for solids, this would imply that as TSS concentrations in the 
samples increase so would PCB concentrations. A laboratory analysis 
procedure was the suspected cause of this data. The laboratory 
performing the analysis indicated that the sample bottles were allowed to 
sit for approximately one week prior to analysis and then the sample for 
analysis was obtained by decanting the sample bottle. This procedure 
could explain the results seen during the Phase 1 testing. 

In order to verify this hypothesis, two tests were performed during the 
Phase 2 testing. First, samples from elutriate drum No. 1 were taken and 
shaken prior to analysis. The PCB concentrations in the shaken sample are 
presented in Table A-2. Second, duplicate samples were taken and the 
laboratory was instructed to decant one sample and shake the other prior 
to analysis. The higher PCB concentrations in the shaken samples indicated 
a portion of the total PCBs were adhering to solids that settled out of the 
sample during the week between sample collection and analysis. All 
subsequent PCB samples were shaken prior to analysis to ensure that PCB 
concentrations in these samples were accurate. 

Analyses were also performed for aluminum concentrations in the settled 
effluent to determine if using aluminum sulfate as a flocculant would not 
cause aluminum concentrations to exceed acceptable values. 

5.3 Carbon Adsorption 

Carbon adsorption tests were performed on elutriate treated with 25 ppm 
(as aluminum sulfate) of alum and filtered through a 2.5 micron glass fiber 
filter. The PCB concentration of the samples used during this test averaged 
127.5 ppb. Powdered activated carbon was then added to seven 1,000 ml 
beakers at various doses and mixed with the wastewater for 
approximately 18 hours. The solutions were then filtered through a 2.5 
micron filter to remove the carbon and then analyzed for PCB content. The 
results of these tests are presented in Table A-7 and a plot of the isotherm 
generated is shown as Figure A-6. As indicated, the isotherm indicates 
that PCB removal to anticipate discharge limits (0.6 ppb) will require large 
doses of activated carbon. It is believed that the need for large quantities 
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SAMPLE NUMBER
 

C-00
 

C-1
 

C-2.5
 

C-10
 

C-50
 

C-100
 

C-250
 

C-500
 

TABLE A-7
 
CARBON ADDITION WORKSHEET
 

BEAKER CARBON INITIAL PCB FINAL PCB mg PCB ADSORBED/ 
VOLUME DOSE CONCENTRATION CONCENTRATION gm CARBON 

(ML) (MG/L) (CoHmq/l) (Cf)(mq/l) (Co-Cf)/M 

1000 0 0 0.0062 -

1000 1 0.1275 0.0646 62.90 

1000 3.5 0.1275 0.0635 18.29 

1000 16 0.1275 0.0604 4.19 

1000 54.4 0.1275 0.053 1.37 

1000 180.9 0.1275 0.0528 0.41 

1000 263.8 0.1275 0.037 0.34 

1000 530.8 0.1275 0.0408 0.16 

PCB
 
REMOVED
 

(Co-Cf)(mg/l)
 

-

0.0629 

0.064 

0.0671 

0.0745 

0.0747 

0.0905 

0.0867 



FIGURE A-6
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of activated carbon to achieve the anticipated discharge limit (0.6 ppb 
PCBs) results from PCB adherence to minute solid particles that remain in 
solution after filtration. 
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APPENDIX B
 

PEROXIDATION SYSTEMS, INC.
 
UV/OXIDATION DESIGN STUDY
 



March 28, 1991 

Mr. Bill Breed 
ERM - New England 
205 Portland Avenue 
Boston, Massachusetts 02114 

Re: Bench-Scale Treatability Study 
New Bedford Superfund Site 
Project #TMM-9102-5381 

Dear Mr. Breed: 

Peroxidation Systems, Inc. (PSI) was contracted by ERM - New England (ERM) to perform a 
treatability study on contaminated surface water using the perox-pure™ Process. The surface 
water reportedly contained 320 /ig/1 of PCBs. The specified treatment objective was the 
destruction of PCBs to 1 /tg/1. 

A bench-scale perox-pure™ treatability study was performed on the surface water in early 
February of 1991. The study was performed at the PSI Testing Laboratory in Tucson, Arizona. 
The purpose of the study was to provide a range of data from which full-scale treatment criteria 
could be determined. A copy of the bench-scale testing report is enclosed. 

The surface water received by PSI was turbid orange with high iron and suspended solids 
concentrations. Since the iron and solids concentrations were at levels which would hinder the 
perox-pure™ reaction and foul the quartz tubes in the perox-pure™ equipment, pretreatment 
was effected via gravity filtration. After filtration, the suspended solids concentration was 
negligible and the iron concentration in the surface water was less than 1 mg/1. 

A series of bench-scale tests were conducted on the contaminated surface water at a variety of 
oxidation times, H2O2 dosages and pH values. Determination of the best treatment conditions 
was not possible because the PCBs were destroyed to below the 5 /ig/1 analytical detection limit 
in every treated sample. However, PCB oxidation was rapid with destruction to below the 
detection limit occurring within 0.5 minutes in some cases. 

Based upon the bench-scale results, and previous treatability studies conducted by PSI on PCB 
laden waters, a full-scale contact time of 1.4 minutes is projected to meet the specified treatment 
criteria. A perox-pure™ Model CWB 360 will provide the necessary contact time at the 
anticipated full-scale surface water flow rate of 350 gpm. A specification sheet for the CWB 
360 is enclosed for your information. 

I understand that ERM plans to rent the perox-pure™ treatment equipment for a period of four 
months in the spring of 1992. While PSI will make every effort to meet this schedule, it is not 
possible to reserve a CWB 360 for such a short period of time. The perox-pure™ equipment 

A 
is therefore subject to availability. 

f*i Peraxidatian Systems inc. 
5151E. Broadway. SuiteGOO Tucson. Arizona B571I Sa2-73O~a3B3 FAX 6OS-79O-8OO8 



Mr. Bill Breed 
March 28, 1991 
Page 2 

The rental fee for the perox-pure™ Model CWB 360 including the hydrogen peroxide (H2C>2) 
feed module and complete service/maintenance of the equipment by PSI is $15,000 per month. 
The usage of PSI H2O2 solution would also be billed each month. A fee of $15,000 would 
apply for equipment mobilization, and an additional $15,000 when the equipment is removed. 

In comparison to the rental fees, purchase of the CWB 360 would involve a capital investment 
of approximately $350,000 as well as additional fees for repair/maintenance parts and labor. 
The mobilization and demobilization fees would also apply. 

For an PCB effluent concentration of 0.6 /xg/1, a CWB-405/360 would be required. The capital 
cost for this unit is approximately $15,000 more than the CWB-360 quoted above. 

Bill, thank you for the opportunity to demonstrate the capabilities of the perox-pure™ Process 
in treating the contaminated s urface water at the New Bedford Site. If you need any additional 
information, or if you have any questions concerning the treatability study or the perox-pure™ 
equipment, please feel free to call Mike Donaway at (201)276-0044 or myself. 

Sincerely, 

Kathy J. Kent' 
Applications Engineer 

KJK:cw 
Enclosure 

cc:	 Fred Bemardin, PSI 
Mike Donaway, PSI 
Geoff Swett, PSI 
PSI File 

Peraxidatian SystemsInc. 
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1. 0 INTRODUCTION
 

The perox-pure*" Process destroys dissolved organic contaminants in
 
water by means of chemical oxidation. Ultraviolet (UV) light
 
catalyzes the chemical oxidation of organic contaminants in water
 
by its combined effect upon the organic contaminants and its
 
reaction with hydrogen peroxide (H2O2). Many organic contaminants
 
absorb UV light and may undergo a change in their chemical structure
 
or may become more reactive with chemical oxidants. More
 
importantly, UV light at less than 400 nm wavelength reacts with
 
H2O2 molecules to form hydroxyl radicals. These powerful chemical
 
oxidants then react with the organic contaminants in the water. If
 
carried to completion the reaction products of hydrocarbon oxidation
 
with the perox-pure1" Process are carbon dioxide and water.
 

Peroxidation Systems, Inc. (PSI) was contracted by ERM-New England
 
(ERM) to perform a treatability study on contaminated surface water
 
from the New Bedford Superfund Site using the perox-pure*1" Process.
 
The surface water reportedly contained 320 /xg/1 of PCBs and 4 /xg/1
 
of naphthalene. The treatment objective specified by ERM was the
 
destruction of PCBs to 1
 

A bench-scale perox-pure** treatability study was performed on the
 
surface water during February 1991 at the PSI Testing Laboratory in
 
Tucson, Arizona. These tests were designed to provide a range of
 
data from which full-scale treatment criteria and costs would be
 
projected.
 



2.0 TESTING PROCEDURES
 

2.1 Description of Surface Water
 

On January 29, 1991, approximately 12 gallons of surface water was
 
received from ERM at the PSI Laboratory in Tucson, Arizona. The
 
surface water was contained in 4-liter amber glass bottles with no
 
headspace.
 

Characterization of the surface water sample was performed by PSI
 
to determine parameters of importance for perox-pure** treatment.
 
The surface water as received contained iron and suspended solids
 
which were removed via gravity filtration prior to performing bench-

scale testing. The characterization results for the raw and filtered
 
surface water are shown below. An analysis of the raw surface water
 
revealed the presence of 80 ng/1 of total PCBs. Naphthalene was not
 
detected.
 

Raw Filtered
 

Visual Color: Orange/ Clear/
 
Cloudy Colorless
 

pH: 6.5 6.5
 
Iron (mg/1): 12.5 2.5-1.8*
 
Chloride (mg/1): 14,250 14,250
 
Total Organic Carbon (mg/1): 7 7
 
Total Dissolved Solids (mg/1): 12,100 13,100
 
Est. Suspended Solids (mg/1): <20 <0.2
 
Alkalinity (mg/1): 150 110
 
Turbidity (FTU): 85 <5
 

* Several iron removal methods were investigated as part of the
 
bench-scale testing variables.
 

2.2 Testing Protocol
 

The bench-scale perox-pure**" test unit was charged by placing an
 
aliquot of the water into a recycle reservoir. A pump was started
 
which circulated the solution through the UV oxidation chamber and
 
back into the reservoir providing continual mixing in the closed
 
system. Sulfuric acid was added to the surface water at this time
 
to adjust the pH for certain tests.
 

The UV lamp was illuminated to start a test, and H2O2 was added as
 
required to maintain a constant concentration in solution. The
 
solution temperature was controlled through use of an in-line
 
cooling coil. All materials in contact with the solution were
 
glass, quartz, stainless steel, viton or teflon.
 

After the appropriate oxidation times, samples of the treated water
 
were collected in 1-liter amber glass bottles. An untreated sample
 
was also collected in the same way. These samples were shipped to
 
Golden State Analytical in Van Nuys, California for PCB analyses.
 



3.0 TESTING RESULTS
 

Four perox-pure13" treatment tests were performed on the contaminated
 
surface water. These tests were designed to determine the effects
 
of pH adjustment, H2O2 dosage, and iron removal efficiency on the
 
rate of PCB destruction. The test conditions are shown in Table 1.
 

Table 1
 

Bench-Scale perox-pure Treatment Conditions
 
for the Contaminated Surface Water
 

H2O2 in Solution Initial Iron Removal* 
Test (ma/ll DH (Method: mcr/1) 
1 50 4.5 I ; 0.18 
2 50 4.9 II ; 2.5 
3 50 6.8 I ; 0.25 
4 25 5.3 I ; 0.18 

* Method I - Addition of 50 mg/1 of H202, followed
 
by filtration through 5 p. media.
 

Method 2 - Filtration through 5 /z media.
 
mg/1 = Iron concentration after filtration.
 

The analytical results for the four tests are shown in Table 2. The
 
analytical reports are provided in Appendix A. The results for Test
 
1 demonstrate rapid destruction of the PCBs to below the 5 jig/1
 
analytical detection limit. Although the PCB concentration was
 
below the detection limit in every treated sample from Tests 2, 3,
 
and 4, the influent PCB concentration for these tests was either
 
unknown or below the detection limit as well. Thus, it is not
 
possible to evaluate the effects of the test variables.
 

One possible explanation for the variation in PCB concentration in
 
the influent surface water samples is the affinity of PCBs for
 
adsorption onto solids. Test 1 was performed on the same day the
 
surface water samples arrived at the PSI lab. Tests 2, 3, and 4
 
were conducted three days later after the analytical results from
 
Test 1 had been evaluated. During the time between the treatment
 
tests, it is possible that the PCBs adhered to the surface of the
 
suspended solids in the surface water and were subsequently removed
 
during filtration.
 

Because of the minimum amount of treatability information received
 
from this study, the projection of full-scale perox-pure™ treatment
 
conditions is difficult for the contaminated surface water.
 
Therefore, PCB destruction rate data from previous perox-pure™
 
treatability studies conducted by PSI on similar water samples will
 
be used in addition to the rate data from Test 1.
 



Table 2
 

Bench-Scale perox-pure1" Treatment Results
 
for the Contaminated Surface Water
 

Full-Scale
 
Oxidation
 

Test Time fmin)

1 0


1.5

3.0

6.0


2 0

0.5

1.0


3 0

0.5

1.0


4 0

0.5

1.0


* Not analyzed.
 

 PCBs fua/1)
 
5 7
 

 <5
 
 <5
 
 <5
 

 NA*
 
 <5
 
 <5
 

N A
 
 <5
 
 <5
 

< 5
 
 <5
 
 <5
 



GOLDEN STATE 
Analytical Services, Inc. 
15735-1 Strathem St. • Van Nuys • CA 91406 
Tel: (818) 376-1122 • Fax.-(818) 781-8128 

Client: 
Project Name: 

Project*: 

P.OJ: 

Peroxidation Systems, Inc.

ERM N.E.

N/A
N/A

 Matrix:

 Date Received:

 Date Analyzed:
 GSAS Job*:

 Water 

 02/04/91 

 02/06/91 
 6234 

PCBs <608> 

ug/L (ppb) 

Client Sampled: 
GSAS Sample*: 

ENE2-1
GS-0291-004

 ENE2-2
 GS-0291-005

 ENE 3-1
 GS-0291-006

 Reporting 
 Limits 

PCS- 1016 BRL BRL BRL 5.0 

PC8- 1221 BRL BRL BRL 5.0 

PCB- 1232 BRL BRL BRL 5.0 

PCB- 1242 BRL BRL BRL 5.0 

PCB- 1248 BRL BRL BRL 5.0 

PCB- 1254 

PCB- 1260 

BRL

BRL

 BRL

 BRL

 BRL

* 

 BRL

 5.0 

 5.0 

BRL Below Reporting Limit Approved By: Dr. B. Gene Bennett 



GOLDEN STATE 
Analytical Services, Inc. 
15735-1 Strathern St. • Van Nuys • CA 91406 
Tel: (818) 376-1122 • Fax: (818) 781-8128 

Client: Peroxidation Systems, Inc. Matrix: Liquid 

Project Name: ERM N.E. Date Received: 01/30/91 

Project*: N/A Date Analyzed: 01/30-31/91 

P.OJ: N/A GSAS Job#: 6221 

PCBs (6081 

ug/L (ppb) 

Client Sample*: ENE 1-2 ENE 1-3 Reporting
 

GSAS Sample*: GS-0191-844 GS-0191-845 Limits
 

PCB- 1016 BRL BRL 5.0 

PCB- 1221 BRL BRL 5.0 

PCB- 1232 BRL BRL 5.0 

PCB- 1242 BRL BRL 5.0 

PCB- 1248 BRL BRL 5.0 

PCB- 1254 BRL BRL 5.0 

PCB-1260 BRL BRL 5.0 

BRL Below Reporting Limit Approved By: Dr. B. Gene Bennett 



GOLDEN STATE 
Analytical Services, Inc. 
15735-1 Strathem St. • Van Nuys • CA 91406 
Tel: (818) 376-1122  Fax-. (818) 781-8128 

Client: 

Project Name: 
Project*: 
P.O.#: 

Peroxidation Systems, Inc.

ERM N.E.
N/A

N/A

 Matrix:

 Date Received:
 Date Analyzed:

 GSAS Job#:

 Liquid 

 01/30/91 
 01/30-31/91 

 6221 

PCBs (6081 

ug/L (ppb) 

Client Sample*: 

GSAS Sample*: 

ENERAW

GS-0191-841

 ENE 1-0

 GS-0191-842

 ENE 1-1

 GS-0191-843

 Reporting 

 Limits 

PCB- 1016 BRL BRL BRL 5.0 

PCS- 1221 BRL BRL BRL 5.0 

PCB- 1232 80 57 BRL 5.0 

PCB- 1242 BRL BRL BRL % 5.0 

PCB- 1248 BRL BRL BRL 5.0 

PCB- 1254 BRL BRL BRL 5.0 

PCB- 1260 BRL BRL BRL 5.0 

BRL Below Reporting Limit Approved By: Dr. B. Gene Bennett 
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GOLDEN STATE 
Analytical Services, Inc. 
15735-1 Strathem St. • Van Nuys • CA 91406 
Tel: (818) 376-1122 • Fax.-(818) 781-8128 

Client: 
Project Name: 
Project*: 
P.O.#: 

Peroxidation Systems, Inc.
ERM N.E.

N/A
N/A

 Matrix:
 Date Received:

 Date Analyzed:
 GSAS Job*:

 Water 
 02/04/91 

 02/06/91 
 6234 

RGBs (608) 

ug/L (ppb) 

Client Sample*: 
GSAS Sample*: 

ENE 3-2
GS-0291-007

 ENE 4-0
 GS-0291-008

 ENE 4-1
 GS-0291-009

 Reporting 
 Limits 

PCB- 1016 

PCB- 1221 

BRL

BRL

 BRL
i 

 BRL

 BRL

 BRL

 5.0 

 5.0 

PCB- 1232 BRL BRL BRL 5.0 

PCB  1242 BRL BRL BRL 5.0 

PCB  1248 BRL BRL BRL 5.0 

PCB- 1254 BRL BRL BRL 5.0 

PCB- 1260 BRL BRL BRL 5.0 

BRL Below Reporting Limit Approved By: Dr. B. Gene Bennett 



GOLDEN STATE 
Analytical Services, Inc. 
15735-1 Strathem St. • Van Nuys • CA 91406 
Tel: (818) 376-1122 • Fax:(818)781-8128 

Client: 

Project Name: 
Project*: 

P.O.*: 

Peroxidation Systems, Inc.
ERM N.E.

N/A

N/A

 Matrix:
 Date Received:

 Date Analyzed:

 GSAS Job*:

 Water 
 02/04/91 

 02/06/91 

 6234 

PCBs (608) 

ug/L (ppb) 

Client Sample*: 
GSAS Sample*: 

ENE 4-2

GS-029 1-010

 Reporting 

 Limits 

PC8- 1016 BRL 5.0 

PCB  1221 BRL 5.0 

PCB- 1232 BRL 5.0 

PCB  1242 BRL 5.0 

PCB  1248 BRL 5.0 

PCB  1 254 BRL 5.0 

PCB- 1260 BRL 5.0 

BRL: Below Reporting Limit Approved By: Dr. 8. Gene Bennett 



I 
6 MODULAR TREATMENT SYSTE1VIS 

MODEL CW-3EO 

CONTROL PANEL LAMP DRIVE ENCLOSURES „ 
OXIDATION CHAMBERS TREATED WATER OUT 

OVERPRESSURE RELIEF HEADER 

CONTAMINATED WATER IN 

; 
i 

ELECTRICAL DISCONNECT PANELS 

- OVERPRESSURE RELIEF SPECIFICATIONS Model CW-360 
- PRESSURE INDICATOR 

Flow Rate: ©/ f? © X Maximum 250 gpm 1000 gpm 
| I T [»• TREATED WATER r £ Connections: 150 if Flange 150# Flange
 

FLOW INDICATOR —.
 

"̂  Inlet: 3" 6"
 
TEMPERATURE N. V. TEMPERATURE SWITCH 
INDICATOR ^^  ̂ N. 

Outlet: 4" 6" 

Q Power Supply: 3 pH/60Hz/480V . 360KW. 480 Amps 
«~ i T i i fc*j OPTIONAL AUTOMATIC 

JL DRAIN FOR FREEZE EloCtflCal End..' NEMA 3R 
OXIDATION 

T Material • 
Welted Parts: 316 SS, Quartz, Fluoroelastomers, TFE 
External Parts: Enameled Steel 

Weight 
HYDROGEN PEROXIDE FEED Shipping: 12500 Ibs. 

Operating: 17900 Ibs. 

The perox-pure" chemical oxidation system consists of modular equipment designed to treat 
water contaminated by dissolved organic materials. Bench-scale process evaluations will 
determine the oxidation time necessary for the treatment level desired and whether pretreatment 
of the water is necessary. Full-scale oxidation chamber size and the number of lamps are then 
selected. 

The oxidation chamber is stainless steel. Lamps are horizontally mounted in quartz sleeves with 
fluoroelastomer seals. Indicators are provided to monitor performance of each lamp. Safety 
features include shop-wired and tested control panels interlocked with temperature and flow 
switches to shut off power at preset conditions. 

The perox-pure™ system and its components are covered by numerous issued and pending 
patents. 

PeruxidtHtian Si n n li ?c. 
5151 iT. Uioad\vinj. !'•• • • ' »« ! . /\i\xmi,\ 1!'<7H 



APPENDIX C
 

TEST PLAN FOR EVALUATING THE
 
INCINERABILITY OF THE NEW BEDFORD
 

HARBOR/HOT SPOT OPERABLE UNIT SEDIMENT
 



A ACUREX 
Corporation 

Environmental Systems Division 

February 21, 1991 

v Richards	 — - -• 
U.S. Environmental Protection Agency 
Risk Reduction Engineering Laboratory 
26 W. Martin Luther King Drive 
Cincinnati, Ohio 45268 

Subject: Revised test plan entitled, Test Plan for Evaluating the Incinerability of 
the New Bedford Harbor/Hot Spot Operable Unit Sediment" 

Reference: 1. EPA Contract 68-C9-0038 
2.	 Acurex Project 8403/8404 

Dear Marta: 

Enclosed please find five (5) bound and one (1) unbound copies of the subject revised test 
plan for your review. Revisions have been added resulting from the conference call among Kevin 
Howe of USACE-Omaha, Mark Otis of USACE-New England, John Sudnick of Four-Nines, you, 
and me on February 8, with followup among Kevin, Mark, Mary Sanderson of EPA Region 1, and 
me on February 11. These conference calls discussed results of the characterization sample analyses 
of the eight pretest samples forwarded to the IRF. These results showed that sediments dredged 
for testing contained insufficient PCB to allow quantitating 99.9999 percent PCB DRE at the 
planned test sediment feedrate. Two approaches to addressing this issue were discussed, collecting 
more material in the hopes that higher PCB-content sediments would result and higher test 
sediment feedrates could be supported, and spiking concentrated PCBs into the test sediments to 
raise their concentrations. 

It was determined that more material could not be collected within the timeframe required 
for the tests. A small amount of additional sediment could possibly be provided if absolutely 
required. However, it was likely that the PCB content of this additional material would be 
insufficient to solve the PCB DRE quantitation limit problem. Thus, it was decided to spike test 
sediments with PCB Askarel transformer fluid to raise the PCB contents to that necessary to clearly 
establish 99.9999 percent PCB DRE. This decision was reached collectively by all the above-noted 
conference call participants. The test plan has been revised accordingly. If any problems with this 
planned approach arise, I will immediately contact you, Kevin Howe, and Mary Sanderson to discuss 
possible alternate approaches. 

Other comments on the previous revision of the test plan raised by Kevin Howe in his 
February 19 fax to you have been addressed in the revised test plan with the following exceptions: 

•	 No sediment dewatering will be done. The IRF has no facilities for waste feed 
preparation prior to packaging into fiberpack drums, as you are aware. However, 
as-shipped sediments with no dewatering should present the greatest challenge to the 
incinerator system so our results will represent a "most difficult to incinerate" case, 
which I believe is desired. 

555 Clyde Avenue, P.O. Box 7044, Mountain View, CA 94039 (41S) 961 -5700 Telex: 325961 FAX: (415) 964-5145/6523 



•	 Physical description of the kiln ash was not added as another analyte in old Table 8 
(now Table 9). However, we will provide this in the test report 

•	 Trace metals" has been the term we have used for years; it is one I prefer to "heavy 
metals" 

•	 PCDD/PCDF sampling remains specified to be performed at the scrubber exist. In 
putting together the plan for this test program, Region 1 and USAGE seemed more 
interested in trace metal fate during incineration than in organic destruction. For this 
reason, the trace metal sampling (in addition to particle sizing) is performed both up-
and downstream of the scrubber. The organic sampling (PCBs and other semivolatile 
and volatile organics) is being performed largely to support the IRF trial burn for the 
facility's PCB RD&D permit, although I am sure Region 1 and USAGE would be 
interested in the data. The PCDD/PCDF sampling was added at Don Oberacher's 
recommendation, since some questions regarding increased PCDF formation in the 
incineration of PCB contaminated marine sediments exist. The scrubber exit sampling 
location does not involve taking a hot zone sample with its attendant difficulties. Thus, 
it was specified and agreed to amongst the USAGE and Region 1 parties to several test 
planning discussions. 

Other responses to USAGE comments in Kevin Howe's February 19 fax include: 

•	 The test schedule has been changed to 2-week completion (the 4-week schedule survived 
the test plan revision which downscoped testing from 7 tests to 3). Every effort will be 
made to accelerate reporting both preliminary analytical data and final test conclusions. 
However, based on my experience, I cannot commit to a more aggressive schedule than 
that in test plan. Regarding 2- to 3-week turnaround time for TCLP analyses, I leave 
that to you, Kevin Howe, and Mary Sanderson. I have no objection to sending samples 
to USAGE if they feel they can get a more rapid response. The possibility of split 
sample analyses at the two laboratories exists as well. 

•	 The memo (Larry Johnson, EMSL-RTP, July 7, 1987) describing the multiple metals 
procedure prior to its formal documentation in the 1989 EPA Metals Guidance 
Document recommended using a 0.1 N NaOH impinger for HC1 knockout prior to the 
HNO3/H2O2 impingers when sampling in potentially high HCl-content flue gas. We 
have routinely done this in such instances ever since we started using the method in 
1988. The test plan notes that the contents of all sampling train impingers are 
combined and preserved to pH less than 2 (if required) after sampling. In light of this 
I don't understand the reviewer's concern. 

•	 We routinely take a 100 dscf Method 0010 sample. This is equivalent to 2.8 dscm, 
which rounds to 3 dscm as documented in the method. PQLs can be decreased by 
collecting a greater volume over a longer sampling time, or sampling at a higher 
sampling rate with a larger size sampling nozzle. The former requires more test 
sediment to be made available to support a longer sampling time. The latter requires 
some not straightforward sampling train modification (larger pumps for one). 
Regardless, to go from a DRE PQL of 99.999 percent to 99.9999 percent requires a 
10-fold increase in sample volume, which is generally not practical and less preferable 
to spiking. 



• The afterburner residence time is indirectly measured. The standard flue gas flowrate 
„,.„	 at the afterburner exit is measured (by the Method 5 team) as well as calculated by 

mass balance based on CEM readings. The afterburner exit temperature is measured. 
These allow calculating mean afterburner residence times, which we do for all tests. 
Residence time cannot be arbitrarily adjusted. It depends on waste feedrate and test 
temperature, which specifies the fuel and air feedrate requirements. Essentially, setting 
test temperature and waste feedrate places an upper bound on residence time for a 
fixed chamber volume at acceptable excess air levels. Shorter times can be achieved by 
increasing excess air level However, longer times are not possible. 

I trust this letter and the accompanying revised test plan have addressed all recently raised 
issues. 

Sincerely, 

ACUREX CORPORATION 

Lar# R. Waterland, Ph.D. 
Project Manager 

LRW:can 

Enclosures 

cc: R. Thurnau/RREL 
C. Dempsey/RREL 
R. Mournighan/RREL 
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1. INTRODUCTION 

•  - The Environmental Protection Agency (EPA) is conducting the remedial design (RD) 

for the remediation of a Superfund site located in New Bedford Harbor near New Bedford, 

Massachusetts. According to the record of decision (ROD) document (Reference 1) of 1990, 

the EPA has identified approximately 10,000 cubic yards of contaminated sediment in the Harbor 

where 4,000 parts per million (ppm) or greater concentrations of PCBs were found. Incineration 

of the dredged sediment is the selected disposal option. In support of the RD, incineration 

technologies will be carefully examined to determine the optimum equipment configuration and 

incinerator operating parameters for the waste material. The examination will include 

conducting a series of test burns on the Hot Spot sediment to assist in the development of plans 

and specifications for treating the material specific to the site. The purpose of this document 

is to describe the test program that will be conducted as part of the RD. 

2. PROPOSED TEST PROGRAM 

The objective of the proposed test program is to conduct the incineration test burns to 

obtain the data required to support the RD plans and specifications. The test program will 

address the following issues: 

• Confirm the ability of incineration to destroy PCBs (the major contaminant in the 

sediment) to the required destruction and removal efficiency (DRE) of 

99.9999 percent 

• Determine the distribution of the contaminant trace metals cadmium (Cd), 

chromium (Cr), and lead (Pb) in the discharge streams during incineration of the 

sediment. Copper (Cu) is also present in the sediment and will be included in the 

test matrix. 

• Determine the effects of incinerator excess air and temperature on organic 

destruction and metal distributions, including their leachability from kiln ash 

1
 



• Measure the effectiveness of the air pollution control system (APCS) for collecting 

paniculate and trace metals 

•	 Determine if the treated sediment (kiln ash) from the incinerator can be disposed 

of as nonhazardous solid waste 

Sections 2.1 through 23 discuss elements of the test program, including the description 

of the test equipment, the waste being tested, and the test conditions. 

2.1 Test Equipment 

AH tests planned in this program will be performed in the rotary kiln incineration 

system (RKS) at the Incineration Research Facility (IRF) in Jefferson, Arkansas. A schematic 

of the RKS is provided in Figure 1; the design characteristics of the system are summarized in 

Table 1. As shown, the RKS consists of a rotary kiln primary combustor followed by an 

afterburner chamber. Downstream of the afterburner, the combustion gas is quenched, then the 

gas flows through a primary APCS. For these tests the primary APCS will consist of the 

venturi/packed-column scrubber shown in Figure 1. The single-stage ionizing wet scrubber 

module shown in Figure 1 will not be used. After treatment in the primary APCS the flue gas 

then passes through a secondary APCS consisting of a demister, carbon bed absorber, and a 

high-efficiency particulate air (HEPA) filter. The treated flue gas is discharged to the 

atmosphere via an induced draft fan and the stack. 

22 Test Waste Description 

The Hot Spot Operable Unit is the first of two planned remediation actions for the New 

Bedford Harbor site. The Hot Spot area is an area of approximately5 acres along the western 

bank of the Acushnet River Estuary adjacent to the Aerovox facility. It has been defined as a 

Hot Spot area because the level of PCBs detected in the sediment exceeds 4,000 ppm. Levels 

of PCBs in the Hot Spot sediments range from 4,000 ppm to more than 200,000 ppm 

(Reference 1). The Hot Spot continues to act as a source of contamination throughout the 
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Figure I. Schematic of rotary kiln system. 



TABLE 1. DESIGN CHARACTERISTICS OF THE IRF ROTARY KILN SYSTEM
 

Characteristics of the 
Length 
Diameter, outside 
Diameter, inside 
Chamber volume 
Construction 
Refractory 

Rotation 
Solids retention time 
Burner 

Primary fuel 
Feed system: 

Liquids 
Sludges 
Solids 

Temperature (max) 

Kiln Main Chamber 
2.49 m (8 ft-2 in) 
137 m (4 ft-6 in) 
Nominal 1.00 m (3 ft-3.5 in) 
1.90 m3 (673 ft3) 
0.95 cm (0375 in) thick cold-rolled steel 
18.7 cm (7375 in) thick high alumina castable refractory, variable depth to produce 
a frustroconical effect for moving solids • 
Clockwise or counterclockwise, 0.2 to 1.5 rpm 
1 hr (at Q2 rpm) 
North American burner rated at 590 kW (2.0 MMBtu/hr) with liquid feed 
capability 
Natural gas 

Positive displacement pump via water-cooled lance 
Moyno pump via front face, water-cooled lance 
Metered twin-auger screw feeder or fiberpack ram feeder 
1010'C (1850°F) 

Characteristics of the Afterburner Chamber 
Length 
Diameter, outside 
Diameter, inside 
Chamber volume 
Construction 
Refractory 
Gas residence time 
Burner 

Primary fuel 
Temperature (max) 

3.05 m (10 ft) 
1.22 m (4 ft) 
0.91 m (3 ft) 
1.80 m3 (63.6 ft3) 
0.63 cm (0.25 in) thick cold-rolled steel 
152 cm (6 in) thick high alumina castable refractory 
1.2 to 2.5 s depending on temperature and excess air 
North American Burner rated at 590 kW (2.0 MMBtu/hr) with liquid feed 
capability 
Natural gas 
1200CC (2200'F) 

Characteristics of the Ionizing Wet Scrubber APCS 
System capacity, 85 m3/min (3000 acfm) at 78°C (172'F) and 101 kPa (14.7 psia) 
inlet gas flow 
Pressure drop L5 kPa (6 in W.C) 
Liquid flow 15.1 L/rain (4 gpm) at 345 kPa (50 psig) 
pH control Feedback control by NaOH solution addition 

Characteristics of the Venturi/Packed-Column Scrubber APCS 
System capacity, 
inlet gas flow 
Pressure Drop. 

Venturi scrubber 
Packed column 

Liquid flow 
Venturi scrubber 
Packed column 

pH control 

107 m3/min (3773 acfm) at 1200*C (22CXTF) and 101 kPa (14.7 psia) 

7.5 kPa (30 in W.C.) 
1.0 kPa (4 in W.C) 

772 L/min (20.4 gpm) at 60 kPa (10 psig) 
116 L/min (30.6 gpm) at 69 kPa (10 psig) 
Feedback control by NaOH solution addition 



entire site. In addition to PCBs, other contaminants are present throughout the New Bedford 

Harbor site. These contaminants include polynuclear aromatic hydrocarbons (PAHs) and trace 

metals (copper, chromium, lead, and cadmium). 

Within the Estuary portion of the site, PAH compounds were found to be co-located 

with PCEs: 'However, the range of PAH-concentrations in the sediment was •significantly less 

than the range of PCB concentrations. Total PAH sediment concentrations range from below 

detection limit to 930 ppm, with an average concentration of approximately 70 ppm. The highest 

PAH concentration of 930 ppm was detected in the Hot Spot area. 

Trace metals have been detected in the PCB Hot Spot area at concentrations of up to 

7,000 ppm. The metals present are cadmium, chromium, copper, and lead. Of these, cadmium, 

chromium, and lead are toxiciry characteristic leaching procedure (TCLP) metals. Thus, if 

maximum quantities of these metals leach from the sediment during the TCLP test, the sediment 

would be classified as toxiciry characteristic hazardous waste. Further, if the kiln ash contains 

elevated levels of leachable metal, it may be toxicity characteristic hazardous waste, thereby 

requiring secondary treatment (such as stabilization/solidification) prior to disposal. 

For the planned test program, eight 30-gal drums of sediment were dredged from the 

Hot Spot area, from locations known to contain elevated PCB levels, during December 1990. 

A characterization sample of each of the eight drums dredged was forwarded to the IRF for 

characterization analyses. Specific analyses completed to date include proximate analysis, PCBs. 

TCLP trace metals, and copper. PCB and proximate analysis results for the characterization 

samples are summarized in Table 2. 

As shown in Table 2, two PCB formulations were found to contaminate the sediment, 

Aroclor 1242 and Aroclor 1254, with the Aroclor 1242 formulation being consistently present at 

approximately three times the Aroclor 1254 levels. The total PCB content of the samples ranged 



TABLE 2. NEW BEDFORD HARBOR CHARACTERIZATION SAMPLE PCB AND 
PROXIMATE ANALYSIS RESULTS 

PCB concentration* (rag/kg) Proximate analyses 

Drum Aroclor Aroclor Specific Moisture Ash HHV 
number 1242 1254 Total gravity (%) (%) (Btu/lb) 

A-l 846 277 1,120 1.10 81.6 153 _j> 

A-2 19,500 7,050 26,550 1.03 78.5 16.9 
— 

A-3 1,600 544 2,140 126 66.9 29.5 
— 

A-4 546 264 810 1.09 64.8 33.4 
— 

B-l 1,920 551 2,470 1.09 63.0 35.0 
— 

B-2 2,500 678 3,180 1.20 75.2 22.1 
— 

B-3 3,930 731 4,660 1.29 75.7 21.9 
— 

B-4 1.230 242 1,470 1.26 74.9 21.1 
— 

Average 4,010 1,290 5,300 1.17 72.6 24.4 
— 

'Concentrations are on an as-received basis. 
"—" denotes will not combust; negligible HHV. 

from 810 to 26,550 mg/kg, with an average total PCB content of 5,300 mg/kg. The sediment 

characterization samples contained between 63- and 82-percent moisture. 

The results obtained confirm data obtained in past studies of the Hot Spot sediments 

(Reference 1). Past dredgings from the area sampled for this test program suggest that the 

sediments should contain 15,000 to 20,000 mg/kg PCBs on a dry basis, composed of nominally 

60-percent Aroclor 1242 and 40-percent Aroclor 1254. The data in Table 2 confirm total PCB 

content on a dry basis ranged from 2,300 to 120,000 mg/kg, with an average of 19,000 mg/kg in 

the characterization samples received at the IRF. 

Trace metal analysis results for the characterization samples analyzed are summarized 

in Table 3. Also shown in the table is raw sample metal concentration corresponding to the 

toxicity characteristic (TC) regulatory level in TCLP leachates. Because the TCLP specifies 



TABLE 3. NEW BEDFORD HARBOR CHARACTERIZATION SAMPLE METALS 
ANALYSIS RESULTS 

Drum 
Metals concentrations* (mg/kg) 

number As Ba Cd Cr Cu Pb Hg Se Ag 

A-l 1.3 70 2.5 59 580 217 0.75 0.15 <0.5 

A-2 22 69 2.0 43 670 205 0.85 0.15 <0.5 

A-3 0.9 64 5.0 103 650 210 0.80 <0.10 0.9 

A-4 2.1 70 4.5 73 407 180 0.65 <0.10 0.9 

B-l 1.9 76 4.5 101 555 193 0.70 0.20 1.4 

B-2 0.8 64 9.0 216 860 228 0.80 0.10 0.9 

B-3 1.0 66 10.0 168 685 210 0.75 <0.10 <0.5 

B-4 0.3 63 4.0 136 705 203 0.75 0.15 0.9 

Average 1.3 68 5.2 112 639 206 0.76 0.15 0.8 

Reeulatorv 100 2000 20 100 100 4 20 100 
level" 

'Concentrations are on an as-received basis. 
TCLP regulator)' level (mg/L) multiplied by 20. 

extracting 1 mass unit of material into 20 mass units of leachate, if the parent material contains 

less than 20 times the mg/L TC regulatory level in mg/kg, then it cannot be a TC hazardous 

waste even if all the toxic components in the parent material leached into the TCLP leachate. 

The regulatory' level noted in Table 3 is the TC regulatory level multiplied by 20. 

As the data in Table 3 indicate, the sediments dredged for the planned tests are 

potential trace metal TC hazardous wastes based on their chromium and lead content only. 

Concentrations of the other six TCLP metals in the characterization samples analyzed are 

significantly less than the concentration corresponding to the TC regulatory level. TCLP 

leachates of each characterization sample have been prepared and are being analyzed for 

chromium and lead. The expectation is that the TCLP leachates will contain less than the TC 

regulatory levels of these metals. This expectation is based on past experience with metal



contaminated Superfund site materials in which only a small fraction of the parent material 

chromium and lead was leachable in the TCLP. Nevertheless, the TCLP leachate data will 

establish whether the sediments, in addition to being PCS materials, are also characteristic 

hazardous wastes. Because extensive past data have shown that the only hazardous organic 

constituents in the sediments are PCBs and PAHs (Reference 1), the sediments could be 

considered TC hazardous wastes for chromium (D007) and lead (D008) only. TCLP leachates 

will confirm the appropriate classification. 

2J Test Waste Preparation 

Upon IRF receipt of the required TSCA RD&D permit from EPA's Office of Toxic 

Substances (OTS), the eight drums of sediments dredged will be shipped to the IRF, 

appropriately manifest as PCB material and as TC hazardous wastes if appropriate (based on 

TCLP leachate analyses). Because the PCB concentrations in each drum differ significantly 

based on characterization sample analyses, and because a relatively uniform mixture is desired 

for testing over the entire planned test program, the contents of the eight drums received will 

be combined. This will be done by transferring the contents of all eight drums into a 250-gal 

Tote tank available at the IRF. After transfer, the Tote tank will be mixed at least overnight 

with several mechanical stirrers to achieve a homogeneous sediment mixture. As noted in 

Section 2.2, the sediments are expected to contain 60- to 80-percent water, and thus, have the 

consistency of uncured concrete. Mixing should present few problems. 

Prior to testing, the combined sediments will be repackaged into 1.5-gal fiberpack 

containers for feeding to the RKS via the ram feeder. Because as outlined in Section 3.2, the 

native PCB content of the combined sediments (at 5,300 mg/kg expected) will be insufficient for 

establishing 99.9999 percent PCB ORE, the combined sediments will be spiked with additional 

PCBs during this repackaging as follows. Each plastic-bag-lined fiberpack drum will be filled with 

5.5 kg (12 Ib) of combined sediments. Then 0.2 kg (0.5 Ib) of Askarel transformer fluid 



containing 60-percent Aroclor 1260 will be added. The fiberpack drum contents will be manually 

stirred with the trowel, the plastic bag secured with a twist tie, and the drum lid secured. Thus, 

each fiberpack drum will contain 5.7 kg (12,5 Ib) of PCB-contaminated sediment. 

2.4 Test Conditions 

The planned test program will consist of three tests, each test requiring a 4- to 5-hr time 

period. For each test, site sediments will be fed to the kiln via the fiberpack drum ram feed 

system at a rate of 12 fiberpack drums per hr (one drum every 5 min). As noted above, each 

fiberpack drum will hold approximately 5.7 kg (VL5 Ib) of spiked sediment. Therefore, the 

spiked sediment feedrate will be nominally 68.2 kg/hr (150 Ib/hr). The test program maximum 

total sediment feed time will be 15 hr (three 4- to 5-hr tests). Native sediment feedrate will be 

65.5 kg/hr (144 Ib/hr), so a total of 980 kg (2,160 Ib) of native sediment will be required. The 

eight drums to be received are expected to contain 1060 kg (2,340 Ib) based on the average 

characterization sample specific gravity noted in Table 2. 

The test variables will be kiln exit temperature and kiln exit flue gas oxygen (O2) level. 

The target incineration test conditions are listed in Table 4. The incineration program includes 

two levels of kiln temperature (1,500 and 1,800° F) and two levels of kiln exit flue gas O2 

concentration (6 and 10 percent). All tests will be performed at the same afterburner 

temperature (2,200° F). These conditions are typical of full-scale incinerator operation and have 

been used at the IRF in the past for similar treatability tests. The afterburner temperature of 

2,200° F is designed to ensure that the 99.9999 percent DRE requirement is met, as mandated 

by TSCA for PCS incineration. 



TABLE 4. TARGET INCINERATION TEST CONDITIONS
 

Kiln exit Afterburner exit 
temperature temperature °C Kiln exit O2 

Test level (%) 

1 816 (1500) 1204 (2200) 6 

2 982 (1800) 1204 (2200) 6 

3 982 (1800) 1204 (2200) 10 

Additional RKS operating conditions to be held constant for all tests are presented in 

Table 5. Throughout the test program the incinerator operating parameters noted in Table 6 

will be recorded at intervals of at least once every 15 min. 

After each test (completion of flue gas sampling), test waste feed will be stopped. The 

incinerator will continue to be fired with natural gas until the kiln is visually clear of ash material 

or for a period of 2 hr, whichever is greater. The ash collected in the ash drum will be weighed 

and sampled. The scrubber liquor loop will then be drained, and the scrubber liquor will be 

collected and sampled. After recharging the scrubber liquor loop with fresh makeup, the 

incinerator will either be turned off (over weekend periods) or operated overnight while firing 

natural gas to produce steady-state conditions for the next day's test. 

3. SAMPLING AND ANALYSIS 

The planned sampling and analysis efforts for all tests are summarized in Figure 2 and 

detailed in Table 7. For clarity, the sampling effort will be discussed first in Section 3.1, followed 

by a discussion of sample analysis. 

3.1 Sampling 

As indicated in Table 7, a composite sediment sample from each drum received will be 

obtained by taking thief samples from the shipment drum at three locations in the drum cross 

section just prior to combining the sediments into the Tote tank. Similarly, a composite 
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TABLES. ADDITIONAL TEST CONDITIONS
 

Kiln solids residence time 

Scrubber blowdown rate 

Venturi liquid flowrate 

Venturi pressure drop 

Packed tower liquid flowrate 

Scrubber liquor temperature 

0.5 hr
 

0 L/min (0 gpm) or minimum operable
 

76 L/min (20 gpm)
 

62 kPa (25 in W.C.)
 

115 L/min (30 gpm)
 

49eC (120°F)
 

TABLE 6. INCINERATOR OPERATING 
PARAMETERS RECORDED 

Temperatures 
Rotary kiln exit gas 
Afterburner exit gas 
Scrubber exit gas 
Stack gas 
Recirculating scrubber liquor 
Scrubber blowdown liquor 

Flowrates 
Rotary kiln natural gas feed 
Afterburner natural gas feed 
Rotary kiln combustion air 
Afterburner combustion air 
Stack combustion flue gas 
Venturi scrubber liquor 
Packed tower scrubber Liquor 
Scrubber blowdown liquor 
Scrubber makeup- liquor 

Pressures 
Rotary kiln chamber 
Afterburner chamber 
Venturi scrubber AP 
Packed tower scrubber AP 

Other 
Scrubber liquor Ph 
Cumulative synthetic waste weight fed 
Rotary kiln rotation speed 
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TABLE 7. SAMPLING AND ANALYSIS MATRIX SUMMARY l-'Ott TIIK SUPERRINI) SEDIMENT INCINERATION TESTS 

Sample 

Native sediment 

Askarcl spike 

Combined sediment 
feed 

" 

Combined sediment 
feed TCLP Icachale 

Kiln ash 

Kiln ash TCLP 
Icachale 

•Reference 2, SW-846. 

Locution 

Shipment drums prior lo 
mixing 

Storage container 

Sediment Tolc prior lo 
packaging 

Kiln ash pit 

Sampling 
prwi'ilurc 

Thicf/compoMie 

(ir;ib 

Thief/ composite 

Thief/composite 

I'iirnnii'ltT 

PCHs 

Trace mciiiU (Cd. Cr. 
Cu. I'b) 

PCDs 

Proximate analysis: 
Ash content 

Moisture 

Heating value 

Ultimate analysis 
(C. 11.0. N. S.CI) 

PCDs. PA Us 

Trace metals (Cd, Cr, 
Cu. Pb) 

TCLP cxiraciion 

Trace metals (Cd, Cr, 
Cu. Pb) 

PCDs, PA Us 

Trace mclals (Cd. Cr, 
Cu. 1'h) 

TCLP extraction 

Trace metals (Ctl. Cr, 
Cu. Pb) 

Analysis 

Method 

Method 3540 extraction with 
Method KOKO analysis for PCDs' 

Method 3050 digestion with 
Method 6010 analysis' 

Dilution; direct injection GC 
analysis by Method 8080" 

ASTM-D-3I74 

ASTM-D-3173 

ASTM-D-3286 

ASTM-D-3176 

Method 3540 extraction with 
Method 8270 analysis for PAHs 
and Method 8080 for PCDs' 

Method 30SO digestion with 
Method 6010 analysis' 

Method 131lb 

Method 3010 digestion with 
Method 6010 analysis' 

Method 3540 extraction with 
Method 8270 analysis for PAHs 
and Method 8080 for PCDs' 

Method 3050 digestion with ICAP 
analysis by Method 6010* 

Method 1311" 

Method 3010 digestion and (CAP 
analysis by Method 6010* 

Frequency 

1 composite/drum 

1 composite/drum 

1 sample 

1 composite 

1 composite 

1 composite 

1 composite 

1 composite 

1 composite 
* 

1 composite/test 

1 composite/test 

1 composite/lest 

1 composite/lest 

"Reference 3, 40 CFR 261. Appendix I I . 



TAHLI-: 7. (concluded) 

Sample	 Location 

Scrubber liquor	 Scrubber syslcm drain 

Flue gas	 Afterburner exit 

Rue gas	 Scrubber exit 

Slack gas	 Slack, downstream of 
carbon bcd/HEPA filler 

•Reference 2. SW-R46. 
'Reference 4. 40 CFR 60, Appendix A. 
'Reference 5, Incinerator Metals Guidance. 
'Reference 6. CARII Methods 
'lU'fcri'ncc 7. Waicr nnd WaMrs 

SiiMi|>linj> 
procedure 

Tap 

Method 5* modified for 
multiple metals capture*1 

Cascade Impaclor 
(CARD 501') 

Method 5' 

Method y modified for 
multiple metals capture 

Method 0010* 

Method OOIO1 

Method 00.10' 

Methods' 

I'nranu-ler 

PCHs. PAIIs 

Trace mctuls (Cd. Cr, 
Cu. I'b) 

Trace metals (Cd. Cr. 
Cu. Pb) 

Paniculate 

Paniculate si/c 
distribution 

Paniculate ' 

IICI 

Trace metals (Cd, Cr. 
Cu. Pb) 

PA Us ami PCDs 

PCDDs/PCDFs 

Volatile organics 

Paniculate 

IICI 

Analysis 

Mel hod 

Method .1510 extraction with 
Method 8270 analysis for PA Us 
nnd Method KOHO for PCUs' 

Method 3010 digestion and ICAP 
analysis by Method 6010* 

Digestion by Method 3050 
(paniculate) or Method 3010 
(impingcrs), and ICAP analysis by 
Method 6010 

Method 5 

Gravimetric analysis of impaclor 
stages 

Method 5' 

Analysis of impinger solution for Cl 
l>y Method 300.0* 

Digestion by Method 3050 
(paniculate) or Method 3010 
(impingcrs), and ICAP analysis by 
Method 6010* 

Method 3540 Soxhlct extraction 
and analysis by Melhod 8270 for 
scmivolalilc organics and 
Method 8080 for PCDs' 

Extraction and analysis by 
Method 82901 

Method 5040" 

Melhod 5C 

Analysis of impinger solution for Cl 
by Method 300.0' 

Frequency 

1 composite/lest 

1 composilc/tcM 

I/ICSI 

I/ICSI 

I/lest 

I/ICSI 

1/lcsl 

1/ICSt 

I/lest 

l/lcst 

I/test 

1/tcsl 



combined sediment sample will be obtained by taking thief samples from the Tote tank at five 

locations in the tank cross section just prior to packaging into the fiberpack drums. The three 

or five samples will be combined to form one composite waste feed sample for each shipment 

drum and for the mixed sediments. Each of the composite waste samples will be preserved in 

appropriate containers according to the specific analysis procedure requirements noted in 

Table 7 (e.g., cooled to 4° C in an amber glass bottle for semivolatile organic analysis) and given 

to the sample custodian. 

For each incineration test, the sampling protocol to satisfy the test objectives will entail: 

•	 Collecting a composite sample of the kiln ash 

•	 Collecting a composite sample of the scrubber liquor 

•	 Continuously measuring O2 levels in the kiln exit and afterburner exit flue gases; 

O2, CO, CO2, NOX, and TUHC levels at the venturi/packed-column scrubber exit; 

and Ox CO, and CO2 levels in the stack 

•	 Sampling flue gas at the scrubber system exit for PAHs and PCBs 

•	 Sampling flue gas at the scrubber system exit for polychlorinated dibenzo-p-dioxins 

(PCDDs) and dibenzofurans (PCDFs) 

•	 Sampling flue gas at the scrubber system exit for volatile organics 

•	 Sampling flue gas upstream of the scrubber system for particle size distribution 

•	 Sampling flue gas upstream and downstream of the scrubber system for particulate 

and trace metals using a variation of Method 5 modified for multiple metals 

(Reference 5) 

•	 Sampling downstream of the scrubber system and at the stack downstream of the 

secondary APCS for particulate and HC1 using Method 5 to comply with permit 

requirements 

15
 



On a given test day, waste feed will be started at some time after the incinerator reaches 

nominally steady-state operation at the test conditions, firing auxiliary fuel (natural gas) alone. 

Flue gas sampling will begin no earlier than 1 hr after the start of waste feed. Waste feed will 

continue until all flue gas sampling is completed. 

During each test, kiln ash will be continuously removed from the kiln ash pit via a 

transfer auger and deposited into an initially clean 55-gal drum. After all test ash has been 

deposited in this drum, representative kiln ash samples will be taken by thief sampling in at least 

three locations across the collection drum cross section. These three ash samples will be 

combined to form one composite sample. Aliquots of each composite sample will be preserved 

in appropriate containers according to the specific respective analysis procedure requirements. 

Each test will be run with the scrubber liquor loop operating at total recycle (no 

blowdown). At the end of each test day, the incinerator will continue to operate for at least 2 hr 

after stopping waste feed or until the kiln is visually clear of ash, whichever is greater. After this 

period of time, the scrubber system will be drained. The scrubber Liquor samples will be 

collected during draining via a sampling tap in the drain Line. Aliquots of each blowdown volume 

will be preserved in appropriate containers according to the specific respective analysis procedure 

requirements (e.g., cooled to 4°C in an amber glass bottle for semivolatile organic analysis: 

preserved to pH <2 with HNO3 in a glass bottle for trace metal analysis). 

The flue gas, at four locations (kiln exit, afterburner exit, venturi/packed-column 

scrubber exit, and the stack), will also be continuously monitored for location-specific 

combinations of O2, CO, CO2, NOr and TUHC. The continuous emission monitors (CEMs). 

available at the IRF and the locations they will monitor during these tests are summarized in 

Table 8. This monitoring arrangement will be employed in all tests. Figure 3 illustrates the 

generalized flue gas conditioning and flow distribution system at the IRF. Four independent 

systems, such as the one illustrated in Figure 3, are in place so that the appropriately conditioned 

sample gas from four separate locations can be routed to any of the available monitors listed in 
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TABLE 8. CONTINUOUS EMISSION MONITORS TO BE USED FOR THE TESTS
 

Location 

Kiln exit 

Afterburner 
exit 

Scrubber exit 

Stack 

Constituent 

o, 

o, 

CO 

CO2 

Unhcatcd 
TUHC 

o, 

NO, 

CO 

co: 

o, 

Monitor 

Manufacturer Model 

Bedunan 755 

Bedcman 755 

Horiba VTA 500 

Horiba PIR2000 

Bcckman 402 

Teledync 326A 

Thermo 10 AR 
Electron 

Horiba VIA 500 

Horiba PIR2000 

Teledyne 326A 

Principle 

Paramagnetic 

Paramagnetic 

NDIR 

NDIR 

FID 

Fuel cell 

Chemiluminesccnt 

NDIR 

NDIR 

Fuel cell 

Range 

0-10 percent 
0-25 percent 
0-100 percent 

0-10 percent 
0-25 percent 
0-100 percent 

0-50 ppm 
0-500 ppm 

0-20 percent 
0-80 percent 

0-10 ppm 
0-100 ppm 
0-1000 ppm 

0-5 percent 
0-10 percent 
0-25 percent 

0-75 ppm to 
0-10,000 ppm in 
multiples of 2 

0-50 ppm 
0-500 ppm 

0-20 percent 
0-80 percent 

0-5 percent 
0-10 percent 
0-25 percent 
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Figure 3. Generalized CEM gas flow schematic. 
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Table 8. The CEM setup described in Table 8, with appropriate gas conditioning per Figure 3, 

will be employed throughout this test program. CEM data are recorded continuously by strip 

chart recorders and by the automatic data acquisition system. 

Flue gas sampling will begin 1 hr after the start of waste feed on a given test day or 

shortly thereafter. Flue gas samples will be collected at three locations: at the afterburner exit, 

the venturi/packed-column scrubber exit, and the stack. The afterburner exit flue gas sampling 

data will be used to describe trace metal distribution and total paniculate load into the primary 

APCS. The venturi/packed-column scrubber exit flue gas sampling, performed at a location 

representative of the flue gas discharge of a typical hazardous waste incinerator, will support the 

test objectives for PCB DRE and APCS paniculate and metal removal efficiency. Although not 

a test objective, the scrubber exit sampling will also allow measuring PAH DRE as well. The 

stack gas sampling will be performed to satisfy IRF hazardous waste management permit 

requirements. 

The afterburner exit flue gas paniculate panicle size distribution will be determined 

using a cascade impactor train (California Air Resources Board [CARB] Method 501. 

Reference 6). The flue gas sample will be extracted from the duct, and the paniculate matter 

will be classified into several size ranges between 0.3 and 10 um. Larger particles will be caught 

with an upstream "pre-cutter" cyclone separator. The method will provide information on the 

size distribution of the afterburner exit paniculate matter. 

The afterburner exit flue gas will also be sampled for paniculate matter and trace 

metals using the modified Method 5 sampling train with multiple metals train impingers. The 

first impinger will be initially empty. The second will contain 0.1N NaOH solution for HC1 

removal. The third and fourth impingers will each contain 5-percent nitric acid and 10-percent 

hydrogen peroxide. The fifth (last) impinger will contain silica gel. After sampling, the contents 
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of the first, second, third, and fourth impingers will be combined and preserved (if needed) with 

HNO3 to pH<2 for trace metal analysis. 

The venturi/packed-column scrubber exit flue gas will be sampled for trace metals usine 

the Method 5 train modified for multiple metals capture described above. In addition, two 

Method 0010 trains will sample the scrubber exit flue gas. One will be used for PCB and PAH 

analysis. The other will be used for PCDD/PCDF analysis. 

Sampling of the flue gas at the scrubber exit and at the stack will also be conducted in 

accordance with the standard EPA Method 5 procedures. HC1 (chloride ion) in the impinger 

solutions will be determined by ion chromatography. Paniculate load will be determined 

gravimetrically. The stack tests are conducted as part of the permit to operate requirements of 

the IRF. 

3-2 Analysis 

The analysis protocols for each of the collected samples are presented in Table 7 and 

discussed in more detail below. 

One composite combined sediment feed sample (taken from the Tote tank in which all 

received drums are mixed) will be subjected to proximate (ash, moisture, and heating value) and 

ultimate (C, H, O, N, S, Cl) analyses by the ASTM methods noted in Table 7. This combined 

sediment feed composite sample and each of the individual test kiln ash and scrubber liquor 

samples will be analyzed for semivolatile organics (PCBs and- PAHs) and trace metals (Cd, Cr, 

Cu, and Pb). In addition, the combined sediment feed and the kiln ash for each test will be 

subjected to TCLP extraction, and the resulting leachate will be analyzed for trace metals. Each 

of the samples from the eight shipment drums taken before combining all sediment received will 

also be analyzed for PCBs and trace metals. 

Analysis for PAHs and other semivolatile organics will be by Method 8270; PCB 

analyses will be by Method 8080. Aqueous liquid samples (scrubber liquor) will be liquid/liquid 
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extracted (Method 3510) for analysis. Solid samples (sediment feed and kiln ash) will be Soxhlet 

extracted (Method 3540). 

Trace metal analyses will be by inductively coupled argon plasma spectroscopy (ICAP, 

Method 6010). Aqueous liquid samples (scrubber liquor and TCLP leachates) will be digested 

by Method 3010. Solid samples (sediment feed and kiln ash) will be digested by Method 3050. 

The particulate/metals train particulate catch will be digested by Method 3050 for metals 

analysis. Impinger contents from this train will be combined and digested by Method 3010 for 

metals analysis. Analyses of the digestates will be performed for the trace metals specified above 

by Method 6010. 

The cascade impactor stages from sampling at the afterburner exit will be separated and 

the appropriate gravimetric analysis performed on each impactor stage, giving particle size 

distribution data. 

Stack gas particulate load will be determined by desiccating the filter and probe wash 

of the Method 5/HC1 trains at the scrubber exit and the stack. Particulate loading will be 

determined gravimetrically. Stack HC1 levels will be determined by analyzing the combined 

impinger solutions from the stack Method 5/HC1 trains for chloride using ion chromatography 

by Method 300.0. 

A Method 0010 train will sample the scrubber exit flue gas for semivolatile organics and 

PCBs. Semivolatile organic analyses of the scrubber exit samples will be performed by 

Method 3540 extraction and Method 8080 analysis for PCBs and Method 8270 analysis for the 

semivolatile organic target compound list (TCL) constituents. A separate Method 0010 train will 

sample the scrubber exit flue gas for PCDDs and PCDFs. Extraction and analysis of this train's 

samples will be by Method 8290. The scrubber exit flue gas will also be sampled for volatile 

organics using Method 0030. Collected sample analysis will be by Method 5040 for the volatile 

organic TCL constituents. The combination of the semivolatile and volatile organic TCL 
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constituent determinations in the scrubber exit flue gas will provide the TSCA-required.measure 

of total chlorinated organics (RC1). 

The practicable quantitation limit (PQL) of Method 8080 analysis of -Method 0010 

samples performed at the IRF is 0.44 ng/train. The PQL is based on concentrating the sampling 

train organic extract to a final volume of 1 mL. Standard Method 0010 procedures specify 

collecting 2.8 dscm of flue gas per train. Therefore, the PQL for PCBs in the scrubber exit flue 

gas samples will be 0.16 ^g/dscm. Under the test conditions planned for these tests, the 

scrubber exit flue gas flowrate will be below 37 dscm/min. Thus, the PCB emission rate PQL 

will be 0.096 jig/s. As noted in Section 2.4, the planned feedrate for all tests in 68.2 kg/hr 

(150 Ib/hr). Characterization sample analyses suggest that the combined sediment feed PCB 

content will be 5300 mg/kg. At this feedrate the native PCB feedrate in combined sediments 

fed at 68.2 kg/hr will be 92 mg/s. Thus, the ability to quantitate only 99.999896 percent DRE 

(100 x (1-0.096 x 10"*/0.092)) will exist based on native sediment PCB content. This falls just 

under the regulation required 99.9999 percent DRE. For this reason, the planned tests specify 

spiking the combined sediment feed with additional PCBs, supplied via an Aroclor 1260 Askarel 

transformer fluid. 

The spiked sediments are expected to contain 29,100 mg/kg total PCB. At this elevated 

concentration, and a spiked sediment feedrate of 68.2 kg/hr, total PCB feedrate will be 0.55 g/s. 

At this feedrate, the ability to quantitate 99.999983 percent DRE (100 x (1-0.096 x 10^/0.55)) 

will exist. This gives an adequate margin for establishing that the tests achieve the required 

99.9999 percent PCB DRE. 

The PQL of Method 8270 analyses of Method 0010 samples performed at the IRF is 

20 jig/train for PAHs. Following through the calculation outlined above for PCBs, the ability 

to quantitate 99.99 percent PAH DRE will exist for those PAHs present at sediment 

concentrations greater than 2,900 ppm. The discussion in Section 22 noted that the maximum 
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PAH concentrations measured in past efforts have been up to 930 ppm. Thus, the ability to 

establish 99.99 percent PAH DRE will not exist in these tests. Only the absence of PAHs in the 

scrubber exit flue gas can be verified, with a corresponding PAH DRE of greater than some 

value, this value being less than 99.99 percent. 

Table 9 summarizes the number and type of samples that will be collected over the test 

program. The sample collection procedures will result in one combined sediment sample, with 

kiln ash and scrubber blowdown residuals samples each test day, to provide one composite 

sediment and three incineration residual combinations for the series of tests. One set of flue 

gas characterization samples will be collected for each test. 

All semivolatile organic TCL constituent, PCB, flue gas paniculate, and flue gas HCI 

sample analyses, and all TCLP extractions, will be performed in the IRF onsite laboratory. All 

digestions and trace metal analyses and all Method 0030 volatile organic analyses will be 

performed by the EMSL Laboratory in Cincinnati, Ohio. Proximate and ultimate analyses will 

be performed by Galbraith Laboratories in Knoxville, Tennessee. PCDD/PCDF analyses will 

be performed by a qualified offsite laboratory to be determined. 

4. QUALITY ASSURANCE/QUALITY CONTROL 

All tests will be conducted in accordance with the guidelines outlined in the Quality 

Assurance Project Plan (QAPjP) for these tests, submitted as a companion document to this test 

plan. 

5. REGULATORY CONSIDERATIONS 

The sediment being shipped to the IRF will be PCB-contaminated material and will be 

packaged and transported accordingly. It is also a potentially characteristic hazardous waste. 

If characterization sample analyses show this to be the case, the sediment will be also be 

managed as such. 
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TABLE 9. SUMMARY OF TEST SAMPLES
 

Number of samples 

Sample type 

Individual sediment feed 

(before combining) 

Askarel spike 

Combined sediment feed 

Sediment feed TCLP leachate 

Kiln ash 

Kiln ash TCLP leachate 

Composite scrubber liquor 

Afterburner exit: 

Paniculate/metals train: 

Probe wash/filter 

Impingers (1. 2. 3, and 4 combined) 

Vemuri/packed-column scrubber exit flue gas: 

Paniculate/metals train: 

Probe wash/filter 

Impingers (1. 2. 3, and 4 combined) 

Method 0010 train
 

Method 0010 train
 

Method 0030
 

Sample trap pair 

Paniculate/HCl train:
 

Probe wash/filter
 

Impingers (1, 2, and 3 combined)
 

Stack gas: 

Panicuiate/HCl train:
 

Probe wash/filter
 

Impingers (1, 2, and 3 combined)
 

Analyte 

PCBs 

Trace metals (Cd, Cr, Cu, Pb) 

PCBs 

Proximate, ultimate, and silica 

PCBs and PAHs 

Trace metals (Cd, Cr, Cu, Pb) 

TCLP extraction 

Trace metals (Cd, Cr, Cu, Pb) 

PCBs and PAHs 

Trace metals (Cd, Cr, Cu, Pb) 

TCLP extraction 

Trace metals (Cd, Cr, Cu, Pb) 

PCBs and PAHs 

Trace metals (Cd, Cr, Cu, Pb) 

Trace metals (Cd, Cr. Cu, Pb) 

Trace metals (Cd, Cr, Cu, Pb) 

• 

Trace metals (Cd, Cr. Cu, Pb) 

Trace metals (Cd, Cr. Cu, Pb) 

PCBs and PAHs 

PCDDs/PCDFs 

Volatile organics 

Paniculate 

Chloride 

Paniculate 

Chloride 

Each test 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

1 

1 

1 

1 

Total 

8 

8 

1 

1 

1 

1 

1 

1 

3 

3 

3 

3 

3 

3 

3 

3 

^ j 

3 

3 

3 

9 

3 

3 

3 

3 
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The scrubber liquor generated during the test program will be analyzed for PCBs and 

for hazardous characteristics. If the scrubber liquor contains less than 1 ppb PCBs and does not 

' exhibit hazardous waste characteristics (specifically the toxicity characteristic as determined by 

the TCLP test), it will be discharged to the host facility (NCTR) chemical sewer. If the scrubber 

liquor possesses a hazardous characteristic or is considered PCB-contaminated, it will be 

managed accordingly via shipment to a permitted treatment, storage, and disposal facility 

(TSDF) for appropriate further treatment and disposal. 

The kiln ash residue from the tests, along with any remaining untreated sediments, will 

be shipped back to the generator. 

In the permit application for a TSCA PCB RD&D permit to EPA's Office of Toxic 

Substances, the IRF proposed to conduct these tests in accordance with the facility's hazardous 

waste management permit administered by the Arkansas Department of Pollution Control and 

Ecology (ADPCE). This permit establishes waste feed cutoff limits for the RXS as follows: 

• Maximum waste feedrate: 2.5 MMBtu/hr 

• Maximum stack gas CO: 100 ppmv, rolling 1-hr average 

• Minimum afterburner temperature: 1,863°F 

• Maximum combustion gas flowrate: 2,603 acfm, rolling 1-hr average 

To Specifically adhere to TSCA provisions, tighter limits on minimum afterburner 

temperature and maximum combustion gas flowrate will be adopted for these tests as follows. 

• Minimum afterburner temperature: 1,149°C (2,100°F) 

• Maximum combustion gas flowrate: 1,550 acfm, rolling 1-hr average 

In addition, the test sediments contain negligible heat content as shown in Table 2, so at the; 

planned 144 Ib/hr sediment feedrate, the maximum waste feedrate heat input will not be 

exceeded. Expected operation will also be at less than the maximum stack gas CO. 
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The IRF permit also limits the feedrate of hazardous constituent trace metals to the 

RKS equipped with the venturi/packed-column scrubber as shown in Table 10. Table 10 also 

notes the sediment feed concentration corresponding to the individual metal feedrate limitation 

at a sediment feedrate of 144 Ib/hr. The sediment characterization analysis results shown in 

Table 3 confirm that the metals feedrate limitations will not be exceeded. 

6. SCHEDULE 

Planned tests are expected to be completed over a 2-week period, currently scheduled 

to begin in March 1991. 

TABLE 10. IRF PERMITTED TRACE METAL FEEDRATES 

Feedrate to RKS with Waste feed concentration 
venturi/packed-column allowed at 144 Ib/hr 

Metal scrubber (Ib/hr) sediment feedrate (ppm) 

Arsenic* 0.039 271 

Chromium1 0.032 222 

Cadmium1 0.052 361 

Beryllium1 0.024 167 

Thallium 1.9 13,200 

Barium 4,500 1,000,000 

Silver 17 118,000 

Lead 0.54 3,750 

Antimony 1.9 ' 13,200 

Mercury 1.9 13,200 

The sum of actual feedrate/feedrate limit for arsenic, chromium, 
beryllium, and cadmium must also be less than or equal to 1.0. 
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APPENDIX D
 

TEST BURN FINAL REPORT
 



(Note: The letters, comments and draft RREL report 
should be replaced with the final RREL report, when 

available.) 



9ft FOUR NINES, INC 9S9 P.O. Box 701, Conshohocken, PA 19428 
(215) 834-0490 

October 7, 1991
 

Mr. Kevin Howe
 
Department of the Army Corps
 
of Engineers, Omaha District
 
215 North 17th Street
 
Omaha, NE 68102-4978
 

Subject: Pilot-Scale Incineration of PCB-Contaminated Sediments
 
From the New Bedford Harbor by Acurex Corporation
 
Environmental Systems Division Incineration Research
 
Facility - Jefferson, Arkansas
 

Reference: Contract No. DACW 45-91-C-0010
 

Dear Mr. Howe:
 

I have reviewed the draft test report issued by Acurex Corporation
 
on the New Bedford Sediment testing done in March 1991. As I have
 
indicated in previous discussions, the value of this testing lies
 
in the information it provides about the waste characteristics and
 
behavior. These properties and characteristics include:
 

1) Ultimate Chemical Analysis
 
2) Heating Values
 
3) Density
 
4) Ash Sample for TCLP Testing
 
5) Handlability of Waste and Ash
 
6) Nuances Unique to the Sediment
 

The test in no way determines whether or not the material can be
 
successfully incinerated, nor does it specify the successful
 
operating parameters of an incineration system.
 

The test does provide general information correlating the operating
 
parameters of the Acurex system with destruction efficiencies,
 
collection efficiencies for a particular pollution control system,
 
auxiliary energy requirements and other "datum plane" type
 
information.
 

I feel the report should be included in the request for a proposal
 
package. It should be accompanied, however, by a statement of
 
explanation which would clarify that the test report is for
 
information only and in no way is intended to be the "blueprint"
 
for the required incinerator design.
 

400 Stenton Avenue, Plymouth Meeting, PA 19462 
FAX: (215) 834-1469 TELEX: 4761066 ITT 
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Please contact me if you have any questions or would like to
 
discuss the report in greater detail.
 

Very truly yours,
 

FOUR NINES, INC.
 

. 
J 

John J. Sudnick, P . E . 

MEZZEEP.JS.l.ij 
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Commonwealth of Massachusetts 
Executive Office of Environmental Affairs 
Department of 
Environmental Protection 

William F. Weld
 
Gov«m«
 

Daniel S. Greenbaum 

October 24, 1991
 

Mr. Kevin Howe
 
Department of the Army
 
Corps of Engineers, Omaha District
 
215 North 17th St.
 
Omaha, NE 68102-4978
 

Subject: New Bedford Harbor Hot Spot
 
Draft Test Burn Results Comments
 

Dear Mr. Howe:
 

The Department has reviewed the "Draft" Report of the Test Burn
 
from the Hot Spot material of New Bedford Harbor Superfund Site.
 
The DEP has the following comments.
 

1. Page 4-15, 4th Paragraph, 1st Sentence "...in the nominal 65
 
to 75 percent range." - There is no metal indicated in the 1st
 
sentence. The metal that is in the 65 to 75 percent range is the
 
chromium.
 

2. Page 4-16, Table 4-12, Copper - The Copper Total from the Kiln
 
ash (59), Scrubber exit flue gas (4), and Scrubber liquid (2) do
 
not add to the Total of 71, but to a Total of 65. If the new Total
 
is 65, this will also change the range of the copper on page 4-17,
 
paragraph 2, 1st sentence. The new range would be 65 to 86 percent
 
for copper. Also, any change(s) in any number(s) could change
 
numbers in other tables or other parts of the text. Any changes
 
should be checked to ensure that the remainder of the report is
 
correct.
 

3. A significant amount of the cadmium and lead incinerated were
 
volatilized, and therefore have the potential of being emitted as
 
respirable particles depending on the air pollution control
 
equipment. The DEP feel this is justification for stack testing
 
and community ambient air sampling of the metals.
 

One Winter Street » Boston, Massachusetts 02108 • FAX (617) 556-1049 • Telephone (617) 292-5500 
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page 2
 
October 24, 1991
 
Draft Test Burn Comments
 

The DEP appreciates the opportunity to comment on the "Draft"
 
Report of the Test Burn. If you have any comments or questions on
 
this letter, please call Paul Graffey at (617) 292-5591.
 

Very truly yours,
 

Paul Craffey,

Project Engineer
 

cc: Gayle Garman, EPA
 
Thomas McGrath, AQ LES
 
John Winkler, AQ SERO
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MEMORANDUM
 

TO* Kevin Howe, USAGE, Omaha District
 

THROUGH: Mark otis, USAGE, New England Division
 

PROM: Gayle Garman, USEPA, Region I (3*"
 

DATE; October 17,
 

SUBJECT: Review of DRAFT REPORT on pilot Scala Incineration of
 
Hot spot Sediments from New Bedford Harbor at
 

while this study concludes in a general way that the New
 
Bedford Harbor sediments are treatable by incineration, I believe
 
some of the presentation to be less specific than is desirable,
 
In particular, I am concerned that some of the statements will be
 
taken out of context and reiterated by groups and/ or individuals
 
intent on discrediting incineration as a viable and safe
 
treatment for this material. The Draft report is not adequately
 
specific with regard to the following issues;
 

1. the abstract, introduction, and conclusion should
 
clearly indicate that these sediments are from the Hot
 
Spot;
 

2. the description of the sediments as fed to the
 
incinerator should describe the sediments as either
 
"wet", or "without dewatering", or "whole", as the data
 
interpretation indicates that the results with regard
 
to PCS destruction may have been significantly
 
influenced by the high (70% or more) water content of
 
the feed;
 

3. the mass balance accounting of the four trace metals is
 
interpreted as if 100% of the metals have been
 
recovered, when in fact, as little as 38% Of the
 
influent metal mass has been recovered. IF the
 
extensive interpretation of this data is included in
 
tho final report, there should be either an indication
 
of the experimental error included in the data or
 
repeated caveats regarding the percent of each metal
 
which remains unmeasured and unaccounted for*
 

Particular comments and proposed editorial changes (indicated by
 
underlining) follow, by page number:
 

iii ...contaminated marine sediments from the Hot Soot in New
 
Bedford Harbor, a Superfund site... The sediments at this
 
site are contaminated wj£h PgpTm_qonc_ejitrja-tj.ons of 4.000 to
 
over 2-0o. Q0o PPM. . . .
 

iv In tests with the PCB-spikad sediment feed, incinerated
 
dewaterina. kiln ash.... For a native (unspiked)
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sediment j^peinerated without _dewateripg feed kiln ash 
contained...
 

1-1 According to the record of decision, .the EPA has
 
approximately 10,000 cubic yds of hfoh^y contaminated
 
sediment in a 5-aore area off the harbor identified ag
 
Hot Spot .Qp-Srafrle Dai t..... The UFA requested that teat burns
 
be conducted. .» to support the RD for this operable Unit*
 

The sediment at the Hot spot in -fcha New Bedford Harbor
 
site ...
 

1-2 The tests were performed in the RKS with the venturi /packed
column scrubber as the primary- Air pollution Control System
 

2-$ TABLE 2~3: The footnote also should indicate whether the
 
concentration is dry weight basis or not,
 

2-13, and 3-1 is "Tune" defined somewhere in the text?
 

4-4 The kiln ash resulting from the incineration without
 
dewatsrina of the sediments (both spiked and native) ,« .The
 
kiln ash for the spiked W-%fe sediment feeds....
 

The kiln ash from the native sediment feed incinerated
 
without dewaterino also contained significant PCS levels...
 

4-7 However, the New Bedford Harbor marine sediments contained
 
substantial moisture, 70% or more.
 

4-9 is it possible (KEVIN, and appropriate?) to interpret the 50
 
to 100 pg/dscm of 2,3,7,8-TCDD toxicity equivalents as a
 
numerical risk, i.e., Excess lifetime Cancer Risk (ELCR)7
 

4-14 As shown in the tabler very low fractions, less than 1
 
percent, of the copper and chromium in the sediment feed
 
leached in the TCLP.
 

4-17 In my opinion, normalizing the metal distributions by the
 
total metal recovery is not an accurate representation of
 
the data when total recoveries range from 38% to 103%. This
 
treatment exceeds the reliability of the data, particularly
 
when there is no effort to explain what happened to the
 
"lost" metals. Are they on the walls of the RKS or the APC?
 
Were they part of the particlates recovered on the second
 
APC, which included a HEPA filter? At the very least this
 
discussion should repeatedly indicate the relative error of
 
this data or the percent of each metal unaccounted for,
 

4-19 The kiln ash accounted for 88 to 92 percent of the chromium
 
measured in the discharges and 82 to 89 percent of the
 
copper measured j-n , ̂ êiiiiflj.schar_ges.. .
 

...At the low-kiln-teet-teraperature test (test 1)
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conditions, the Xiln ash accounted for 53 (lead) to 61
 
{copper) percent of the zaetals discharged and accounted for.
 

over of- the lead that—entered, the RKS and Afic
 
ware nojLJBie.asured in anv of tĥ  dlscharqê streams. In Tests
 
1-...2* aad_3.bf £he portion of laad_unaccounted for equals or
 
exceedsthe SUM of the lead measured in the scrubber flue
 
exit, scrubber liquor*
 

Of the metals ̂ measured and accounted for, scrubber exit flue
 
gas and scrubber liquor fractions were higher than the kiln
 
ash fractions at this high-temperature condition.
 

Indeed, 36 to 42 percent of the cadmium discharged and 42 to
 
55 percent of the lead discharged escaped the incineration
 
system and the venturi/packed-column scrubber. The data
 
does not support the preceding statement. The data as
 
reported only indicates that 62 to 34 percent of these
 
metals remains unaccounted in the masp balance*
 

4-19 Thus, calculated scrubber collection efficiencies Htisn
 
compared to measured afterburner exit flue gas
 
concentrations exceed 100 percent.
 

4-20 With respect to Table 4-14, in my opinion, to present this
 
information ae a percent of measured, recovered metal is
 
extrapolating beyond the reliability and credibility of the
 
data. If a presentation of this type is desired it can be a
 
percent of the influent metal, with a column to indicate the
 
percent unaccounted.
 

4-23 In any evant, the data Indicate that a wet scrubber system
 
similar to the venturi/packed-column scrubber used in these
 
tests will be able to control HCL emissions to acceptable
 
levels during the incineration of New Bedford Harbor Hot
 

Spot sediments,
 

5-1 ...to evaluate the potential of incineration as an option to
 
treat contaminated marina sediments from the Hot̂  Spo
 
in the Hew Bedford Harbor Superfund site....
 
The sediments in thiŝ rarea are contaminated by PCB'S a_t
 
concentrations of 4. QOO tô ovjer 200.000 ppm, and by * . .
 

5-2 Bullet #lt ,,, However, ut;L;Lizina^sediments that have not
 
been dQwafrered_.and a kiln residence time of 0.5 hr, the
 
treated sediments. . .
 

Bullet #3: ...The kiln ash discharge accounted for
 
nominally 80 to 90 percent of the measured discharge of
 
these metals,
 

Bullet #4: ...The kiln ash discharge vas 53 percent of the
 
lead ac.counLted_for in tfoe d,i

gcharqes and 61 percent of the
 
of the cadmium accounted for in tha discharges at the low
 

http:aad_3.bf
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kiln temperature. These fractions decreased to the nominal
 
10 to 20 percent range for cadmium and the 20 percent range
 
for lead, at the high Kiln tel&perature. Hoy?yarf 34 to 62
 
percent of the lead and u to 48 ercent &t the
 
not accounted f or - the m a i balance.
 

5»2 Bullet f5s Baaed on the recovered scrubber liouor and
 
scrubber flue exit eras concentration, scrubber collection
 
efficiencies were..,
 

X realise that some of the changes proposed above may not be
 
favorably received by the document's authors. However, I think
 
it is in everyone's best interest to provide as accurate and
 
balanced an interpretation of the data as possible*
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ACUREX 
Corporation 

Environmental Systems Division 

September 26, 1991 

Ms. Marta K. Richards 
U.S. Environmental Protection Agency 
Risk Reduction Engineering Laboratory 
26 West Martin Luther King Drive 
Cincinnati, Ohio 45268 

Subject: Preliminary draft report entitled, "Pilot-Scale Incineration of PCB-Contaminated 
Sediments from the New Bedford Harbor Superfund Site" 

Dear Marta: 

Enclosed please find five (5) copies of the subject preliminary draft report. This preliminary 
draft is missing Section 6, the Quality Assurance section. Analyses of matrix spike and method 
blank samples at EMSL has not yet been completed, so the QA section cannot be drafted. 
However, I've elected to submit this preliminary draft so that review of general test conclusions can 
proceed, and so that the Corps of Engineers schedule can be met. At Bob Thurnau's request, I 
have sent a copy of this draft report directly to Kevin Howe. 

The complete draft report will be submitted as soon as QA data are complete and evaluated. 

Sincerely, 

ACUREX CORPORATION 

-irry R. ̂ aterland, Ph.D. 
Project Manager 

LRW:can 

Enclosures (5) 

cc: R. Thurnau/RREL 
C. Dempsey/RREL 
R. Mournighan/RREL 
K. Howe/USACE 

555 Clyde Avenue, P.O. Box 7044, Mountain View, CA 94039 (415) 961-5700 Telex: 325961 FAX: (415) 964-5145/6523 
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ABSTRACT 

A detailed test program was performed at the EPA's Incineration Research Facility 

(IRF) to evaluate the potential of incineration as an option to treat contaminated marine 

sediments from the New Bedford Harbor Superfund site near New Bedford, Massachusetts. The 

sediments at this site contaminated by PCBs and trace metals, chiefly cadmium, chromium, 

copper, and lead. The purpose of these tests was to evaluate the incinerability of these soils in 

terms of the destruction of PCBs and the fate of the contaminant trace metals during the 

incineration process. The test program was designed to evaluate the effects of incineration 

operating conditions on the composition of the discharge streams. 

Four incineration tests were performed, three with sediments spiked with pure PCB 

Askarel transformer fluid and one with native sediment. Spiking was performed to increase the 

sediment PCB content to a level which allowed an unambiguous determination of whether a PCB 

destruction and removal efficiency (DRE) of 99.9999 percent could be achieved. For the three 

spiked sediment tests, plans were to vary kiln temperature from 816° to 982° C, and kiln excess 

air from an exit flue gas O2 of 6 to 10 percent. However, due to the inability to tightly close the 

rotating kiln seals, kiln exit O2 levels below 9 percent were not attainable, so the only test 

condition parameter varied was kiln exit temperature. Average test temperatures were 824° 

and 984° C. 

Test results show that greater than 99.9999 percent PCB DRE was achieved at both kiln 

temperatures with the an afterburner operated at 1208° C. However, with kiln solids residence 
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time of 0.5 hr, the treated sediments (kiln ash) are still PCB-contaminated. In tests with the 

PCB-spiked sediment feed, kiln ash contained 128 to 245 mg/kg PCB, corresponding to 0.3 to 

0.5 percent of the spiked feed levels. For a native (unspiked) sediment feed kiln ash contained 

100 mg/kg PCB, 1.6 percent of the feed level. The wet scrubber system discharge flue gas 

contained low levels of PCDDs and higher levels of PCDFs, chiefly total TDCF, PeCDF, and 

HxCDF. The 2,3,7,8-TCDD toxicity equivalent emissions were in the nominal 50 to 100 pg/dscm 

range. 

Of the contaminant trace metals, chromium and copper were relatively nonvolatile. The 

kiln ash discharge accounted for nominally 80 to 90 percent of discharged amounted of these 

metals. These fractions were not affected by kiln temperature in the range tested. Cadmium 

and lead exhibited relatively volatile behavior, and increasingly so at the higher kiln temperature. 

The kiln ash discharge accounted for 53 percent of the lead and 61 percent of the cadmium 

discharged at low kiln temperature. These fractions decreased to the nominal 10 to 20 percent 

range for cadmium and the 20 percent range for lead at higher kiln temperature. Scrubber exit 

flue gas fractions (cadmium and lead) and scrubber liquor fractions (cadmium) increased 

accordingly. Treated sediments would not exhibit the toxicity characteristic (TC) based on their 

cadmium, chromium, or lead concentrations. However, the scrubber liquor discharge stream was 

a TC hazardous waste based on lead concentrations for these tests. 

Test results suggest that incineration would be an effective treatment option for the site 

sediments. However, sediment dewatering prior to incineration, or incinerating at higher kiln 

solids residence times (perhaps up to 1 hr) might be required to yield a treated sediment not 

contaminated by PCBs. If a wet scrubber were used for paniculate and acid gas control, the 

scrubber blowdown discharge might require further treatment to stabilize leachable lead levels. 
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In addition, flue gas emissions from a wet scrubber APCS might be of concern such that a dry 

scrubber technology could prove to be the approach of choice. 
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SECTION 1
 

INTRODUCTION
 

One of the primary missions of the Environmental Protection Agency's (EPA) 

Incineration Research Facility (IRF) is to support Regional Offices in evaluations of the 

potential of incineration as a treatment option for wastes generated during remedial actions 

taken at Superfund sites. EPA Region 1 is conducting the remedial design (RD) for the 

remediation of a Superfund site located in New Bedford Harbor near New Bedford, 

Massachusetts. According to the record of decision (ROD) document of 1990 (Reference 1), 

the EPA has identified approximately 10,000 yd3 of contaminated sediment in the harbor. 

Incineration of the dredged sediment is the selected treatment option. In support of the RD, 

incineration technologies will be examined to determine the optimum equipment configuration 

and incinerator operating parameters for the waste material. The EPA requested that test burns 

be conducted at the IRF to support the RD for this Superfund site. 

The sediment at the New Bedford Harbor site is contaminated with from 4,000 ppm to 

more than 200,000 ppm of PCBs (Reference 1). In addition to PCBs, other contaminants are 

present, including polynuclear aromatic hydrocarbons (PAHs), and trace metals (copper, 

chromium, lead, and cadmium). The primary objective of this test program was to obtain data 

to support the RD plans and specifications. Therefore, the test conditions were designed to 

evaluate the effectiveness of varying incinerator operating conditions in the destruction of PCBs 

and other pollutants. Specifically, the test program attempted to answer these questions: 
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• Can incineration effectively destroy PCBs to the required destruction and removal 

efficiency (DRE) of 99.9999 percent? 

•	 What is the distribution of the contaminant trace metals in the discharge streams 

during incineration of the sediment? 

•	 What are the effects of incineration excess air and temperature on organic 

constituent destruction and metals distributions, including the leachability of the 

metals from the kiln ash? 

•	 What is the effectiveness of the air pollution control system (APCS) in collecting 

paniculate and trace metals? 

•	 Can the treated sediment (i.e., kiln ash) from the incinerator be disposed of as 

non-hazardous solid waste? 

The test program consisted of a set of four incineration tests in the rotary kiln 

incineration system (RKS) at the IRF. These tests were aimed at evaluating PCB destruction, 

and the fate of contaminant trace metals in the sediment, as functions of kiln temperature and 

kiln excess air level. The tests were performed in the RKS with the venturi/packed-column 

scrubber as the primary APCS. 

This report documents the findings of the test program. Section 2 describes the IRF's 

RKS and incinerator operating conditions during the incineration tests. Section 3 discusses the 

sampling and analysis procedures employed during the incineration tests. Section 4 presents the 

incineration test results. Section 5 outlines test conclusions. The appendices provide a complete 

data set from which any information of interest can be extracted for further study. 
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SECTION 2
 

FACILITY DESCRIPTION, COMPOSITION, AND TEST CONDITIONS
 

The IRF's RKS was used for this test program. A description of the system is presented 

in Section 2.1. The waste feed composition used in the tests is discussed in Section 2.2. The test 

matrix and incinerator operating conditions are discussed in Section 2.3. 

2.1 ROTARY KILN INCINERATION SYSTEM DESCRIPTION 

A process schematic of the RKS is shown in Figure 2-1 and the system design 

characteristics are listed in Table 2-1. The IRF RKS consists of a primary combustion chamber, 

a transition section, and a fired afterburner chamber. After exiting the afterburner, flue gas 

flows through a quench section followed by a primary APCS. The primary APCS for these tests 

consisted of the venturi/packed-column scrubber. Downstream of the primary APCS, a backup 

secondary APCS, comprised of a demister, an activated-carbon adsorber, and a high-efficiency 

particulate (HEPA) filter, is in place. The backup APCS is designed to ensure that organic 

compound and particulate emissions to the atmosphere are negligible. The main components 

of the RKS and its APCS are discussed in more detail in the following subsections. 

2.1.1 Incinerator Characteristics 

The rotary kiln combustion chamber has an inside diameter of 1.0 m (39-in) and is 

2.49 m (8 ft 2 in) long. The chamber is lined with refractory formed into a frustroconical shape 

to an average thickness of 18.7 cm (7.375 in). The refractory is encased in a 0.95-cm (0.375-in) 

thick steel shell. Total volume of the kiln chamber, including the transition section, is 1.90 m3 
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TABLE 2-1. DESIGN CHARACTERISTICS OF THE IRF ROTARY KILN INCINERATION 
SYSTEM 

Characteristics of the 
Length 
Diameter, outside 
Diameter, inside 
Chamber volume 
Construction 
Refractory 

Rotation 
Solids retention time 
Burner 

Primary fuel 
Feed system: 

Liquids 
Sludges 
Solids 

Temperature (max) 

Kiln Main Chamber 
2.49 m (8 ft-2 in) 
1.37 m (4 ft-6 in)
 
Nominal 1.00 m (3 ft-3.5 in)
 
1.90 m3 (613 ft3) 
0.95 cm (0375 in) thick cold-rolled steel 
18.7 cm (7375 in) thick high alumina castablc refractory, variable depth to produce 
a frustroconical effect for moving solids 
Clockwise or counterclockwise, 0.2 to 1.5 rpm 
1 hr (at 0.2 rpm) 
North American burner rated at 590 kW (2.0 MMBtu/hr) with liquid feed 
capability 
Natural gas 

Positive displacement pump via water-cooled lance
 
Moyno pump via front face, water-cooled lance
 
Metered twin-auger screw feeder or fiberpack ram feeder
 
1010'C (1850°F)
 

Characteristics of the Afterburner Chamber 
Length 
Diameter, outside 
Diameter, inside 
Chamber volume 
Construction 
Refractory 
Gas residence time 
Burner 

Primary fuel 
Temperature (max) 

3.05 m (10 ft) 
1.22 m (4 ft) 
0.91 m (3 ft) 
1.80 m3 (63.6 ft3) 
0.63 cm (0.25 in) thick cold-rolled steel 
15.2 cm (6 in) thick high alumina castable refractory 
1.2 to 2.5 s depending on temperature and excess air 
North American Burner rated at 590 kW (2.0 MMBtu/hr) with liquid feed 
capability 
Natural gas 
1200°C (2200°F) 

Characteristics of the Ionizing Wet Scrubber APCS
 
System capacity, 85 m3/min (3000 acfm) at 78°C (172°F) and 101 kPa (14.7 psia)
 
inlet gas flow
 
Pressure drop 1.5 kPa (6 in W.C.)
 
Liquid flow 15.1 L/min (4 gpm) at 345 kPa (50 psig)
 
pH control Feedback control by NaOH solution addition
 

Characteristics of the Venturi/Packed-Column Scrubber APCS 
System capacity, 
inlet gas flow 
Pressure Drop 

Venturi scrubber 
Packed column 

Liquid flow 
Venturi scrubber 
Packed column 

pH control 

107 m3/min (3773 acfm) at 1200CC (2200°F) and 101 kPa (14.7 psia) 

7.5 kPa (30 in W.C.) 
1.0 kPa (4 in W.C.) 

77.2 L/min (20.4 gpm) at 60 kPa (10 psig) 
116 L/min (30.6 gpm) at 69 kPa (10 psig) 
Feedback control by NaOH solution addition 
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(67.3 ft3). Four steel rollers support the kiln barrel. A variable-speed DC-motor coupled to a 

reducing gear transmission turns the kiln. Rotation speeds can be varied from 0.2 to 1.5 rpm. 

The afterburner chamber has a 0.91-m (3-ft) inside diameter, and is 3.05 m (10 ft) long. 

The afterburner chamber wall is constructed of a 15.2-cm (6-in) thick layer of refractory encased 

in a 0.63-cm (0.25-in) thick carbon steel shell. The volume of the afterburner chamber is 1.80 m3 

(63.6 ft3). 

2.12 Air Pollution Control System 

For this test program, the primary APCS consisted of a venturi scrubber followed by a 

packed-column scrubber in place on the RKS. The flue gas exiting the afterburner passes 

through a refractory-lined transfer section and enters the quench section, where the flue gas 

temperature is reduced to approximately 8l°C (178°F) by direct injection of aqueous caustic 

scrubber liquor. The cooled flue gas then enters the venturi scrubber, which is fitted with an 

automatically adjustable area throat. The scrubber is designed to operate at 7.5 kPa (30 in W.C.) 

differential pressure, with a maximum liquor flowrate of 77.2 L/min (20.4 gpm). The scrubber 

liquor, again an aqueous caustic solution, enters at the top of the scrubber and contacts the flue 

gas to remove entrained particulates and, to some degree, acid gases. 

Downstream of the venturi scrubber, the flue gas enters the packed-column scrubber, 

where additional acid gas and particulate cleanup occurs. The scrubber column is packed with 
\ 

5.1-cm (2-in) diameter polypropylene ballast saddles to a depth of 2.1 m (82 in). It is designed 

to operate at 1.0 kPa (4 in W.C.) differential pressure, with a maximum liquor flowrate of 

116 L/min (30.6 gpm). 

Both the venturi and packed-column scrubbers receive their scrubber liquor from the 

same recirculation system. This liquor is a dilute NaOH aqueous solution, the pH of which is 
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monitored continuously by a pH-sensor. An integral pH controller automatically meters the 

amount of NaOH needed to maintain the set point pH for proper acid gas removal. 

At the exit of the packed-column scrubber, a demister removes the bulk of the 

suspended liquid droplets. In a typical commercial incinerator system, the flue gas would be 

vented to the atmosphere downstream of this unit. However, at the IRF, a backup APCS is in 

place to further clean up the flue gas. The flue gas exiting the demister is passed through a bed 

of activated carbon, to allow the vapor phase organic compounds to be adsorbed. 

A set of HEPA filters designed to remove suspended particulate from the flue gas is 

located downstream of the carbon bed. An inducted draft fan draws and vents the treated 

effluent gas to the atmosphere. 

 TEST WASTE DESCRIPTION 

Eight 30-gal drums of sediments were dredged from the Hot Spot area of New Bedford 

Harbor for these tests. The Hot Spot area is an area of approximately 5 acres along the western 

bank of the Acushnet River Estuary adjacent to the Aerovox facility. A characterization sample 

representing each drum dredged was shipped to the IRF for pretest analyses. These samples 

were subjected to proximate, PCB, and hazardous constituent trace metals analyses. The results 

of these analyses are shown in Tables 2-2 and 2-3. 

As shown in Table 2-2, the average total PCB concentration of the eight drums was 

5300 ppm, as received. The level required in an RKS feed to be able to just establish 

99.9999 percent DRE at a typical RKS feedrate of 68 kg/hr (150 Ib/hr) is 5100 ppm, just below 

the average dredged drum characterization sample level. Consequently, it was decided to spike 

the test sediment to higher PCB concentrations to provide a margin in the ability to establish 

99.9999 percent DRE, The material used to spike the sediments was an Askarel transformer 

fluid comprised of roughly 75 percent Aroclor 1242 and 25 percent Aroclor 1254. 
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TABLE 2-2. NEW BEDFORD HARBOR CHARACTERIZATION SAMPLE
 
PCB AND PROXIMATE ANALYSIS RESULTS 

PCB concentration*, 
mg/kg Proximate analyses 

Drum Aroclor Aroclor Specific Moisture, Ash, 
number 1242 1254 Total gravity % % 

A-l 846 277 1,120 1.10 81.6 15.3 

A-2 19,500 7,050 26,550 1.03 78.5 16.9 

A-3 1,600 544 2,140 1.26 66.9 29.5 

A-4 546 264 810 1.09 64.8 33.4 

B-l 1,920 551 2,470 1.09 63.0 35.0 

B-2 2,500 678 3,180 1.20 75.2 22.1 

B-3 3,930 731 4,660 1.29 75.7 21.9 

B-4 1,230 242 1,470 1.26 74.9 21.1 

Average 4,010 1,290 5,300 1.17 72.6 24.4 

'Concentrations are on an as-received basis. 

TABLE 2-3. NEW BEDFORD HARBOR CHARACTERIZATION SAMPLE 
METALS ANALYSIS RESULTS 

Metals concentration", mg/kg 
Drum • 

number As Ba Cd Cr Cu Pb Hg Se Ag 

A-l 1.3 70 2.5 59 580 217 0.75 0.15 <0.5 

A-2 2.3 69 2.0 43 670 205 0.85 0.15 <0.5 

A-3 0.9 64 5.0 103 650 210 0.80 <0 .10 0.9 

A-4 2.1 70 4.5 73 407 180 0.65 <0 .10 0.9 

B-l 1.9 76 4.5 101 555 193 0.70 0.20 1.4 

B-2 0.8 64 9.0 216 860 228 0.80 0.10 0.9 

B-3 1.0 66 10.0 168 685 210 0.75 <0 .10 <0.5 

B-4 0.3 63 4.0 136 705 203 0.75 0.15 0.9 

Average 1.3 68 5.2 112 639 206 0.76 0.15 0.8 

"Concentrations are on an as-received basis. 
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As shown in Table 2-3, the test sediments were contaminated with significant levels of 

chromium, copper, and lead, and with lower levels of the other hazardous constituent trace 

metals noted. 

For the test program, all eight drums of sediment were shipped to the IRF, where they 

were combined to form one test feed material. The sediments were combined by transferring 

the contents of all eight drums into a 250-gal mixing container at the IRF. The mixing was 

accomplished by using a concrete hoe and mixing the sediments like a batch of concrete. Since 

the sediments were 60- to 80-percent water, this mixing operation presented no difficulties. 

Prior to testing, the combined sediments were repackaged into 1.5-gal fiberpack 

containers for feeding to the RKS via the ram feeder in place on the system. The PCB spike 

was added to the sediments during this packaging. The packaging procedure was as follows. 

Each plastic-bag-lined fiberpack drum was filled with 5.5 kg (12 Ib) of combined sediments. 

Then 0.2 kg (0.5 Ib) of spike PCB solution was added. The fiberpack drum contents were 

manually stirred, the plastic bag secured with a wire tie, and the drum lid secured. Therefore, 

each fiberpack drum contained 5.7 kg (12.5 Ib) of PCB-contaminated sediment. In addition to 

spiked sediments, 42 fiberpack drums were prepared without the PCB spike for testing using only 

the native sediment. 

2J TEST CONDITIONS 

The test series was designed to evaluate the effects of incinerator operating conditions 

on PCB destruction and trace metal distributions in the incinerator discharge streams. The 

operating parameters varied were kiln exit temperature and kiln excess air (exit flue gas O2). 

Three tests were to cover the range of target kiln exit flue gas temperatures of 816 and 982° C 

(1500 and 1800° F) and target kiln exit O2 levels of 6 to 10 percent, as shown in Table 2-4. A 

fourth test (denoted as Test 3a in Table 2-4) was added to produce ash from the native sediment 
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TABLE 2-4. TARGET INCINERATION TEST CONDITIONS
 

Kiln exit Afterburner exit Kiln exit 

Test 
temperature, 

°C (CF) 
temperature, 

'C('F) 
O2 level, 

% 

1 816 (1500) 1204 (2200) 6 

2 982 (1800) 1204 (2200) 6 

3a 982 (1800) 1204 (2200) 10 

3b 982 (1800) 1204 (2200) 10 

only. For all tests, the operating conditions noted in Table 2-5 were to be held at the nominal 

values noted in the table. 

The actual kiln and afterburner operating conditions achieved for each test are 

summarized in Tables 2-6 and 2-7, respectively. Table 2-8 provides a similar summary of the 

APCS operating conditions for each test. Continuous emission monitor (CEM) data are 

summarized in Table 2-9. The ranges and averages of the temperature, CEM, and scrubber pH 

data presented in Tables 2-6, 2-7, 2-8 and 2-9 were developed for the periods of flue gas 

sampling, using the data automatically recorded by a personal computer (PC) based data 

acquisition system. The values given for the remaining parameters were derived from the control 

room log book data. Problems with the data acquisition system were encountered on the last 

day of testing. The data for tests 3a and 3b were a combination of the data stored in the PC and 

log book data. 

Transcribed operating-parameter data from the control room logs, recorded at 15-min 

intervals, are given in Appendix A. Appendix B contains graphic presentations of the flue gas 

temperatures and emission monitor readings at the kiln and afterburner exits. Appendix B also 

contains graphic presentations of the flue gas emission monitor readings for the scrubber exit 

and stack. These data plots are based on incinerator system conditions recorded at 70-s intervals 
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TABLE 2-5. INCINERATOR SYSTEM OPERATING CONDITIONS HELD CONSTANT
 

Kiln solids residence time

Total waste/sediment feedrate

Scrubber blowdown rate

Venturi liquor flowrate

Venturi pressure drop

Packed tower liquor flowrate

Scrubber liquor temperature

 0.5 hr 

 68.2 kg/hr (150 Ib/hr) 

0 L/min (0 gpm) or minimum operable 

 76 L/min (20 gpm) 

 6.2 kPa (25 in W.C.) 

 115 L/min (30 gpm) 

 49° C (120°F) 
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TABLE 2-6. KILN OPERATING CONDITIONS
 

Test 1 Test 2 Test 3a Test 3b 
Parameter (3/15/91) (3/19/91) (3/21/91) (3/21/91) 

Average natural gas feedrate, 
scm/hr 27 37 44 45 

(scfh) (938) (1,321) (1,570) (1,578) 
kW 275 387 460 462 

(kBtu/hr) (938) (1,321) (1,570) (1,578) 

Average combustion air 
flowrate, 

scm/hr 162 205 337 424 
(scfh) (5,740) (7,250) (11,910) (14,960) 

Average total air flowrate, 
scm/hr 442 522 687 644 

(scfh) (15,610) •(18,430) (24,250) (22,740) 

Average draft, 
Pa 5 5 7 10 

(in W.C.) (0.02) (0.02) (0.03) (0.04) 

Exit temperature 
Range, °C 755-907 945-1,022 939-1,010 968-985 

(°F) 
Average, °C 

(1,391-1,665) 
824 

(1,733-1,871) 
984 

(1,723-1,850) 
981 

(1,775-1,831) 
985 

(•F) (1,516) (1,803) (1,797) (1,805) 

Exit O2 

Range, % 5.8-13.9 6.6-12.0 7.2-11.5 7.0-11.4 
Average, % 11.2 9.0 9.3 10.0 

Average waste feedrate, 
kg/hr 69 69 67 69 

(Ib/hr) (153) (153) (147) (153) 

Average waste heat input, 
kW 42 42 41 42 

(kBtu/hr) (145) (145) (139) (145) 

Total heat input, 
kW 317 429 501 504 

(kBtu/hr) (1,083) (1,466) (1,709) (1,723) 

Calculated residence time, s 4.2 3.1 2.4 2.5 
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TABLE 2-7. AFTERBURNER OPERATING CONDITIONS
 

Parameter 

Average natural gas feedrate, 
scm/hr 

(scfh) 
kW 

(kBtu/hr) 

Average combustion air 
flowrate, 

scm/hr 
(scfh) 

Exit temperature 
Range, °C 

(•F) 
Average, 8C 

Exit O, 
Range, % 

Average, % 

Calculated residence time, s 

Test 1 
(3/15/91) 

62 
(2,183) 

640 
(2,183) 

569 
(20,080) 

1,195-1,221

(2,183-2,229)


1,096

(2,206)


3.2-8.2 
6.4 

1.2 

Test 2 
(3/19/91) 

58 
(2,051) 

601 
(2,051) 

541 
(19,120) 

 1,201-1,213
 (2,194-2,216)
 1,096
 (2,206)

3.6-7.4 
6.0 

1.2 

Test 3a 
(3/21/91) 

59 
(2,095) 

614 
(2,095) 

488 
(17,240) 

 1,164-1,226 
 (2,181-2,239) 
 1,096 
 (2,206) 

2.9-7.6 
6.4 

0.9 

Test 3b 
(3/21/91) 

70 
(2,477) 

726 
(2,477) 

622 
(21,980) 

1,198-1,214 
(2,188-2,217) 

1,096 
(2,206) 

4.3-8.0 
7.0 

1.1 
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TABLE 2-8. AIR POLLUTION CONTROL SYSTEM OPERATING CONDITIONS
 

Parameter 

Average quench chamber liquor flowrate, 
L/min 
(gpm) 

Average venturi scrubber liquor flowrate, 
L/min 
(gpm) 

Average packed-column scrubber liquor 
flowrate 

L/min 
(gpm) 

Scrubber liquor pH, 
Range ' 

Average 

Average scrubber makeup flowrate, 
L/min 
(gpm) 

Average scrubber liquor temperature,
 
°C
 

(•F)
 

Average scrubber inlet gas temperature, 
°C 

(•F) 

Average scrubber exit gas temperature, 
°C 

CF) 

Test 1
(3/15/91)

68 
(18) 

76 
(20) 

114 
(30) 

9.0-10.6 
9.3 

0 
(0.0) 

36 
(97) 

81 
(178) 

49 
(120) 

 Test 2
 (3/19/91)

68 
(18) 

76 
(20) 

114 
(30) 

6.1-7.7 
7.0 

0 
(0.0) 

36 
(97) 

81 
(178) 

49 
(120) 

 Test 3a
 (3/21/91)

68 
(18) 

76 
(20) 

114 
(30) 

7.1-7.6 
7.4 

0.4 
(0.1) 

37 
(99) 

81 
(178) 

52 
(126) 

 Test 3b 
 (3/21/91) 

68 
(18) 

76 
(20) 

114 
(30) 

4.6-9.2 
7.0 

1.9 
(0.5) 

39 
(102) 

81 
(178) 

59 
(138) 
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TABLE 2-9. CONTINUOUS EMISSION MONITOR DATA
 

Parameter 

Kiln exit 
02	 Range, % 

Average, % 
Target, % 

Afterburner exit 
02 Range, % 

Average, % 
Target, % 

Scrubber exit 
02 Range, % 

Average, % 

CO	 Range, ppm 
Average, ppm 

C02	 Range, % 
Average, % 

TUHC	 Range, ppm 
Average, ppm 

NOX	 Range, ppm 
Average, ppm 

Stack 
Range, %02 
Average, % 

CO	 Range, ppm 
Average, ppm 

CO2	 Range, % 
Average, % 

Test 1 
(3/15/91) 

5.8-13.9 
11.2 
6.0 

3.2-8.2 
6/T 

7.0 

5.8-9.6 
8.2 

0-6 
3 

6.4-9.8 
8.0 

2-3 
2 

0-103 
83 

9.6-12.0 
10.8 

4-6 
5 

4.6-7.0 
5.8 

Test 2 
(3/19/91) 

6.6-12.0 
9.0 
6.0 

3.6-7.4 
6.0 
7.0 

6.1-9.2 
8.0 

0-3 
1 

7.1-9.4 
8.0 

1-2 
1 

73-101 
87 

9.0-11.5 
10.0 

3-5 
4 

5.2-7.3 
6.0 

Test 3a 
(3/21/91) 

7.2-11.5 
9.3 

10.0 

2.9-7.6 
6.4 
7.0 

4.5-9.2 
7.8 

2-5 
4 

7.0-8.9 
7.9 

1-2 
1 

79-108 
96 

8.6-10.9 
9.7 

5-6 
6 

5.3-7.1 
6.2 

Test 3b 
(3/21/91) 

7.0-11.4 
10.0 
10.0 

4.3-8.0 
7.0 
7.0 

6.2-9.1 
8.0 

1-6 
3 

6.9-9.8 
8.0 

1-2 
2 

2-115 
90 

7.8-10.3 
9.0 

6-7 
7 

5.4-7.9 
6.0 
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on the data acquisition system. In addition, durations of the various flue gas sampling periods, 

major events, and the cumulative amounts of the waste fed into the incinerator are also included 

on these plots. These data provide the basis for assembling a complete picture of the actual 

incinerator operating conditions. 

Table 2-10 summarizes the actual incinerator exit temperatures and flue gas levels, 

including their ranges and averages for each test during flue gas sampling. These are compared 

with the respective target conditions. For all tests, the average kiln exit temperature was within 

8°C (16°F) of the respective target temperature. 

The actual O2 levels at the kiln exit were generally higher than the target concentrations. 

The higher O2 levels experienced resulted from higher than expected air inleakage into the kiln 

chamber due to the inability to tightly secure a rotating kiln seal. The minimum O2 achievable 

was 9 percent at the kiln exit. The maximum O2 tested was 11.2 percent. As a practical matter, 

these two levels present comparable combustion environments. Consequently, it was not possible 

to test kiln excess air as a variable. Thus, no discussion concerning the effects of varying kiln 

excess air on test measurements is given in Section 4. 

The afterburner exit O2 levels were not specified for the test series. Therefore, a 

nominal O2 of 7 percent was chosen to keep the afterburner at steady state for the test series. 

The average afterburner O2 levels were within 1 percent of this chosen target level. 
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TABLE 2-10. ACTUAL VERSUS TARGET OPERATING CONDITIONS FOR THE NEW BEDFORD HARBOR TESTS
 

Temperature, °C (°F) Flue gas O2, % 

Test Date Target Minimum Maximum Average Target Range Average 

Kiln exit 

1 3/15/91 816 (1500) 755(1391) 907(1665) 824 (1516) 6 5.8 to 13.9 11.2 

2 3/19/91 982 (1800) 945(1733) 1022 (1871) 984 (1803) 6 6.6 to 12.0 9.0 

3a 3/21/91 982 (1800) 939(1723) 1010 (1850) 981 (1797) 10 7.2 to 11.5 9.3 

3b 3/21/91 982 (1800) 968(1775) 999 (1831) 985 (1805) 10 7.0 to 11.4 10.0 

Afterburner exit 

1 3/15/91 1204(2200) 1195(2183) 1221(2229) 1208(2206) 7 3.2 to 8.2 6.4 

2 3/19/91 1204(2200) 1201(2194) 1213(2216) 1208(2206) 7 3.6 to 7.4 6.0 
K> 

3a 3/21/91 1204(2200) 1194(2181) 1226(2239) 1208(2206) 7 2.9 to 7.6 6.4 

3b 3/21/91 1204(2200) 1198(2188) 1214(2217) 1208(2206) 7 4.3 to 8.0 7.0 



SECTION 3
 

SAMPLING AND ANALYSIS PROCEDURES
 

The sampling and analysis efforts were designed to meet the test objectives and to satisfy 

IRF hazardous waste management permit compliance requirements. The scope of the sampling 

effort undertaken during this test program is illustrated in Figure 3-1, in which the sampling 

locations and the corresponding sample collection methods are identified, Table 3-1 summarizes 

the sampling and analysis matrix for this program. Specifically, the sampling effort during each 

test consisted of: 

•	 Collecting a composite sample of the kiln ash 

•	 Collecting a composite sample of the scrubber liquor 

•	 Continuously measuring O2 levels in the kiln exit and afterburner exit flue gases; 

O2, CO, CO2, NOp and TUHC levels at the venturi/packed-column scrubber exit; 

and O2, CO, and CO2 levels in the stack 

•	 Sampling flue gas at the scrubber system exit for PAHs and PCBs 

•	 Sampling flue gas at the scrubber system exit for polychlorinated dibenzo-p-dioxins 

(PCDDs) and dibenzofurans (PCDFs) 

•	 Sampling flue gas at the scrubber system exit for volatile organics 

•	 Sampling flue gas upstream of the scrubber system for particle size distribution 
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TABLE 3-1. SAMPLING AND ANALYSIS MATRIX SUMMARY FOR THE NEW BEDFORD HARBOR SEDIMENT
 
INCINERATION TESTS 

Sample Location Sampling procedure 

Native sediment Shipment drums prior to Thief/composite 
mixing 

Askarel spike Storage container Grab 

Combined sediment Sediment mixing Thief/composite 
feed container prior to 

packaging 

Combined sediment 
feed TCLP Icachate 

Kiln ash Kiln ash pit Thief/composite 

Kiln ash TCLP 
Icachate 

•Reference 2, SW-846. 
"Reference 3, 40 CFR 261, Appendix II. 

Parameter 

PCDs 

Trace metals (Cd, Cr, Cu, Pb) 

PCBs 

Proximate analysis: 
Ash content 
Moisture 
Heating value 

Ultimate analysis (C, H, O, 
N, S, Cl) 

PCBs. PAHs 

Trace metals (Cd, Cr, Cu, Pb) 

TCLP extraction 

Trace metals (Cd, Cr, Cu, Pb) 

PCBs, PAHs 

Trace metals (Cd, Cr, Cu, Pb) 

TCLP extraction 

Trace metals (Cd, Cr, Cu, Pb) 

Analysis 

Method 

Method 3540 extraction with 
Method 8080 analysis for PCBs* 

Method 3050 digestion with 
Method 6010 analysts' 

Dilution; direction injection GC 
analysis by Method 8080* 

ASTM-D-3174 
ASTM-D-3173 
ASTM-D-3286 
ASTM-D-3176 

Method 3540 extraction with 
Method 8270 analysis for PAHs and 
Method 8080 for PCBs1 

Method 3050 digestion with 
Method 6010 analysis' 

Method 1311b 

Method 3010 digestion with 
Method 6010 analysis* 

Method 3540 extraction with 
Method 8270 analysis for PAHs and 
Method 8080 for PCBs* 

Method 3050 digestion with ICAP 
analysis by Method 6010* 

Method 1311" 

Method 3010 digestion and ICAP 
analysis by Method 6010* 

Frequency 

1 composite/drum 

1 composite/drum 

1 sample 

1 composite 

1 composite 

1 composite 

1 composite 

1 composite 

1 composite/test 

1 composite/test 

1 composite/test 

1 composite/test 



TA1ILE 3-1. (concluded) 

Sample Location

Scrubber liquor Scrubber system
collection tank 

Rue gas Afterburner exit

Flue gas Scrubber exit

Stack gas Slack, downstream of
carbon bed/HEPA filter 

•Reference 2, SW-846. 
'Reference 4, 40 CFR 60, Appendix A. 
dRcference 5, Incinerator Metals Guidance. 
'Reference 6, CARB Methods. 
'Reference 7, Water and Wastes. 

 Sampling procedure 

 Tap 

 Method 5C modified for 
multiple metals capture* 

Cascade Impaclor 
(CAKB 501') 

 Method 5C 

Method 5C modified for 
multiple metals capture 

Method 0010* 

Method 0010' 

Method 0030* 

 Method 5C 

Parameter 

PCBs. PAHs 

Trace metals (Cd, Cr, Cu, Pb) 

Trace metals (Cd, Cr, Cu, Pb) 

Paniculate 

Paniculate size distribution 

Paniculate 

HCI 

Trace metals (Cd, Cr, Cu, Pb) 

PAHs and PCBs 

PCDDs/PCDFs 

Volatile organics 

Paniculate 

HCI 

Analysis 

Method 

Method 3510 extraction with 
Method 8270 analysis for PAHs and 
Method 8080 for PCBs1 

Method 3010 digestion and ICAP 
analysis by Method 6010* 

Digestion by Method 3050 
(paniculate) or Method 3010 
(impingers), and ICAP analysis by 
Method 6010 

Method 5 

Gravimetric analysis of impactor 
stages 

Method 5C 

Analysis of impinger solution for Cl 
by specific ion electrode 

Digestion by Method 3050 
(paniculate) or Method 3010 
(impingers), and ICAP analysis by 
Method 6010* 

Method 3540 Soxhlet extraction and 
analysis by Method 8270 for 
scmivolalile organics and 
Method 8080 for PCBs* 

Extraction and analysis by 
Method 82901 

Method 5040* 

Method y 

Analysis of impinger solution for Cl 
by specific ion electrode 

Frequency 

1 composite lest 

1 composite/lest 

I/test 

I/test 

I/test 

I/lest 

I/test 

I/lest 

I/lest 

I/test 

I/test 

I/test 



• Sampling flue gas upstream and downstream of the scrubber system for particulate 

and trace metals, using a variation of EPA Method 5 modified for multiple metals 

capture 

• Sampling downstream of the scrubber system and at the stack downstream of the 

secondary APCS for particulate and HC1 using Method 5 to comply with permit 

requirements 

In addition, grab/composite samples of the waste feed from each drum were taken before the 

wastes were mixed, and a grab/composite sample of the mixed waste feed was taken. 

3.1 SAMPLING PROCEDURES 

The waste was received in eight 30-gal drums. Each drum was thief sampled before its 

contents were poured into the 250-gal mixing container. The waste was mixed by agitating it 

with a concrete hoe. After the waste was mixed, a grab sample was taken from six different 

locations of the mixing container and composited. All waste was packaged into 1.5-gal fiberpack 

drums the day before the first test started. A total of 42 fiberpack drums of native sediment was 

packaged without spike solution. The remaining waste was packaged along with the spike 

solution into the fiberpack drums, and the waste and spike solution were mixed before the 

fiberpack drums were sealed. 

On a test day, the incinerator was brought to nominally steady operation at test 

conditions while firing auxiliary fuel (natural gas) alone, then waste feed was initiated. Flue gas 

sampling was started about 1 hr after waste feed initiation. 

The kiln ash was continuously removed from the ash catch bin by a steel auger and 

conveyed into an initially clean 55-gal steel drum. The entire ash transfer system was sealed to 

prevent sample loss and contamination. A representative sample was collected from the ash 

collection drum at the conclusion of each test. 
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Each test was run with scrubber system operating at, or near, total recycle (zero 

blowdown). At the conclusion of each test day, the incinerator was operated on natural gas for 

2 hr after waste feed cessation. After the 2-hr cleanout time, the scrubber system was drained 

to a storage tank. A composite scrubber liquor sample was collected from the collection tank 

after draining was complete. 

The flue gas, at four locations (kiln exit, afterburner exit, venturi/packed-column 

scrubber exit, and the stack), was continuously monitored for location-specific combinations of 

O2, CO, CO2, NO,, and TUHC. The CEMs available at the IRF, and the locations they 

monitored during these tests, are summarized in Table 3-2. 

The afterburner exit flue gas particulate particle size distribution was determined by 

using a cascade impactor train (California Air Resources Board [CARE] Method 501, 

Reference 6). The flue gas was extracted from the afterburner transfer duct, and the particulate 

matter was classified into several size ranges between 0.3 and 10 um. The larger particles were 

removed with an upstream "precutter" cyclone separator. 

The afterburner exit and the scrubber exit were sampled for particulate matter and trace 

metals, using a variation of the Method 5 sampling train with impingers as specified for multiple 

metals sampling (Reference 4) and noted in Table 3-3. 

The scrubber exit flue gas and the stack gas were sampled for particulate and HC1, using 

a Method 5 train with impingers charged as indicated in Table 3-4. The stack gas sampling 

protocol was required to satisfy the requirements of the IRF's hazardous waste management 

permit. 

The scrubber exit was also sampled for PAHs and PCBs, using an EPA Method 0010 

train (Reference 2). A second Method 0010 train was used to sample for PCDDs/PCDFs at the 
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TABLE 3-2. CONTINUOUS EMISSION MONITORS USED FOR THE TESTS 

Monitor 

Location Constituent Manufacturer Model Principle Range 

Kiln exit 02 Beckman 755 Paramagnetic 0-10 percent 
0-25 percent 
0-100 percent 

Afterburner 02 Beckman 755 Paramagnetic 0-10 percent 
exit 0-25 percent 

0-100 percent 

Scrubber CO Horiba VIA 500 NDIR 0-50 ppm 
exit 0-500 ppm 

C02 Horiba PIR 2000 NDIR 0-20 percent 
0-80 percent 

Unheated Beckman 402 FID 0-10 ppm 
TUHC 0-100 ppm 

0-1,000 ppm 

02 Teledyne 326A Fuel cell 0-5 percent 
0-10 percent 
0-25 percent 

NO. Thermo 10 AR Chemiluminescent 0-75 ppm to 
Electron 0-10,000 ppm in 

multiples of 2 

Stack CO Horiba VIA 500 NDIR 0-50 ppm 
0-500 ppm 

CO2 Horiba PIR 2000 NDIR 0-20 percent 
0-80 percent 

02 Teledyne 326A Fuel cell 0-5 percent 
0-10 percent 
0-25 percent 
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TABLE 3-3. MULTIPLE METALS TRAIN IMPINGER SYSTEM REAGENTS 

Impinger 
number Reagent Quantity 

1 Empty 

2 0.1 N NaOH 100 mL 

3 5 percent HNO3 and 10 percent H2O2 100 mL 

4 5 percent HNO3 and 10 percent H2O2 100 mL 

5 Silica gel 750 g 

TABLE 3-4. STACK METHOD 5 TRAIN IMPINGER SYSTEM REAGENTS 

Impinger number Reagent Quantity 

1 0.1 N NaOH 100 mL 

2 0.1 N NaOH 100 mL 

3 0.1 NNaOH 100 mL 

4 Silica gel 750 g 

scrubber exit. Volatile organic sampling train (VOST) sampling by EPA Method 0030 

(Reference 2) was performed at the scrubber exit. 

 LABORATORY ANALYSIS PROCEDURES 

The numbers of samples collected for analysis during the incineration test series are 

summarized in Table 3-5. The sample collection procedures resulted in eight individual waste 

sediment samples and one composite waste sediment sample. One sample of the PCB spike 

material was taken, resulting in a total of 10 waste feed samples for the test series. One set of 

kiln ash samples was taken for each test. This includes the extra test with native sediment only 

as the waste feed. No flue gas characterization was done for the native sediment test; however, 

one set of flue gas characterization samples was collected for each of the other tests. Scrubber 

liquor samples were collected for all tests except the native sediment test. 
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TABLE 3-5. SUMMARY OF TEST SAMPLES
 

Sample type 

Individual sediment feed (before combining) 

Askarel spike 

Combined sediment feed 

Sediment feed TCLP leachate 

Kiln ash 

Kiln ash TCLP leachate 

Composite scrubber liquor 

Afterburner exit: 

Particulate/metals train:
 
Probe wash filter
 
Impingers (1,2,3, and 4 combined)
 

Venturi/packed-column scrubber exit flue 
gas: 

Particulate/metal train: 

PCBs and PAHs
 
Trace metals (Cd, Cr, Cu, Pb)
 
TCLP extraction
 

Trace metals (Cd, Cr, Cu, Pb)
 

PCBs and PAHs
 
Trace metals (Cd, Cr, Cu, Pb)
 

Trace metals (Cd, Cr, Cu, Pb)
 
Trace metals (Cd, Cr, Cu, Pb)
 

4
4
4 

3
3 

Probe wash/filter 
Impingers (1, 2, 3, and 4 combined) 

Method 0010 train 
Method 0010 train 
Method 0030 

Sample trap pair 

Particulate/HCl train: 
Probe wash/filter 
Impingers (1, 2, and 3 combined) 

Stack gas: 

Particulate/HCl train: 

Number of samples 

Analyte Each test Total 

PCBs 
Trace metals (Cd, Cr, Cu, Pb) 

PCBs 

Proximate, ultimate, and silica 
PCBs and PAHs 
Trace metals (Cd, Cr, Cu, Pb) 
TCLP extraction 

Trace metals (Cd, Cr, Cu, Pb) 

Trace metals (Cd, Cr, Cu, Pb) 3 
Trace metals (Cd, Cr, Cu, Pb) 3 
PCBs and PAHs 3 
PCDDs/PCDFs 3 

Volatile organics 

Particulate 3 
Chloride 3 

Probe wash/filter Particulate 
Impingers (1, 2, and 3 combined) Chloride 

3
3 

3-9
 



An aliquot of the composited sediment feed and each test's kiln ash was subjected to 

the TCLP leaching procedure and analyzed for cadmium, chromium, copper, and lead. Waste 

feed samples, kiln ash samples, and scrubber liquor samples were analyzed separately for: 

• PCBs by Method 3540 extraction and Method 8080 analysis 

• PAHs by Method 3540 extraction and Method 8270 analysis for the analytes listed 

in Table 3-6 

• Cadmium, chromium, copper, and lead 

Semivolatile organic constituents were determined by Method 8270. Solid samples (i.e., 

sediment feed, kiln ash, and Method 0010 train samples) were Soxhlet-extracted (Method 3540) 

prior to analysis; liquid samples (i.e., scrubber liquor) were liquid/liquid-extracted (Method 

3510). Trace metals analyses were performed by inductively coupled argon plasma (ICAP) 

spectrometry (Method 6010). Solid samples were digested by Method 3050 for analysis; liquid 

samples were digested by Method 3010. PCB analyses were performed by Method 8080. 

Flue gas paniculate load was determined by desiccating the filter and probe wash of the 

venturi/packed-column scrubber exit and the stack Method 5/HC1 train. HC1 at the scrubber 

exit and stack was determined by analyzing the combined impinger solutions from the respective 

Method 5/HC1 trains for chloride, using specific ion electrode analysis. 

Scrubber exit flue gas was sampled for PCDDs/PCDFs by Method 0010. Sampling train 

samples were analyzed by Method 8290. The scrubber exit flue gas was also sampled for volatile 

organics by Method 0030. Collected sample traps were analyzed by Method 5040. The target 

analytes are listed in Table 3-7. 

The composite waste sediment feed sample was subjected to proximate (moisture, ash 

content, and heat content) analysis, and ultimate (C, H, O, N, S, Cl) analysis according to ASTM 

methods. 
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TABLE 3-6. POLYNUCLEAR AROMATIC
 
HYDROCARBONS ANALYTES 

Naphthalene 

Acenapththene 

Fluoranthene 

Phenanthrene 

Pyrene 

Benzo(a)anthracene 

Benzo(a)pyrene 

TABLE 3-7. VOLATILE ORGANIC CONSTITUENTS DETERMINED 
IN METHOD 0030 SAMPLES 

Acetone cis- 1,3-Dichloropropene 

Benzene Trans- 1,3-Dichloropropene 

Bromodichloroethane Ethylbenzene 

Bromoform 2-Hexanone 

2-Butanone 4-Methyl-2-pentanone 

Carbon disulfide Methylene chloride 

Carbon tetrachloride Styrene 

Chlorobenzene 1,1,2,2-Tetrachloroethane 

2-Chloroethylvinylether Tetrachloroethylene 

Chloroform Toluene 

Dibromochloromethane 1,1,1-Trichloroethane 

1,1-Dichloroethane 1,1,2-Trichloroethane 

1,2-Dichloroethane Trichloroethylene 

1,1-Dichloroethene Vinyl acetate 

Trans-l,2-Dichloroethene Xylenes (total) 

1,2-Dichloropropane 
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Ultimate analyses were performed by Galbraith Laboratories in Knoxville, Tennessee. 

Semivolatile organic, PCB, and HC1 analyses were performed at the IRF analytical laboratory. 

Trace metal and Method 0030 sample analyses were performed by the Environmental 

Monitoring and Support Laboratory (EMSL) in Cincinnati, Ohio. The PCDDs/PCDFs analyses 

were performed by Triangle Laboratories, Inc., in Research Triangle Park, North Carolina. 
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SECTION 4
 

TEST RESULTS
 

The results of the test program are discussed in this section. Test results are grouped 

by analyte class. Thus, Section 4.1 presents the sediment feed proximate and ultimate analysis 

results. Section 4.2 discusses the PCS and other organic constituent measurements, including 

the DREs obtained for the PCBs and the effectiveness of incineration in decontaminating test 

sediments. Section 4.3 discusses the trace metal measurements, including the distributions of 

contaminant metals among the incinerator discharge streams as a function of incinerator 

operation. Finally, Section 4.4 presents the results of the flue gas paniculate, HC1, and particle 

size distribution measurements. 

4.1 PROXIMATE AND ULTIMATE ANALYSIS RESULTS 

The proximate and ultimate analysis results for the composite sediment sample analyzed 

are presented in Table 4-1. Comparing the data in Table 4-1 with those in Table 2-2 shows that 

the composite sediment prepared for testing had a slightly lower moisture content and a slightly 

higher ash content than the characterization samples taken for pretest analysis. 

Table 4-2 summarizes the cumulative sediment weight fed for each test and the total 

amount of kiln ash collected. As indicated in the table, between 25 and 30 percent of the 

sediment weight fed for a given test was collected as kiln ash. This fraction agrees quite well 

with the ash content of the sediment obtained by proximate analysis shown in Table 4-2. 
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TABLE 4-1. PROXIMATE AND ULTIMATE ANALYSIS RESULTS 
FOR THE COMPOSITE SEDIMENT FEED SAMPLE 

Proximate Analyses 

Moisture, % 63.9 

Ash, % 28.5 

Volatile matter, % 5.9 

Fixed carbon, % 1.4 

Higher heating value, kJ/kg 2200 

(Btu/lb) (948) 

Ultimate Analysis,% 

C 11.1 

H 1.2 

N 0.4 

S 0.6 

Cl 0.9 

TABLE 4-2. SEDIMENT FEED AND ASH COLLECTED 

Ash collected 

Test 
Total sediment fed, 

kg(lb) 
Weight, 
kg (Ib) 

Fraction of 
feed, 

% 

1 (3/15/91) 284 (625) 85 (187) 30 

2 (3/19/91) 284 (625) 76 (168) 27 

3a (3/21/91) 229 (504) 62 (136) 27 

3b (3/22/91) 318 (700) 80 (175) 25 
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42 PCB, SEMIVOLATILE AND VOLATILE ORGANIC, AND DIOXIN/FURAN 
ANALYSIS RESULTS 

Results of the organic analyses of test program samples and their implications are 

discussed in the following subsections. The discussion is organized by organic analyte. 

42.1 PCB Analysis Results and Destruction Efficiencies 

Table 4-3 summarizes the results of the PCB analyses of the sediment feed samples 

analyzed. Recall from Section 3 that samples of each of the eight drums received were taken 

for PCB analysis prior to combining them into the composite sediment feed. A composite feed 

and the Askarel spiking liquid were also analyzed. 

Comparing the data in Table 4-3 with the characterization sample PCB analysis data in 

Table 2-2 shows that all samples taken from the drums delivered to the IRF contained 

significantly higher levels of both contaminant PCB formulations (i.e., Aroclor 1242 and 

Aroclor 1254) than did the characterization samples analyzed prior to sediment shipment. Only 

TABLE 4-3. SEDIMENT FEED PCB ANALYSIS RESULTS
 

PCB Concentration, mg/kg 

Sample Aroclor 1242 Aroclor 1254 

Drum A-l 11,400 3,030 

Drum A-2 15,100 5,680 

Drum A-3 3,820 1,170 

Drum A-4 1,230 715 

Drum B-l 4,490 1,700 

Drum B-2 4,410 1,050 

Drum B-3 8,170 1,830 

Drum B-4 1,930 447 

Average 6,320 1,950 

Composite sediment 4,850 1,300 

Askarel spiking liquid 753,000 24,700 
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for drums A-2 and B-4 were the characterization sample analysis results comparable to levels 

measured in the delivered drum samples. The combined drum composite sediment PCB levels 

were comparable to, though less than, the eight-drum average level. The Askarel spiking liquid 

was pure PCB, comprised of roughly 75 percent Aroclor 1242 and 25 percent Aroclor 1254. 

Table 4-4 summarizes the PCB contents of each incineration test sample. As indicated, 

the spiked sediment feed contained 3.48 percent Aroclor 1242 and 1.11 percent Aroclor 1254. 

The kiln ash resulting from the incineration of the sediments (both spiked and native) had 

substantially reduced, though still significant, PCB contents. The kiln ash for the spiked sediment 

feeds contained between 96 and 177 mg/kg of Aroclor 1242, and between 32 and 84 mg/kg of 

Aroclor 1254. These levels were between 0.3 and 0.5 percent of the spiked sediment feed level 

of Aroclor 1242, and between 0.3 and 0.8 percent of the spiked sediment feed level of 

Aroclor 1254. Interestingly, within the range of the variability of the data, the higher kiln 

temperature tested for Tests 2 and 3 was no more effective in "removing" PCBs from the kiln 

ash than the lower temperature tested in Test 1. 

The kiln ash from the native sediment feed test also contained significant PCB levels, 

corresponding to 1.2 percent of the native sediment concentration for Aroclor 1242, and 

3.4 percent for Aroclor 1254. 

No scrubber liquor sample contained detectable PCB at practicable quantitation limits 

(PQLs) of 1 jig/L for Aroclor 1242, and 0.3 ng/L for Aroclor 1254. The scrubber exit flue gas 

contained low, though measurable, levels of both PCB formulations in Tests 1 and 2. 

Table 4-5 summarizes the degree of PCB decontamination achieved in each test, in 

terms of the fraction of the amount of PCB introduced in the incinerator feed accounted for by 

the resulting kiln ash. As shown in the table, about 0.1 percent of the Aroclor 1242 and about 

0.1 to 0.2 percent of the Aroclor 1254 feed in spiked sediments was accounted for in the kiln ash 
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TABLE 4-4. PCB ANALYSIS RESULTS
 

PCB Concentration 

Sample 

Spiked sediment feed, %

Test 1: 

Kiln ash, mg/kg
Percent of feed

Scrubber liquor, ug/L
Scrubber exit flue gas, ug/dscm

Test 2: 

Kiln ash, mg/kg
Percent of feed

Scrubber liquor, ug/L
Scrubber exit flue gas, ug/dscm

Test 3b: 

Kiln ash, mg/kg
Percent of feed

Scrubber liquor, ug/L
Scrubber exit flue gas, ug/dscm

Composite native feed, mg/kg

Test 3a: 

Kiln ash, mg/kg

Percent of feed


Scrubber liquor, ug/L


Aroclor 1242


 3.48 

 133
 
 0,38
 

 < 1
 
 0.76 

 96
 
 0.28
 

 < 1
 
 0.54 

 177
 
 0.51
 

 < 1
 
 <0.26 

 4850
 

 57
 
 1.2
 

 < 1
 

 Aroclor 1254
 

1.11 

84
 
0.76 
<0.3 
0.22 

32
 
0.29 
<0.3 
0.21 

68
 
0.61 
<0.3 

<0.09 

1300
 

44
 
3.4 

<0.3 
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• TABLE 4-5. PCS DECONTAMINATION EFFECTIVENESS
 

Parameter

Test 1: 

Sediment feed 

Concentration, %
Amount fed, kg

Kiln ash 

Concentration, mg/kg
Amount discharged, g
Fraction of amount fed, %

Test 2: 

Sediment feed 

Concentration, %
Amount fed, kg

Kiln ash 

Concentration, mg/kg
Amount discharged, g
Fraction of amount fed, %

Test 3a: 

Sediment feed 

Concentration, %
Amount fed, kg

Kiln ash 

Concentration, mg/kg
Amount discharged, g
Fraction of amount fed, %

Test 3b: 

Sediment feed 

Concentration, %
Amount fed, kg

Kiln ash 

Concentration, mg/kg
Amount discharged, g
Fraction of amount fed, %

 Aroclor 1242 Aroclor 1254 

 3.48 1.11 
 9.87 3.15 

 133 84 
 11.3 7.1 

 0.11 0.22 

 3.48 1.11 
 9.87 3.15 

 96 32 
 7.3 2.5 

 0.07 0.08 

 0.485 0.130 
 1.11 0.30 

 57 44 
 3.5 2.7 

 0.32 0.91 

 3.48 1.11 
 11.05 3.52 

 177 68 
 14.1 5.3 

 0.13 0.15 
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produced. The remaining 99.8 to 99.9 percent was removed and largely destroyed, as discussed 

below. Higher fractions of feed PCBs were present in the kiln ash from the native sediment test: 

0.3 percent for Aroclor 1242, and 0.9 percent for Aroclor 1254. 

The data shown in Tables 4-4 and 4-5 confirm that incineration under the conditions tested 

was not sufficient to completely decontaminate the sediments. The incineration temperatures 

tested, 820° to 980° C (1,500° to 1,800° F), were typical of those that have resulted in successful 

decontamination, as was the kiln solids residence time (0.5 hr). However, the New Bedford 

Harbor marine sediments contained substantial moisture, over 60 percent. Evidently, with such 

high moisture content, solids bed temperatures were not raised to levels needed for more 

complete PCB destruction in the residence time available. It is suspected that longer solids 

residence times, perhaps on the order of 1 hr, would allow essentially complete, or certainly more 

complete, PCB decontamination. 

Table 4-6 takes the scrubber exit flue gas PCB concentrations noted in Table 4-4, and 

combines them with sediment feedrate and flue gas flowrate data to give the PCB DREs 

achieved for the tests. As shown in the table, greater than the regulation-required 

99.9999 percent PCB DRE was achieved for all three tests. 

422 Semivolatile and Volatile Organic Analysis Results 

As noted in Section 3, the seven PAH compounds listed in Table 3-6 were analyzed for in 

composite sediment feed; and each kiln ash, scrubber liquor, and scrubber exit flue gas sample 

for Tests 1, 2, and 3b. None were detected in any sample at PQLs of 50 mg/kg in sediment 

feed, 1.3 mg/kg in kiln ash, 20 ug/L in scrubber liquor, and 6 ug/dscm in scrubber exit flue gas. 

In addition, as noted in Section 3, the scrubber exit flue gas was sampled for volatile 

organic target compound listed (TCL) constituents by Method 0030 (VOST). The constituents 

analyzed for are tabulated in Table 3-7. Analysis results are summarized in Table 4-7. 
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TABLE 4-6. PCB DREs 

Parameter 

Sediment feed: 

Sediment feedrate, kg/hr 

Aroclor 1242 feedrate, g/hr 

Aroclor 1254 feedrate, g/hr 

Scrubber exit flue gas: 

Flue gas flowrate, dscm/min 

Aroclor 1242 concentration, ug/dscm 
emission rate, ug/hr 
DRE, % 

Aroclor 1254 concentration, ^g/dscm 
emission rate, ng/hr 
DRE, % 

Test 1 
(3/15/91) 

69.5 

2420 

773 

33.9 

0.76 
1.6 

99.999936 

0.22 
0.5 

99.99994 

Test 2 
(3/19/91) 

69.5 

2420 

773 

32.9 

0.54 
1.1 

99.999956 

0.21 
0.5 

99.99994 

Test 3b 
(3/21/91) 

69.3 

2410 

771 

30.6 

<0.26 
<0.5 

> 99.999980 

<0.09 
<0.2 

> 99 .99998 

TABLE 4-7. VOLATILE ORGANIC CONSTITUENTS DETECTED IN 
SCRUBBER EXIT FLUE GAS 

Constituent 

Acetone 

Benzene 

Bromoform 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroform 

1, 1-Dichloroethene 

Methylene chloride 

Toluene 

Trichloroethene 

Ail others" 

Concentration, pg/dscm 

Test 1 Test 2 Test 3b 
(3/15/91) (3/19/91) (3/21/91) 

5.1 ND* ND 

ND ND 0.9 

ND ND 0.8 

4.1 0'.6 0.4 

ND ND 0.2 

1.6 3.9 ND 

0.2 ND 0.4 

0.6 ND 0.2 

240 ND 24 

0.6 3.7 ND 

0.1 ND ND 

ND ND ND 

"ND = Not detected, <0.1 ug/dscm. 
bSee Table 3-7. 
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423 Dioxin and Furan Analysis Results 

As noted in Section 3, the scrubber exit flue gas was also sampled and analyzed for 

PCDDs/PCDFs. Results are summarized in Table 4-8. As shown, total tetra-CDD (TCDD), 

penta-CDD (PeCDD), hexa-CDD (HxCDD), and hepta-CDD (HpCDD) levels were in the 

nominal 10 to 20 pg/dscm range for all three tests, with octa-CDD (OCDD) levels in the 30 to 

60 pg/dscm range. Flue gas PCDF levels were significantly greater, ranging up to about 

2800 pg/dscm for TCDF. 

The 2,3,7,8-TCDD toxicity equivalents corresponding to the isomer concentrations noted 

are also given in Table 4-8. The toxicity equivalency factors given in Table 4-9 were used to 

calculate the toxicity equivalents noted in Table 4-8. As shown, the scrubber exit flue gas 

PCDD/PCDF levels corresponded to 2,3,7,8-TCDD toxicity equivalents ranging from nominally 

50 to 100 pg/dscm. 

43 TRACE METAL DISCHARGE DISTRIBUTIONS 

As noted in Section 1, one of the primary objectives of the test program was to evaluate 

the fate of the contaminant trace metals cadmium, chromium, copper, and lead in the 

incineration treatment of the New Bedford Harbor sediments. Another primary objective was 

to investigate whether incineration conditions affected the distribution of these metals in the 

incinerator discharges, including their leachability from the kiln ash. Concentrations of these 

metals were measured in the kiln ash, scrubber liquor, afterburner exit flue gas, scrubber exit flue 

gas, and kiln ash TCLP leachate. Based on these concentrations, the trace metal distributions 

among the discharge streams were determined. Results of these evaluations are discussed in the 

following subsections. 
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TABLE 4-8. FLUE GAS PCDD/PCDF ANALYSIS RESULTS
 

Scrubber exit flue gas concentration, 

Analyte 

Total TCDD 
2,3,7,8-TCDD 

Total PeCDD 
1,2,3,7,8-PeCDD 

Total HxCDD 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 

Total HpCDD 
1,2,3,4,6,7,8-HpCDD 

OCDD 

Total TCDF 
2,3,7,8-TCDF 

Total PeCDF 
1,2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 

Total HxCDF 
1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
2,3,4,6,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 

Total HpCDF 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 

OCDF 

2,3,7,8-TCDD equivalents 

pg/dscm 

Test 1 Test 2
 
(3/15/91) (3/19/91)
 

16 10
 
3 3
 

5 10
 
2 I1
 

11 8
 
I11
 

1 1
 
2 <1
 

8 23
 
8' 13
 

43 60
 

2790 1780
 
460 280
 

780 300
 
75 33
 
89 30
 

130 70
 
35 20
 
13 8
 
16 10
 
1« 1
 

5 20
 
11s 10
 

2 3
 

13 10
 

104 52
 

Estimated maximum possible concentration. 
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Test 3b 
(3/21/91) 

8
 
3
 

5
 
<3
 

8
 
<3
 
<2
 
<3
 

19
 
8
 

30
 

1480
 
270
 

430
 
35
 
46
 

150
 
38
 
14
 
22
 
<2
 

2
 
22s
 

5'
 

16
 

62
 



TABLE 4-9. 2,3,7,8-TCDD TOXICITY EQUIVALENT FACTORS (Reference 8) 

Toxicity 
Compound equivalent factor 

2,3,7,8-TCDD 1 
Other TCDDs 0 

2,3,7,8-PeCDD 0.5 
Other PeCDDs 0 

2,3,7,8-HxCDD 0.1 
Other HxCDDs 0 

2,3,7,8-HpCDD 0.01 
Other HpCDDs 0 

OCDD 0.001 

2,3,7,8-TCDF 0.1 
Other TCDFs 0 

1,2,3,7,8-PeCDF 0.05 
2,3,4,7,8-PeCDF 0.5 
Other PeCDFs 0 

2,3,7,8-HxCDFs 0.1 
Other HxCDFs 0 

2,3,7,8-HpCDFs 0.01 
Other HpCDFs 0 

OCDF 0.001 

4.3.1 Sample Concentrations 

Table 4-10 summarizes the concentrations of the test metals in sediment samples and in 

each of the incinerator discharge streams (complete analysis results are given in Appendix C). 

The average concentration of each metal for all eight drums was calculated and is also given in 

Table 4-10. The calculated average metal concentrations agree very well with the metal 

concentrations reported in the sample of the combined feed material. This indicates that the 

procedure used to combine and mix the eight drums created a relatively homogeneous feed 

material with respect to trace metal content. 
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TABLE 4-10. TRACE METALS ANALYSIS RESULTS
 

Sample 

Sediment feed: 

Drum A-l, mg/kg
 
Drum A-2, mg/kg
 
Drum A-3, mg/kg
 
Drum A-4, mg/kg
 
Drum B-l, mg/kg
 
Drum B-2, mg/kg
 
Drum B-3, mg/kg
 
Drum B-4, mg/kg
 

Average, mg/kg 

Composite, mg/kg 

Composite sediment TCLP leachate, mg/L 

Test 1 (3/15/91): 

Kiln ash, mg/kg
 
Kiln ash TCLP leachate, mg/L
 
Afterburner exit flue gas, jig/dscm
 
Scrubber exit flue gas, yg/dscm
 
Scrubber liquor, mg/L
 

Test 2 (3/19/91): 

Kiln ash, mg/kg
 
Kiln ash TCLP leachate, mg/L
 
Afterburner exit flue gas, ng/dscm
 
Scrubber exit flue gas, jig/dscm
 
Scrubber liquor, mg/L
 

Test 3a (3/21/91): 

Kiln ash, mg/kg 

Test 3b (3/21/91): 

Kiln ash, mg/kg
 
Kiln ash TCLP leachate, mg/L
 
Afterburner exit flue gas, iig/dscm
 
Scrubber exit flue gas, ug/dscm
 
Scrubber liquor, mg/L
 

TCLP regulatory level, mg/L 

"— = Not a TCLP metal. 

Cd 

3.7 
2.0 
7.4 
2.0 
5.1 
22.4 
12.1 
9.5 

8.0 

7.4 

0.11 

9.5 
0.26 
42.3 
34.9 
0.14 

2.7 
0.046 
77.6 
55.3 
0.27 

2.3 

2.0 
0.043 
51.6 
79.0 
0.73 

1.0 

Cr 

149
 
40
 
169
 
46.5
 
126
 
242
 
223
 
230
 

153
 

161
 

0.041 

376
 
0.048
 
219
 
158
 
1.9 

434
 
0.030
 
136
 
73.2
 
1.4
 

367
 

357
 
0.03
 
126
 
83.9
 
1.3
 

5.0 

Cu 

383
 
288
 
346
 
160
 
242
 
388
 
424
 
353
 

323
 

308
 

0.066 

608
 
6.3
 
571
 
421
 
4.5 

828
 
3.01
 
768
 
436
 
2.6 

785
 

721
 
3.0
 
519
 
750
 
3.4 

a 

Pb 

241
 
163
 
281
 
163
 
185
 
252
 
266
 
241
 

224
 

236
 

1.2 

277
 
0.71
 
1030
 
903
 
8.8 

75.6 
0.17
 
1814
 
1273
 
5.4 

96
 

62
 
0.41 
984
 
2020
 
5.6 

5.0 
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The concentrations of chromium and copper in resulting kiln ashes were higher than the 

composite sediment feed sample for all tests, and were higher for cadmium and lead for the low

kiln-temperature test (Test 1). This reflects the weight reduction in going from sediment to kiln 

ash during incineration. However, the cadmium and lead concentrations in kiln ash were 

significantly lower in the high-kiln-temperature tests (Tests 2 and 3) when compared to the 

Test 1 kiln ash concentrations; and were also lower than the corresponding sediment feed 

concentrations. Flue gas cadmium and lead concentrations, both in the afterburner exit flue gas 

and the scrubber exit flue gas were generally higher for Tests 2 and 3 than for Test 1 as well. 

Both these trends are the result of the somewhat volatile behavior of these two metals. The 

extent of volatilization of these metals was evidently higher in Tests 2 and 3 than in Test 1, giving 

rise to lower kiln ash, and generally higher flue gas, concentrations of these metals for the higher 

temperature tests. This behavior is discussed in more detail in Subsection 4.3.2. 

Table 4-10 also notes the TCLP regulatory limit for the three TCLP metals determined. 

Comparing composite feed and kiln ash TCLP leachate and scrubber liquor metal concentrations 

to the TCLP regulatory levels shows that: 

•	 The composite sediment feed would not be a toxicity characteristic (TC) hazardous 

waste based on leachable cadmium, chromium, or lead concentrations 

•	 No test kiln ash would be a TC hazardous waste based on leachable cadmium, 

chromium, or lead concentrations 

•	 The scrubber liquor of each of the three tests would be a TC hazardous waste based 

on lead concentration, but not on cadmium or chromium concentrations 

Because the TCLP test involves producing 20g of leachate per gram of solid leached, the 

TCLP leachate concentration in mg/L can be used to calculate the fraction of metal in each 

matrix that is "mobile," or leachable, in the procedure. Table 4-11 shows these fractions 

4-13
 



TABLE 4-11. TCLP-LEACHABLE TRACE METAL CONTENTS 

Fraction teachable, % 

Composite Test 1 Test 2 Test 3b 
Metal sediment feed kiln ash kiln ash kiln ash 

Cadmium 30 54 34 43 

Chromium 0.5 0.3 0.1 0.2 

Copper 0.4 21 7.3 8.4 

Lead 10 5.1 4.4 13 

leachable for each metal for the composite sediment feed and kiln ashes. As shown in the table, 

very low fractions, less than 1 percent, of the copper and lead in the sediment feed leached in 

the TCLP. However, measurable levels of cadmium and lead were leachable from the feed. The 

fractions of cadmium, lead, and chromium -from samples of resulting kiln ash remained 

comparable to the fractions leachable from the sediment feed, and did not vary with test 

condition (i.e., kiln temperature). 

In contrast, the fractional leachability of copper was significantly increased in kiln ash 

samples compared to the sediment feed, with even greater leachability from the low-temperature

test ash than from the high-temperature-test ashes. Evidently the incineration of the sediments 

"mobilized" the copper in the sediments, with greater mobilization occurring at the low kiln 

temperature. 

432 Discharge Distributions 

Table 4-10 shows measured concentrations of the trace metals in the discharge streams 

analyzed. These concentrations can be combined with feed soil and discharge stream mass 

flowrate information to better show how the metals distribute among the discharge streams as 

a function of incineration condition. These distributions are discussed in the following 

paragraphs. 
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Table 4-12 summarizes trace metal distributions among the incinerator discharge streams 

expressed as fractions (in percent) of the amount of each metal fed to the incinerator for each 

test. Thus, the values in the table represent the fraction of the metal feed to the kiln accounted 

for by the noted discharge. The rows labeled "total" represent the total amount of metal feed 

accounted for by the sum of the discharges analyzed. Thus, these rows represent the degree of 

mass balance closure achieved for each metal for each test. 

Two sets of data are shown in Table 4-12. One set notes metal distributions for kiln ash 

and afterburner exit flue gas. The "total" row for this set of data represents the degree of mass 

balance closure achieved around the combustor portion of the RKS. For this portion, the inlet 

stream is the sediment feed, and the two outlet streams are kiln ash and afterburner exit flue 

gas. 

The second set of data notes metal distributions for kiln ash, scrubber exit flue gas, and 

scrubber liquor. The "total" row for this set of data represents the degree of mass balance 

closure achieved around the conventional incineration system portion of the RKS. For this 

portion, the inlet stream is again the sediment feed; the outlet streams are now the kiln ash, the 

scrubber exit flue gas, and the scrubber liquor. 

The data in Table 4-12 show that mass balance closure around the combustor portion of 

the RKS (kiln ash and afterburner exit flue gas as discharges) were in the nominal 65 to 

75 percent range. For both these metals, the kiln ash fraction predominated. In contrast, mass 

balance closures for cadmium and lead around the combustor portion of the RKS were poorer, 

29 to 54 percent for cadmium, and 22 to 47 percent for lead. For these metals, the kiln ash 

fractions were lower and measured afterburner fractions significantly higher. 

Mass balance closures around the conventional incineration system portion of the RKS 

(kiln ash, scrubber exit flue gas, and scrubber Liquor as discharges) were uniformly better for all 

4-15
 



TABLE 4-12. TRACE METAL DISTRIBUTIONS
 

Test 

Kiln exit temperature, °C 

Kiln exit O2, % 

Cadmium 
Kiln ash 
Afterburner exit flue gas 

Total 

Kiln ash 
Scrubber exit flue gas 
Scrubber liquor 

Total
 

Chromium
 

Kiln ash
 
Afterburner exit flue gas 

Total 

Kiln ash 
Scrubber exit flue gas 
Scrubber liquor 

Total 

Copper 

Kiln ash 
Afterburner exit flue gas 

Total 

Kiln ash 
Scrubber exit flue gas 
Scrubber liquor 

Total 

Lead 

Kiln ash 
Afterburner exit flue gas 

Total 

Kiln ash 
Scrubber exit flue gas 
Scrubber liquor 

Total 

1 2 
(3/15/91) (3/19/91) 

824 984 
(1516) (1803) 
11.2 9.0 

3b 
(3/21/91) 

985 
(1805) 

10.0 

Distribution, % of 

38 10 
16 25 

54 35 

38 10 
14 22 
10 20 

62 52 

70 73 
4 2 

74 75 

70 73 
3 1 
6 5 

79 79 

59 72 
5 6 

64 78 
59 72 

4 4 
2 5 

71 81 

35 9 
12 18 

47 27 

35 9 
11 16 
20 13 
66 38 

metal fed 

8 
21 

29 
8 

37 
58 

103 

65 
2 

67 

65 
2 
5 

72 

71 
5 

76 
71 
8 
7 

86 

10 
12 
22 
10 
30 
14 
54 
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metals. Kiln ash fractions remained constant. Scrubber exit flue gas fractions were generally 

comparable to measured afterburner exit flue gas fractions. However, the addition of the 

scrubber liquor fraction improved the mass balance closures achieved. This observation is 

consistent with past IRF experience. Despite the fact that the afterburner exit sampling location 

is acceptable with respect to the ability to perform an isokinetic duct traverse, the IRF 

experience has been that flue gas metal concentrations measured at this location are generally 

lower than expected. 

Mass balance closures around the conventional incineration system portion of the RKS 

ranged from 52 to 103 percent for cadmium, 72 to 79 percent for chromium, 71 to 86 percent 

for copper, and 38 to 66 percent for lead. These levels of mass balance closure are considered 

excellent when viewed in light of past experience on achieving trace metal mass balance closures 

from a variety of combustion sources, incinerators included. Typical mass balance closure results 

from this past experience have been, at best, in the 30 to 200 percent range. 

A clearer picture of the variation in relative metal distributions with incinerator operation 

is possible when the data in Table 4-12 are normalized by the total mass balance closure 

achieved. Table 4-13 summarizes the test metal distribution data in this form. The distribution 

fractions in Table 4-13 have been normalized to the total amount of each metal measured in all 

the discharge streams analyzed. Thus, these normalized values represent fractions that would 

have resulted had mass balance closure in each case been 100 percent. Note that the sum of the 

normalized values (the totals) for each metal is indeed 100 percent in Table 4-13. Use of 

distribution fractions normalized in this manner allow clearer data interpretation, because they 

remove variable mass balance closure as a source of test-to-test data variability. 

Focusing on the conventional incineration system data set in Table 4-13, several interesting 

observations emerge. The first is that, in these tests, chromium and copper exhibited relatively 
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TABLE 4-13. NORMALIZED TRACE METAL DISTRIBUTIONS
 

Test 

Kiln exit temperature, °C 

Kiln exit O2, % 

Cadmium 

Kiln ash 
Afterburner exit flue gas 

Total 

Kiln ash 
Scrubber exit flue gas 
Scrubber liquor 

Total 

Chromium 

Kiln ash 
Afterburner exit flue gas 

Total 

Kiln ash 
Scrubber exit flue gas 
Scrubber liquor 

Total 
Copper 

Kiln ash 
Afterburner exit flue gas 

Total 

Kiln ash 
Scrubber exit flue gas 
Scrubber liquor 

Total 

Lead 

Kiln ash 
Afterburner exit flue gas 

Total 

Kiln ash 
Scrubber exit flue gas 
Scrubber liquor 

Total 

1 
(3/15/91) 

824 
(1516) 
11.2 

Distribution 

71 
29 

100
 

61
 
23
 
16
 

100 

95
 
5
 

100
 

88
 
4
 
8
 

100 

92
 
8
 

100
 

83
 
6
 

11
 

100 

75 
25 

100
 

53
 
17
 
30
 

100 

2 
(3/19/91) 

984 
(1803) 

9.0 

, % of metal 

29 
71 

100
 

19
 
42
 
39
 

100 

97
 
3
 

100
 

92 
2 
6 

100 

93
 
7
 

100
 

89 
5 
6 

100 

32 
68 

100
 

23
 
42
 
35
 

100 

3b 
(3/21/91) 

985 
(1805) 

10.0 

measured 

29 
71 

100 

8 
36 
56 

100 

97 
3 

100 

92 
2 
6 

100 

93 
7 

100 

82 
10 
8 

100 

44 
56 

100 

19 
55 
26 

100 
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nonvolatile behavior. The kiln ash discharge represented the predominant fraction of metal 

discharged for these two metals. The kiln ash accounted for 88 to 92 percent of the chromium 

discharged and 82 to 89 percent of the copper discharged. Further, these distributions were not 

affected by kiln temperature in the range varied (i.e., 824° to 985° C [1516° to 1805° F]). 

In contrast, cadmium and lead exhibited relatively volatile behavior. At the low-kiln

temperature test (Test 1) conditions, the kiln ash accounted for 53 (lead) to 61 (copper) percent 

of the metals discharged. Even at this relatively low incineration temperature, a significant 

amount of each metal evidently vaporized in the kiln and was carried into the afterburner and 

downstream to augment the amount entrained in flyash carried out of the kiln. 

The extent of evident vaporization was enhanced at the high-temperature-test (Tests 2 

and 3) condition. For these tests, the kiln ash accounted for significantly decreased fractions of 

cadmium and lead discharged, 8 to 19 percent for cadmium and 19 to 23 percent for lead. 

Scrubber exit flue gas and scrubber liquor fractions were higher than the kiln ash fractions at this 

high-temperature condition. Indeed, 36 to 42 percent of the cadmium discharged and 42 to 

55 percent of the lead discharged escaped the incineration system and the venturi/packed

column scrubber. 

Scrubber collection efficiency for each of the metals measured in the flue gas streams can 

be calculated from measured concentrations in the afterburner exit flue gas and the scrubber exit 

flue gas. However, as noted above, metals concentrations measured in the afterburner exit flue 

gas are suspected to be lower than actually present, based upon this test program as well as past 

IRF experience. Thus, calculated scrubber collection efficiencies using measured afterburner exit 

flue gas concentrations would be quite poor. In fact, for Test 3, measured scrubber exit flue gas 

metals discharge rates were greater than or equal to measured afterburner exit flue gas flowrates. 

4-19
 



Thus, calculated scrubber collection efficiencies using measurement data from this test would be 

0 to negative. 

Based on past experience, a better estimate of the flowrate of metals at the scrubber inlet 

has been obtained by summing the flows in the two scrubber discharge streams: the scrubber 

exit flue gas and the scrubber liquor. This allows an apparent scrubber collection efficiency to 

be calculated as (scrubber liquor fraction)/(scrubber liquor fraction plus scrubber exit flue gas 

fraction). 

Table 4-14 summarizes the apparent scrubber collection efficiencies calculated for each 

metal measured in the test program. The data in Table 4-14 show that, at the low-kiln

temperature test condition, apparent collection efficiencies for chromium, copper, and lead were 

comparable, and in the nominal 65 to 70 percent range. Collection efficiency for cadmium was 

lower at 41 percent. At the high-kiln-temperature test condition, cadmium and chromium 

efficiencies were relatively unchanged. Copper and lead collection efficiencies were decreased. 

4.4 PARTICULATE AND HC1 EMISSIONS DATA 

Paniculate levels at the venturi/packed-column scrubber exit and at the stack were 

measured by Method 5 trains. Each Method 5 train was fitted with an impinger train to collect 

HC1 to determine HC1 emissions. At the afterburner exit, an Anderson cascade impactor 

collected particle samples and provided particle size distribution information. The results 

obtained are discussed in the following subsections. 

4.4.1 Particulate Load 

Table 4-15 gives the paniculate levels measured at the scrubber exit and at the stack. For 

the three tests, flue gas paniculate levels at the scrubber exit ranged from 70 to 101 mg/dscm 

(corrected to 7 percent O2). The scrubber exit of the IRF RKS is analogous to the stack of a 

typical commercial incinerator. As noted in Section 2.1, at the IRF the combustion flue gas 
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TABLE 4-14. APPARENT SCRUBBER COLLECTION EFFICIENCIES
 

Test 1 2 3b 
(3/15/91) (3/19/91) (3/21/91) 

Kiln exit temperature, cC 824 984 985 
(°F (1516) (1803) (1805) 

Kiln exit O2, % 9.0 10.0 

Apparent scrubber collection 
efficiency, % 

Cadmium 41 48 50 

Chromium 69 79 62 

Copper 66 53 33 
Lead 64 45 23 

TABLE 4-15. FLUE GAS PARTICIPATE LEVELS 

Flue gas participate, 
mg/dscm at 7%O2 

Test Scrubber exit Stack 

Test 1 (3/15/91) 70 41 

Test 2 (3/19/91) 82 58 

Test 3b (3/21/91) 101 52 

passes through the secondary APCS downstream of the venturi/packed-column scrubber before 

being vented to the atmosphere via the stack. At the IRF RKS stack, particulate levels ranged 

from 41 to 58 mg/dscm (at 7 percent O2), consistently lower than the scrubber exit particulate 

levels. The data confirmed that particulate levels in both sample locations were below the 180 

mg/dscm (at 7 percent O2) hazardous waste incinerator performance standard. 

4.42 HC1 Emissions 

The sediments incinerated during this test program contained 0.85 percent chlorine. 

Table 4-16 summarizes the levels of HC1 measured at the scrubber exit and at the stack. As a 
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TABLE 4-16. FLUE GAS HC1 LEVELS
 

Parameter 

Cl feedrate, g/hr 

Scrubber exit 

Flue gas HC1 concentration, 
mg/dscm 
ppm 

Flue gas emission rate, g/hr 
System collection efficiency, % 

Stack 

Flue gas HC1 concentration, 
mg/dscm 
ppm 

Flue gas emission rate, g/hr 
System collection efficiency, % 

Testl 
(3/15/91) 

591 

0.31 
0.2 

0.68 
99.9 

0.24 
0.2 

0.55 
99.9 

Test 2 
(3/19/91) 

591 

3.60 
2.4 

7.24 
98.8 

8.26 
5.5 

17.9 
97.0 

Test 3b 
(3/21/91) 

589 

1.14 
0.8 

2.10 
99.6 

1.6 
7.7 

23.3 
96.0 

reminder, HC1 concentrations were determined by chloride ion-specific electrode analysis of the 

combined Method 5 impinger solutions. These chloride analyses produce estimates of maximum 

HC1 concentrations by assuming that all measured chlorides exist in the form of HC1. 

Measured HC1 concentrations at the scrubber exit ranged from 0.2 to 2.4 ppm, with 

corresponding emission rates ranging from 0.7 to 7.2 g/hr. These emission rates were less than 

the hazardous waste incinerator performance standard floor of 2 kg/hr. For reasons 

unexplained, the measured HC1 concentrations at the stack for Tests 2 and 3 were higher than 

those at the scrubber exit. These higher concentration measurements corresponded to emission 

rates of 17.9 to 23.3 g/hr, respectively, although still well within the performance standard level. 

The incinerator system was fairly effective in controlling HC1 emissions. The system 

(combustor and scrubber) produced HC1 collection efficiencies that ranged from 98.8 to 99.9 

percent of the chlorine fed. Including the secondary APCS, HC1 collection efficiency was 

computed to range from 96.0 to 99.9 percent. Again, these lower values resulted from the 
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unexplained higher measured HC1 concentrations at the stack when compared with those at the 

^^ scrubber exit. In any event, the data do suggest that a wet scrubber system similar to the 

venturi/packed-column scrubber used in these tests will likely be able to control HC1 emissions 

to acceptable levels during the incineration of New Bedford Harbor sediments. 

4.43 Particle Size Distributions 

Table 4-17 gives the results of the particle size measurements performed at the afterburner 

exit. In performing the particle size sampling, it was observed that the cascade impactor 

sampling nozzle collected noticeable amounts of particulate on its inside wall. This particulate 

adhered to the probe wall, and could not be recovered and weighed accurately. Thus, it is 

believed that a significant amount of the flue gas particulate could have been left unaccounted 

for in the afterburner exit particle sizing measurements. This observation was corroborated by 

the calculated particulate levels at the afterburner exit, some of which were lower than those 

measured at the scrubber exit. 

taf 

TABLE 4-17. AFTERBURNER EXIT PARTICLE SIZE DISTRIBUTIONS 

Test 1 2 3b 
(3/15/91) (3/19/91) (3/21/91) 

Kiln exit temperature, "C 824 984 985 
(1516) (1803) (1805) 

Kiln exit O2, % 112 9.0 10.0 

Size, urn Cumulative % less than size 

11.7 93.6 100 100 

9.7 89.5 99.8 98.6 

6.6 77.1 96.8 95.5 

4.5 62.9 95.9 90.8 

2.9 57.7 94.2 88.9 

1.4 57.7 94.0 85.7 

0.9 57.2 89.3 78.5 

0.6 53.4 83.0 72.0 
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With the above cautionary note, Figure 4-1 presents the data in Table 4-17 graphically by 

plotting the cumulative mass percent less than particle diameter (y-axis) versus particle diameter 

(x-axis). Had the size distribution been log-normal in nature, the data would have followed a 

straight line. The curvature in the data lines indicated that the particles captured in the cascade 

impactor train were not log-normal distributed. 

The data in Figure 4-1 show that the afterburner exit size distributions were comparable 

for Tests 2 and 3b, which were performed at comparable incineration conditions. The size 

distribution for the low-temperature test (Test 1) was coarser. Nonetheless, even for Test 1, 

more than 50 percent of the measured particulate matter at the afterburner exit was smaller than 

0.6 jim. For Tests 2 and 3, more than 70 and 80 percent, respectively, of the captured 

particulate was smaller than 0.6 (im. One explanation of the finer particles in Tests 2 and 3 

could be the higher kiln temperature during these two tests, 985° C (1805°F), compared to 

824° C (1516°F) during Test 1. This observation is consistent with the expectation that high 

combustion temperature can favor the formation of fine particles via the vaporization and 

condensation mechanism. 
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Figure 4-1. Afterburner exit particle size distributions. 



SECTION 5
 

CONCLUSIONS
 

A detailed test program was performed at the EPA's IRF to evaluate the potential of 

incineration as an option to treat contaminated marine sediments from the New Bedford Harbor 

Superfund site near New Bedford, Massachusetts. The sediments at this site are contaminated 

by PCBs, and by trace metals, chiefly cadmium, chromium, copper, and lead. The purpose of 

these tests was to evaluate the incinerability of these sediments in terms of the destruction of 

PCBs, and the fate of the contaminant trace metals, during incineration. The test program was 

designed to evaluate the effects of incineration operating conditions on the composition of the 

discharge streams. The specific test objectives addressed the following questions: 

•	 Can incineration effectively destroy PCBs to the required DRE of 99.9999 percent 

to yield a treated sediment free of PCB contamination? 

•	 What is the distribution of the contaminant trace metals in the discharge streams 

during incineration of the sediment? 
^ 

•	 What are the effects of incineration excess air and temperature on organic 

constituent destruction and metals distributions, including their leachability from 

the kiln ash? 

•	 What is the effectiveness of the APCS in collecting paniculate and trace metals? 

•	 Can the treated sediment (kiln ash) from the incinerator be disposed of as non

hazardous solid waste? 
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The test program consisted of a set of four incineration tests in the IRF RKS, equipped 

with a venturi/packed-column scrubber APCS. 

Test conclusions in terms of the above questions are as follows: 

• Greater than 99.9999 percent PCB DRE can be achieved at incineration 

temperatures of both 824°C (15168F) and 984°C (1803°F) in the rotary kiln with 

an afterburner operated at 1208° C (2206° F). However, with a kiln solids 

residence time of 0.5 hr, the treated sediments (kiln ash) are still PCB-

contaminated. In tests with a PCB-spiked sediment feed, kiln ash contained 0.3 

to 0.8 percent of the spiked feed PCB levels regardless of kiln temperature. For 

a native (unspiked) sediment feed, kiln ash contained 1 to 3 percent of the feed 

PCB levels. 

• The APCS discharge flue gas from the incineration of the sediments contained 

low levels of PCDDs and higher levels of PCDFs, chiefly total TCDF, total 

PeCDF, and total HxCDF. The 2,3,7,8-TCDD toxicity equivalent levels were in 

the nominal 50 to 100 pg/dscm range. PCDD/PCDF emissions were not affected 

by kiln temperature. 

• Of the contaminant trace metals, chromium and copper were relatively 

nonvolatile. The kiln ash discharge accounted for nominally 80 to 90 percent of 

the discharged amounts of these metals. These fractions were not affected by the 

range of kiln temperatures tested. 

• Of the contaminant trace metals, cadmium and lead exhibited relatively volatile 

behavior, and increasingly so at the high kiln temperature (984°C [1803° F]). The 

kiln ash discharge accounted for 53 percent of the lead and 61 percent of the 

cadmium discharged at the low kiln temperature (824°C [1516°F]). These 
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fractions decreased to the nominal 10 to 20 percent range for cadmium and the 

20 percent range for lead, at the high kiln temperature. Scrubber exit flue gas 

fractions (cadmium and lead) and scrubber liquor fractions (cadmium) increased 

accordingly. 

• Apparently scrubber collection efficiencies were in the nominal 65 to 70 percent 

range for chromium, copper, and lead at the low kiln temperature, and lower, at 

41 percent, for cadmium. Cadmium and chromium collection efficiencies were 

apparently unaffected by increased kiln temperature, although copper and lead 

collection efficiency decreased to the 33 to 53 percent range for copper, and the 

23 to 45 percent range for lead. 

• Treated sediments would not exhibit the toxicity characteristic (TC) based on their 

cadmium, chromium, or lead concentrations. However, the scrubber liquor 

discharge stream was a TC hazardous waste based on the lead concentrations 

found in these tests. 

• Incineration had little effect on the fractional leachability of cadmium, chromium, 

and lead from the treated sediments relative to the untreated sediments. 

However, incineration "mobilized" the sediment's copper content such that copper 

was significantly more leachable from kiln ash, especially the kiln ash resulting 

from low-kiln-temperature incineration. Chromium fractional leachability was 

insignificant from both untreated sediments and kiln ash. 

No conclusions regarding the effects of variations in kiln excess air levels on organic 

constituent destruction and metals distributions were possible, as little variation in kiln excess 

air level could be operationally achieved. 
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The test results suggest that incineration would be an effective treatment option for the 

site sediments. However, sediment dewatering prior to incineration, or incinerating at higher 

kiln solids residence times (perhaps up to 1 hr), might be required to yield a treated sediment 

not contaminated by PCBs. If a wet scrubber were used for paniculate and acid gas control, the 

scrubber blowdown discharge might require further treatment to stabilize leachable lead levels. 

Flue gas emissions from a wet scrubber APCS might be of concern; thus, a dry scrubber 

technology could prove to be the approach of choice. 
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New Bedford Harbor 
Control Room 3-15-91 
Waste Feeding (1000 - 1405) 

Weight Quench Quench Venluri Packed Bldwn Make-up Vcnluri Packed Kiln AB E-Duct Venluri Packed Kiln 
Reading Press. Flow Liquor Column Water Water Liquor Column Pressure Pressure Pressure dp Column Exit 

Time Wasle 1.2,3 Flow Liquor Flow Totalizer Totalizer Flow Liquor Flow dp 
(Ibs) (p*i) (cpm) (tpm) (tpm) (eal) (tut) (epm) (tpm) (in w.c.) (in wx.) (in w.c.) (In wx.) (in w.c.) CF) 

950 821.0 50 18 20 30 7183 11 29 0.04 0.18 3.0 27 10.5 1502 
1015 766.5 50 18 20 30 7183 11 29 0.03 0.18 4.0 29 11.0 1503 
1030 725.0 50 18 20 30 7183 11 29 0.02 0.18 4.0 29 11.0 1513 
1045 684.0 50 18 20 30 7183 11 29 0.02 0.11 6.0 31 10.5 1465 
1100 643.0 50 18 20 30 903 7183 11 29 0.01 0.10 5.5 27 10.5 1642 
1115 601.5 50 18 20 30 904 7183 11 29 0.01 0.12 3.5 23 11.5 1680 
113O 561.0 50 18 20 30 920 7183 11 29 0.01 0.13 2.0 25 7.5 1483 
1145 519.5 50 18 20 30 925 7183 11 29 0.0 1 0.13 2.0 25 8.0 1452 
1200 478.5 50 18 20 30 925 7183 11 29 0.02 O.J4 23. 24 9.0 1517 
1215 437.5 50 18 20 30 925 7183 11 29 0.00 0.12 1.5 24 8.5 1472 
1230 396.5 50 18 20 30 925 7183 11 29 0.02 0.14 1.5 24 8.5 1482 
1245 341.5 50 18 20 30 925 7183 11 29 0.01 0.12 1.5 24 9.0 1523 
1300 300.5 50 18 20 30 926 7183 11 29 0.02 0.14 1.5 24 8.0 1508 
1315 260.0 50 18 20 30 937 7183 11 29 0.02 0.16 1.5 25 6.0 1500 
1330 218.5 50 18 20 30 938 7183 11 29 0.02 0.16 2.0 24 7.5 1502 
1345 177.5 50 18 20 30 938 7183 11 29 0.01 0.40 1.5 24 7.0 1505 
1400 136.5 50 18 20 30 938 7183 11 29 0.01 0.14 1.0 24 7.0 1495 
1430 137.0 50 18 20 30 938 7183 11 29 0.02 0.16 0.5 24 6.0 1474 
1500 137.0 SO 18 20 30 938 7IR3 11 29 0.02 0.16 0.5 24 6.5 1487 
1530 137.0 50 18 20 30 938 7183 11 29 0.02 0.12 OJ 24 6.5 1502 

MIN: 136.5 50 18 20 30 903 7183 11 29 0.00 0.10 1.0 23 6.0 1452 
MAX: 821.0 50 IB 20 30 938 7183 11 29 0.04 0.40 6.0 31 US 1680 
AVO: 474.6 50 18 20 30 925 7183 11 29 0.02 0.16 2.6 25 8.9 1514 



New Bedford Harbor 
Control Room Conl'd 3-15-91 
Waste Feeding (1000- 1405) 

AB Quench Scrubber Slack Scrubber Ash Liquor Combustion Combustion AB AB AB Kiln Kiln Kiln 
Exit Exit Exit Liquor pll Efficiency Efficiency Ga* Air Exit O«s Air Exit 

Time 
CF) ("FL fF) CF) rn ("F* 

SB
(%1 

 ST 
(%) 

Flow 
(Kfh) 

Flow 
(•cnn 

Temp 
CF) 

Flow 
(•cfh) 

Flow 
(acfhl 

Temp 
f'F) 

950 2207 174 115 122 97 152 10.5 99.9900 99.9900 1819 13532 2197 1133 10755 1558 
1015 2208 178 116 121 96 153 10.1 99.9900 99.9900 1964 13515 2204 1042 8892 1505 
1030 2206 177 116 121 96 152 9.9 99.9900 99.9900 1921 13472 2196 1040 8090 1480 
1045 2204 176 110 120 96 152 9.6 99.9900 99.9900 1937 13970 2188 1040 4917 1520 
1100 2193 175 109 116 96 149 9.4 99.9900 99.9900 2189 22057 2199 896 4987 1632 
1115 2221 177 114 114 96 239 9.3 99.9900 99.9900 2159 21354 2213 896 4983 1644 
1130 2195 178 119 117 96 230 9.3 99.9900 99.9900 2279 22086 2191 879 4994 1490 
1145 2198 176 117 124 96 191 92 99.9900 99.9900 2285 22130 2199 970 4999 1530 
1200 2213 179 119 124 97 177 99.9900 99.9900 2290 22146 2205 894 5003 1515 
1215 2216 177 116 125 97 187 99.9900 99.9900 2297 22165 2208 894 4996 1462 
1230 2207 179 119 124 97 184 99.9900 99.9900 2222 22065 2198 894 5006 1498 
1245 2206 177 119 125 97 Si 9.1 99.9957 99.9920 2200 22198 2197 894 5009 U97 
1300 2213 179 120 125 97 179 9.1 99.9963 99.9921 2279 22174 2203 894 4907 1492 
1315 2206 177 119 125 97 142 9.1 99.9965 99.9911 2314 22116 2197 895 5007 1500 
1330 2215 178 119 128 98 144 9.1 99.9982 99.9921 2330 22192 2206 894 5007 1511 
1345 2198 178 169 126 97 408 9.0 99.9990 99.9920 2302 22074 2190 894 4997 1518 
1400 2211 177 118 126 97 450 9.0 99.9970 99.9910 2322 22084 2204 892 5000 1458 
1430 2208 176 116 124 97 395 9.1 99.9965 99.9907 2312 22120 2202 1124 5002 1498 
1500 2208 176 116 123 97 347 9.1 99.9986 99.9908 2297 22053 2203 1075 4994 1512 
1530 2211 176 116 123 97 288 9.1 99.9973 99.9912 2292 22132 2206 1082 4988 1507 

MIN: 2193 174 109 114 96 81 9.0 99.9900 99.9900 1819 13472 2188 879 4907 1458 
MAX: 2221 179 169 128 98 450 10.5 99.9990 99.9921 2330 22198 2213 1133 10755 1644 
AVO: 2207 177 120 123 97 198 9.4 99.9925 99.9906 2183 20078 2200 938 5738 1518 



New nciUord I larbor 
Control Iloom 3-19-91 
Waste Feeding (0855 - 1300) 

Weight Quench Quench Venluri Tacked Dldwn Make-up Venturi Packed Kiln AB E-DucI Venturi Packed Kiln 
Reading Press. Flow Liquor Column Water Water Liquor Column Pressure Pressure Pressure dp Column Exit 

Time Waste 1,2,3 Flow Liquor Flow Totalizer Totalizer Flow Liquor Flow dp 
(Ibs) fpsi) f«pm) (rpm) (epm) (gal) feal) (epm) («>m) (in w.c.) fin w.c.) fin w.c.) fin w.c.) (in w.c.) m 

830 823.0 50 18 20 30 4172 860 11 29 0.03 0.18 1.5 24 7.0 1804 
845 R23.0 50 18 20 30 4)88 8R7 11 29 0.03 0.10 6.5 25 12.5 1824 
900 795.5 50 18 20 30 4188 8R7 11 29 0.02 0.06 5.5 24 12.5 1757 
915 754.0 50 18 20 30 4188 887 11 29 0.02 0.18 S.O 24 12.5 1799 
930 713.0 50 18 20 30 4214 887 11 29 0.03 0.24 1.5 25 6.5 1737 
945 671.5 50 18 20 30 4230 887 11 29 0.03 0.24 0.5 2S 6.5 1845 

1000 617.0 50 18 20 30 4230 887 11 29 0.03 0.24 t.O 24 7.0 1803 
1015 575.5 50 18 20 30 4230 887 I t 29 0.04 0.24 0.5 24 6.5 1794 
1030 534.5 50 18 20 30 4230 887 11 29 0.02 0.24 IS 25 7.0 1814 
1045 507.0 50 18 20 30 4230 887 11 29 0.02 0.24 1.0 25 7.0 1789 
1100 466.0 50 18 20 30 4233 887 11 29 0.02 0.24 1.0 25 7.0 1801 
1115 411.0 50 18 20 30 4239 887 11 29 0.02 0.24 2,5 25 8.0 1800 
1130 388.5 50 18 20 30 4239 887 11 29 0.03 0.24 2.5 24 8.0 1819 
1145 343.0 50 18 20 30 4239 887 11 29 0.02 0.24 3.0 25 8.5 1772 
1200 288.0 50 18 20 30 4239 887 11 29 0.02 0.22 3.5 24 9.0 1770 
1215 50 18 20 30 4240 887 11 29 0.02 0.24 3.0 25 8.5 1771 
1230 206.0 SO 18 20 30 4257 887 II 29 0.02 0.24 2.0 25 7.5 1770 
1245 165.0 50 18 20 30 4257 887 11 29 0.02 0.24 2.5 25 8.5 1808 
1300 137.5 50 18 20 30 4257 887 11 29 0.02 0.26 2.5 25 7.5 1819 
1315 137.5 50 18 20 30 4257 887 11 29 0.02 0.26 2.5 25 7.0 1782 
1330 50 18 20 30 4257 887 11 29 0.03 0.26 2.5 25 7.5 1808 
1345 50 18 20 30 4257 887 11 29 0.04 0.26 2.5 25 7.5 1802 
1400 50 18 20 30 4257 887 11 29 0.03 0.26 2.5 25 7.5 1795 
1415 50 18 20 30 4257 887 11 29 0.03 0.36 03 25 6.5 178 

MIN: 137.5 50 18 20 30  4188 887 11 29 0.02 0.06 0.5 24 6.5 1737 
MAX: 795.5 50 18 20 30 4257 887 11 29 0.04 0.26 5.5 25 12.5 1845 
AVO: 473.3 50 18 20 30 4232 887 11 29 0.02 0.23 2.3 25 8.1 1792 



New Bedford I larbor 
Cnnlrnl Room Conl'd 3 19 91 
Wane feeding (0855  1300) 

AH Quench Scrubber Stack Scrubber Ash Liquor Combustion Combustion AD AB AB Kiln Kiln Kiln 
Eml Exit Exil Liquor pll 1 Iliciency Efficiency Oa. Air Exit 0*1 Air Exi( 

Time 
CD CF) CD CF) CD CD

SE
 (%)

 SF 
 (%» 

Dow 
(scfh) 

Flow 
facfh) 

Temp 
CD 

Flow 
(Kfh) 

Flow 
(*cfh) 

Temp 
Cfr) 

830 2214 175 117 67 95 121 73 9999 9999 1692 12120 2196 1599 11513 1800 
845 2210 173 106 76 94 120 7  4 9999 9999 1770 14367 2188 1338 8421 1785 
900 2210 175 107 102 95 122 74 9999 9999 1761 14346 2206 1213 8412 1777 
915 2203 176 111 110 96 120 74 9999 9999 1945 19498 2197 1212 8506 1846 
930 2204 177 121 116 97 120 74 9999 9999 2181 17479 2199 1283 7797 1806 
945 2204 177 123 128 97 120 73 9999 9999 2005 19503 2199 1338 7013 1815 

1000 2209 177 123 129 98 120 74 9999 9999 2063 19519 2200 1261 7028 1812 
1015 2211 177 122 128 98 118 75 9999 9999 2093 19522 2204 1326 7022 1800 
1030 2207 179 124 129 97 69 9999 9999 2081 19548 2203 1326 7036 1814 
1045 2204 177 121 129 97 74 10000 9999 2043 19569 2196 1326 7036 1820 
1100 2207 177 121 129 97 118 75 9999 9999 2021 19546 2196 1326 7043 1812 
1115 2213 177 123 130 98 118 74 9999 9999 2090 19539 2206 1381 7041 IR29 
1130 2201 177 123 130 98 IIS 74 9999 9999 2092 1955S 2197 1333 7043 1830 
1145 2200 177 122 130 98 113 74 9999 9999 2115 19543 2203 1333 7041 1841 
1200 2204 177 122 130 97 113 74 9999 9999 2043 19544 2197 1299 7040 1807 
1215 2208 177 123 129 97 112 74 9999 9999 2080 19599 2197 1325 7052 1756 
1230 2213 178 124 130 97 107 76 10000 9999 2098 19581 2206 1389 7052 1809 
1245 2203 177 123 131 98 107 73 10000 9999 2113 19587 2200 1390 7051 1820 
1300 2202 177 123 131 98 106 74 10000 9999 2041 19595 2198 1388 7067 1820 
1315 2204 175 121 130 99 103 74 10000 9999 2141 17579 2200 1494 7053 1791 
1330 2202 175 120 129 97 101 73 10000 9999 2119 19602 2197 1490 7062 1803 
1345 2207 175 120 128 98 101 74 10000 9999 2108 19605 2198 1462 7058 1795 
1400 2205 175 120 128 98 101 74 10000 9999 2153 19603 2203 1532 7062 1803 
1415 2040 170 114 127 96 99 74 10000 9999 816 15564 2019 1892 7006 1804 

MIN: 2200 175 107 102 95 104 69 9999 9999 1761 14346 2196 1212 7013 1756 
MAX 2213 179 124 131 98 122 76 10000 9999 2181 19599 2206 1390 8506 1846 
AVO: 2206 177 121 126 97 115 74 9999 9999 2051 19122 2200 1321 7252 1813 



New Bedford If arbor 
Control Room Conl'd 3-2I-91A 
Waste Feeding (0815- 1HO) 

AB Quench Scrubber Slack Scrubber Ash Liquor Combustion Combustion AB AB AB Kiln Kiln Kiln 
Exit Exit Exil Liquor pll Efficiency Efficiency 0«. Air Exil 0»» Air Exit 

Time SE ST Flow Flow Temp Flow Flow Temp 
CD CF) CF) CF) CF) CF) (%) (%) (scfh) (acfh) CF) (scfh) (icfh) CF) 

745 2211 176 120 130 96 99 7.3 100.00 99.45 1788 12417 2200 1701 11307 1800 
800 2208 176 121 130 97 98 7.4 99.83 99.60 1836 12410 2201 1731 11318 1804 
BIS 2211 176 120 130 97 100 7.4 99.99 99.99 2034 12360 2217 1702 11314 1844 
B30 2186 177 121 123 97 98 7.5 99.99 99.99 2177 16043 2195 1384 9642 1726 
845 2217 178 121 133 98 99 7.3 99.99 99.99 1889 16052 2186 1381 9639 1801 

900 2213 177 120 130 98 99 7.4 99.99 99.99 2001 16061 2207 1380 9621 1796 
915 2206 179 120 130 99 100 7.4 99.99 99.99 2004 16043 2200 1381 9617 1756 
930 2203 178 120 130 99 98 7.3 99.99 99.99 1973 16061 2209 1581 10476 1821 
945 2193 178 119 130 99 99 7.3 99.99 99.99 1944 16800 2187 1558 12096 1836 
1000 2201 178 128 133 100 99 7.4 99.99 99.99 2227 18623 2201 1569 13256 1763 

1015 2193 178 130 139 100 98 7.4 99.99 99.99 2109 18615 2193 1706 13260 1810 
1030 2204 178 132 141 100 96 7.3 99.99 99.99 2150 18633 2194 1622 13287 1800 

1045 2204 177 130 142 100 95 7.4 99.99 99.99 2160 18637 2198 1564 13287 1792 
1100 2207 178 132 141 100 94 7.2 99.99 99.99 2175 18639 2198 1665 13268 1790 

1115 2203 178 131 141 101 94 7.4 99.99 99.99 2214 18666 2201 1705 13310 1823 

1130 2204 178 131 142 101 71 7.3 99.99 99.99 2172 18678 2196 1596 13303 1810 

1145 2203 178 132 142 101 89 7.2 99.99 99.99 2199 18691 2198 1763 13333 1810 

MIN: 2186 176 119 123 97 71 7.2 99.99 99.99 1889 12360 2186 1380 9617 1726 

MAX: 2217 179 132 142 101 100 7.5 99.99 99.99 2227 18691 2217 1763 13333 1844 

AVO: 2203 178 126 135 99 95 7.3 99.99 99.99 2095 17240 2199 1570 11914 1799 



New Bedford Harbor 
Control Room 3-2I-91A 
Waile Feeding (0815 - 1140) 

Weight Quench Quench Venluri Packed llldwn Make-up Venluri Packed Kiln AB E-Duct Venluri Packed Kiln 
Reading Prea>. Flow Liquor Column Water Water Liquor Column Preuure Prenure Pretiure dp Column Exit 

Time Waste 1,2.3 Flow Liquor Flow Totalizer Totalizer Flow Liquor Flow dp 
(Ibi) (P3l) (epm) (epm) (cpm) (eal) (K.I!) (j>pm) (cpm) (in w.c.) (in w.c.) (in w.c.) (in w.c.) (in w.c.) CFl 

745 555.0 50 18 20 30 30070 47295 11 29 0.05 0.42 0.0 25.0 3.2 1806 
800 555.0 50 18 20 30 30119 47343 11 29 0.05 0.42 0.0 25.0 3.2 1806 
815 542.0 SO 18 20 30 30153 47428 II 29 0.03 0.32 9.0 18.0 15.0 1799 
830 489.0 50 18 20 30 30192 47449 11 29 0.03 0.40 4.5 27.0 7.0 1731 
845 449.5 50 18 20 30 30205 47449 11 29 0.03 0.36 5.5 28.0 8.0 1843 
900 423.0 SO 18 20 30 30205 47449 11 29 0.03 0.34 6.0 27.0 8.5 1782 
915 383.5 SO 18 20 30 30205 47449 11 29 0.03 0.32 6.5 27.0 9.5 1791 
930 343.5 SO 18 20 30 30205 47449 11 29 0.02 0.30 6.5 27.0 9.5 1767 
945 291.0 50 18 20 30 30206 47449 11 29 0.03 0.32 6.5 27.0 9.0 1829 

1000 251.5 50 18 20 30 30213 47449 11 29 0.03 0.36 2.5 29.0 7.5 1767 
1015 225.0 SO 18 20 30 30218 47449 11 29 0.04 0.38 0.5 30.0 4.5 1779 
1030 172.0 SO IB 20 30 30225 47449 11 29 0.03 0.37 0.5 26.0 3.5 1800 

1045 132.5 50 18 20 30 30225 47449 11 29 0.03 0.30 0.5 26.0 3.5 1794 
1100 93.0 50 18 20 30 30225 47449 11 29 0.03 0.39 0.5 25.0 3.7 1801 
1115 66.5 SO 18 20 30 30225 47449 11 29 0.03 0.39 0.5 25.0 3.7 1789 
1130 50 18 20 30 30225 47449 11 29 0.03 0.36 0.5 25.0 4.0 1795 
1145 0.5 SO 18 20 30 30225 47446 11 29 0.04 0.40 0.5 24.0 5.5 1786 

MIN: 0.5 50 18 20 30 30153 47428 11 29 0.02 0.30 0.5 18.0 3.5 1731 
MAX: 542.0 50 18 20 30 30225 47449 11 29 0.04 0.40 9.0 30.0 15.0 1843 
AVO: 275.9 SO 18 20 30 30210 47447 11 29 0.03 0.35 3.4 26.1 6.8 1790 



New Bedford Harbor 
Control Room 3-21-9ID 
Waste Feeding (1240 - 1715) 

Weight Quench Quench Venluri Packed Bldwn Make-up Venluri Packed Kiln AB E-Duct Venluri Packed 
Reading Press. Flow Liquor Column Water Water Liquor Column Pressure Pressure Pressure dp Column 

Time Waste 1.2,3 Flow Liquor Flow Totalizer Totalizer Flow Liquor Flow dp 
(Ibs) (psi) (*pm) (itpm) Upm] (Ral) (Ral) (f-pm) (epm) (in w.c.) (in w.c.) (in w.c.) (in w.c.) (in w.c.) 

1230 767.5 48 18 20 30 30225 47476 I  I 29 0.04 0.40 0.5 25.0 3.7 
1230 767.5 48 IR 20 30 30225 47476 11 29 0.04 0.40 0.5 25.0 3.7 
1245 739.5 48 18 20 30 30225 47476 11 29 0.04 0.38 0.5 25.0 4.0 
1300 684.5 48 18 20 30 30225 47476 11 29 0.04 0.38 0.5 25.0 3.8 
1315 657.5 48 18 20 30 30225 47476 11 29 0.03 0.34 0.0 24.0 3.8 
1330 602.5 48 18 20 30 30225 47503 11 29 0.03 0.34 3.5 25.0 7.5 
1345 561.0 48 18 20 30 30225 47503 11 29 0.03 0.40 1.0 23.0 5.5 
1400 529.0 48 18 20 30 30225 47503 11 29 0.04 0.40 0.5 23.0 5.0 
1415 479.0 48 18 20 30 30225 47503 11 29 0.03 0.42 1.5 24.0 5.2 
1430 437.5 50 18 20 30 30225 47528 11 29 0.03 0.40 2.0 23.0 6.0 
1445 410.0 50 18 20 30 30225 47528 11 29 0.05 0.40 1.0 23.0 5.5 
1500 369.0 50 18 20 30 30225 47554 11 29 0.04 0.40 1.5 23.0 5.5 
1515 314.5 50 18 20 30 30225 47554 11 29 0.04 0.40 1.5 23.0 5.5 
1530 273.5 50 18 20 30 30225 47554 11 29 0.03 0.26 1.0 23.0 5.0 
1545 246.5 50 18 20 30 30225 47578 11 29 0.03 0.26 1.5 23.0 6.0 
1600 191.5 50 18 20 30 30225 47578 11 29 0.04 0.24 1.5 23.0 5.5 
1615 164.0 50 18 20 30 30225 47578 11 29 0.03 0.24 1.5 23.0 5.5 
1630 109.5 50 18 20 30 30225 47603 11 29 0.04 0.26 1.5 23.0 6.0 
1645 82.5 50 18 20 30 30225 47603 11 29 0.04 0.24 1.0 23.0 5.2 
1700 27.5 50 18 20 30 3022S 47628 11 29 0.04 0.26 1.5 23.0 5.5 
1715 0.5 SO 18 20 30 30225 47628 11 29 0.04 0.26 1.0 23.0 5.5 
1730 0.0 50 18 20 30 30225 47628 11 29 0.05 0.28 0.5 23.0 5.0 
1745 0.0 SO 18 20 30 30225 47653 11 28 0.04 0.28 1.5 23.0 6.0 
1800 0.0 SO 18 20 30 30225 47653 11 28 0.05 0.26 1.5 23.0 5.5 
1815 0.0 50 18 20 30 30225 47679 11 28 0.04 0.24 1.5 23.0 6.0 
1845 0.0 50 18 20 30 30225 47679 11 28 0.04 0.26 1.5 23.0 5.0 
2000 0.0 50 18 20 30 30225 47430 11 28 0.04 0.26 1.5 23.0 5.0 

MIN: 0.5 48 18 20 30 30225 47476 11 29 0.03 0.24 0.0 23.0 3.7 
MAX: 767.5 50 18 20 30 30225 47628 11 29 0.05 0.42 3.5 25.0 7.5 
AVO: 382.4 49 18 20 30 30225 47542 11 29 0.04 0.33 1.2 23.5 5.3 

Kiln
 
Exit
 

rn 
1796 
1796 
1788 
1783 
1787 
1793 
1786 
1800 
1793 
1802 
1788 
1799 
1821 
1808 
1791 
1782 
1787 
1797 
1802 
1800 
1839 
1790 
1814 
1798 
1804 
1803 
1797 

1782 
1839 
1797 



New Bedford lUrbor 
Control Room Conl'd 3-21-91B 
Wa»le Feeding (1240  1715) 

AB Quench Scrubber Slack Scrubber A»h Liquor Combustion Combudion AB AB AB Kiln Kiln Kiln 
Exit Exit Exit Liquor pll Efficiency Efficiency O»» Air Exit O.i Air Exit 

Time SE ST Flow Flow Temp Flow Flow Temp 
CF) CF) CF) CF) (*F) _i!FJL <*> <%» (>cfh) (acfh) CF) (»cfh) (»cfh) CF) 

1230 2204 176 129 138 too 80 7.4 99.99 99.98 2233 18717 2197 1769 14086 1799 
1230 2204 176 129 138 100 80 7.4 99.99 99.98 2233 18717 2197 1769 14086 1799 
1245 2196 177 130 139 100 82 7.9 99.99 99.98 2280 19504 2189 1567 14101 1809 
1300 2205 178 131 142 101 76 7.5 99.99 99.98 2277 19572 2199 1579 14124 1802 
1315 2196 178 133 143 101 71 7.7 99.99 99.98 2571 21471 2199 1566 14132 1798 

1330 2199 178 133 143 101 67 7.6 99.99 99.98 2496 22233 2201 1412 15260 1822 

134S 2200 178 137 146 102 65 7.9 99.99 99.98 2471 22623 2185 1162 15200 1783 
1400 2206 179 140 148 102 60 7.7 99.99 99.99 2603 22594 2201 1616 15171 1792 
1415 2210 178 139 149 102 57 7.6 99.99 99.98 2501 22599 2197 1615 15206 1811 
1430 2202 179 141 149 102 98 6.4 99.99 99.98 2594 22605 2204 1612 15187 1811 
1445 2208 177 139 149 102 98 7.3 99.99 99.98 2527 22572 2199 1610 15190 1804 

1500 2205 178 140 148 103 7.3 99.99 99.98 2603 22596 2201 1610 15228 1806 

1515 2209 179 141 148 102 122 8.9 99.99 99.98 2512 22529 2199 1608 15176 1824 

1530 2209 178 141 150 103 120 7.5 99.99 99.98 2535 22540 2199 1608 15213 1819 

1545 2208 179 139 149 102 120 7.8 99.99 99.98 2582 22531 2202 1604 15154 1811 

1600 2204 178 140 144 103 119 7.6 99.99 99.99 2522 22500 2195 1602 15171 1807 

1615 2211 179 141 150 103 119 7.8 99.99 99.98 2570 22476 2202 1602 15154 1809 

1630 2201 178 139 148 102 117 7.6 99.99 99.98 2559 22461 2203 1603 15102 1825 
1645 2203 J78 140 149 103 178 7.6 99.99 99.98 2191 22487 2196 1602 15124 1822 
1700 2204 179 142 150 103 118 7.5 99.99 99.99 2480 22506 2201 1603 15147 1826 
1715 2211 180 141 148 103 114 7.9 99.99 99.99 2427 22518 2200 1605 15124 1819 

1730 2202 178 139 148 103 113 7.4 99.99 99.98 2529 22472 2200 1605 15138 1791 

1745 2207 178 136 145 101 115 7.4 99.99 99.98 2549 22467 2198 1656 15105 1795 
1800 2206 178 137 146 102 114 7.4 99.99 99.98 2559 22530 2199 1661 15134 1795 
1815 2209 178 136 146 101 115 7.3 99.99 99.98 2537 22515 2200 1694 15119 1805 
1845 2207 178 139 147 102 114 7.4 99.99 99.98 2560 22407 2201 1656 15069 1797 
2000 2210 178 138 146 102 114 7.4 99.99 99.98 2536 22416 2200 1643 15087 1802 

M1N: 2196 176 129 138 too 57 6.4 99.99 99.98 2191 18717 2185 1162 14086 1783 
MAX: 2211 180 142 150 103 178 8.9 99.99 99.99 2603 22623 2204 1769 15260 1826 
AVO: 2205 178 138 147 102 99 7.6 99.99 99.98 2477 21982 2198 1578 14963 1810 
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New Bedford Harbor 
Gas Train 3-15-91 
Waste Feeding (1000- 1408) 

Air Blow Air Total Air Kiln Kiln Sec Gas Gas Kiln AB AD Sec 
Plenum Off Static Air Temp Air Air Pres Press Gas Air Air 

Time Air Flow Flow Flow Static Dynamic Temp Flow Flow 
[in w.c.) (in w.c.) (in w.cj (in w.c.) (*F) (in w.c.) (in w.c.) (psi) fin w.c.) (*F) (in w.c.) (in w.c.) 

1000 46.0 0.5 43.0 1.2 89 3.3 0.0 2.5 0.40 4.0 0.0 
1030 46.0 0.5 43.0 1.0 89 2.4 0.0 2.5 0.40 4.1 0.0 
1100 46.0 0.5 43.0 1.3 89 .6 0.0 2.5 0.35 6.4 0.0 
1130 46.0 0.5 43.0 1.3 89 .6 0.0 2.5 0.35 6.6 0.0 
1200 46.0 0.5 43.0 1.3 89 .6 0.0 2.6 0.35 6.6 0.0 
1230 46.0 0.5 43.0 1.3 89 .6 0.0 2.6 0.35 6.6 0.0 
1300 46.0 0.5 43.0 1.3 90 .6 0.0 2.6 0.35 64 6.6 0.0 
1330 46.0 0.5 43.0 1.3 90 .6 0.0 2.6 0.35 64 6.6 0.0 
1400 46.0 0.0 43.0 1.3 90 .6 0.0 2.6 0.35 64 6.6 0.0 
1430 46.0 0.0 43.0 1.3 89 .6 0.0 2.6 0.45 64 6.6 0.0 
1500 46.0 0.0 43.0 1.3 89 .6 0.0 2.6 0.40 64 6.6 0.0 
1530 46.0 0.0 43.0 1.3 89 .6 0.0 2.6 0.40 64 6.6 0.0 

MI N. 46.0 0.5 43.0 1.0 89 1.6 0.0 2.5 0.35 64 4.0 0.0 
MAX: 46.0 0.5 43.0 1.3 90 3.3 0.0 2.6 0.40 64 6.6 0.0 
AVO: 46.0 0.5 43.0 1.3 89 1.9 0.0 2.6 0.36 64 5.9 0.0 



New Bedford Ilnrbor 
Gas Train Cont'd 3-15-91 
Waste Feeding (1000- 1408) 

Time 

Gas
Press

Static
(psi)

 GDI 
 Press 
 Dynamic 
 (inw.c.) 

AB 
Gas 

Temp 
(*F) 

Kiln
Pilot

Air
(in w.c.)

 Kiln
 Atom
 Air
 (in w.c.)

 Gas 
 Press 
 Static 
 (in w.c.) 

Gas
Press

Dynamic
_(in w.c.)

 AH
 Pilot
 Air
 (in w.c.l

 AB
 Atom
 Air
 (in w.c.)

 Gas
 Press
 Static
 (in w.c.)

 Gas 
 Press 
 Dynamic 
 (in w.c.J 

1000 
1030 
1100 
1130 
1200 
1230 
1300 
1330 
1400 
1430 
1500 
1530 

3.0
3.0
2.9
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
2.9 

 0.95 
 0.95 
 0.05 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.20 

64 
64 
64 
64 
64 
64 

0.10 
0.10 
0.10 
0.20 
0.20 
0.20 
0.20 
0.20 
0.02 
0.02 
0.02 
0.02 

4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
O.05 
0.05 
0.05 
0.05 
0.05 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 

M1N: 
MAX: 
AVG: 

2.9
3.0
2.9

 0.05 
 1.15 
 0.96 

64 
64 
64 

0.10 
0.20 
0.16 

4.5 
4.5 
4.5 

0.5 
0.5 
0.5 

0.05 
0.05 
0.05 

0.2 
0.2 
0.2 

5.0 
5.0 
5.0 

8.5 
8.5 
8.5 

0.3 
0.3 
0.3 



New Bedford Harbor 
Gas Train 3-19-91 
Waste Feeding (0855 - 1300) 

Air Blow Air Total Air Kiln Kiln Sec Gas Gas Kiln AB AB Sec 
Plenum Off Static Air Temp Air Air Pres Press Gas Air Air 

Time Air Flow Flow Flow Static Dynamic Temp Flow Flow 
(in w.c.) (in w.cj (in w.c.) (in w.c.) f'F) (in w.c.) (in w.c.) (psi) (in w.c.) CF) (in w.c.) (in w.c.) 

830 44.0 0.5 41.0 1.0 94 3.1 0.0 2.5 0.65 64 3.7 0.0 
900 45.0 0.5 41.0 1.1 94 2.6 0.0 2.5 0.50 64 3.7 0.0 
930 45.0 0.5 42.0 1.3 94 2.2 0.0 2.5 0.55 64 5.9 0.0 

1000 44.0 0.5 42.0 1.2 94 2.2 0.0 2.5 0.55 64 5.9 0.0 
1030 44.0 0.5 42.0 1.2 96 2.2 0.0 2.5 0.55 68 5.9 0.0 
1100 44.0 0.5 42.0 1.2 96 2.2 0.0 2.5 0.55 70 5.9 0.0 
1130 44.0 0.5 42.0 1.2 96 2.2 0.0 2.5 0.55 70 5.9 0.0 
1200 44.0 0.5 42.0 1.2 96 2.2 0.0 2.5 0.55 72 5.9 0.0 
1230 44.0 0.5 42.0 1.2 100 2.2 0.0 2.5 0.60 72 5.9 0.0 
1300 44.0 0.5 42.0 1.2 100 2.2 0.0 2.5 0.60 74 5.9 0.0 
1330 44.0 0.5 42.0 1.2 100 2.2 0.0 2.5 0.65 74 5.9 0.0 
1400 44.0 0.5 42.0 1.2 100 2.2 0.0 2.5 0.65 74 5.9 0.0 

MIN : 44.0 0.5 41.0 1.1 94 2.2 0.0 2.5 0.50 64.0 3.7 0.0 
MAX: 45.0 0.5 42.0 1.3 100 2.6 0.0 2.5 0.60 74.0 5.9 0.0 
AVG: 44.2 0.5 41.9 1.2 96 2.2 0.0 2.5 0.56 68.7 5.7 0.0 



New Bedford Harbor 
Gas Train Cont'd 3-19-91 
Waste Feeding (0855  1300) 

Gas Gas AB Kiln Kiln Gas Gas AB AB Gas Gas 
Press Press Gns Pilot Atom Press Press Pilot Atom Press Press 

Time Static Dynamic Temp Air Air Static Dynamic Air Air Static Dynamic 
ipsil (in w.c.) (*F) (in w.cj^ Jin w.cj (in w.c.) (in w.c.) (in w.c.) (in w.c.) (in w.c.) (in w.c.) 

830 3.0 0.80 64 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
900 3.0 0.80 64 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
930 3.0 1.05 64 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 

1000 2.9 1.00 64 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
1030 2.9 .00 68 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
1100 3.0 .00 70 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
1130 3.0 .00 70 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
1200 3.0 .00 72 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
1230 3.0 .00 72 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
1300 2.9 .00 74 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
1330 2.9 .03 74 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
1400 2.9 .00 74 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 

MIN: 2.9 0.80 64 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
MAX: 3.0 1.05 74 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
AVG: 3.0 0.98 69 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 



New Bedford Harbor 
Gas Train 3-21-91A 
Waste Feeding (0815  1140) 

Air Blow Air Total Air Kiln Kiln Sec Gas Gas Kiln AB ABSec 
Plenum Off Static Air Temp Air Air Pres Press Gas Air Air 

Time Air Flow Flow Flow Static Dynamic Temp Flow Flow 
(in w.c.) (in w.c.) (in w.c.) (in w.c.) CF) (in w.c.) (in w.c.) (psi) (in w.c.) CF) (in w.c.) (in w.c.) 

745 44.0 0.5 42.0 1.2 100 3.4 0.0 2.5 0.75 72 3.9 0.0 
815 44.0 0.5 42.0 1.2 100 3.4 0.0 2.5 0.60 72 3.9 0.0 
845 44.0 0.5 42.0 1.2 100 3.0 0.0 2.5 0.65 74 3.9 0.0 
915 44.0 0.5 42.0 1.2 100 3.0 0.0 2.5 0.65 74 4.9 0.0 
945 44.0 0.5 42.0 1.6 100 4.0 0.0 2.5 0.65 74 5.4 0.0 

1015 44.0 0.5 42.0 1.6 100 4.0 0.0 2.5 0.75 74 5.6 0.0 
1045 44.0 0.5 42.0 1.6 100 4.0 0.0 2.5 0.75 76 5.8 0.0 
1115 44.0 0.5 42.0 1.6 100 4.0 0.0 2.5 0.75 5.8 0.0 
1145 44.0 0.5 42.0 1.6 106 4.2 0.0 2.5 0.70 78 5.8 0.0 
1215 44.0 0.5 42.0 1.6 106 4.2 0.0 2.5 0.75 80 5.8 0.0 

MIN: 44.0 0.5 42.0 1.2 100 3.0 0.0 2.5 0.60 72 3.9 0.0 
MAX: 44.0 0.5 42.0 1.6 106 4.2 0.0 2.5 0.75 78 5.8 0.0 
AVG: 44.0 0.5 42.0 1.5 101 3.7 0.0 2.5 0.69 75 5.1 0.0 



New Bedford Harbor 
Gas Train Conl'd 3-21-91A 
Waste Feeding (0815 - 1140) 

AD
Gas

Temp
(*F)

72 
72 
74 
74 
74 
74 
76 

78 
80 

72 
78 
75 

 Kiln
 Pilot
 Air
 (in w.c.)

0.2
 
0.2
 
0.2
 
0.2
 
0.2
 
0.2
 
0.2
 
0.2
 
0.2
 
0.2
 

0.2
 
0.2
 
0.2
 

 Kiln
 Atom
 Air
 (in w.c.)

5.0
 
5.0
 
5.0
 
5.0
 
5.0
 
5.0
 
5.0
 
5.0
 
5.0
 
5.0
 

5.0
 
5.0
 
5.0
 

 Gas
 Press
 Static
 (in w.c.)

0.5
 
0.5
 
0.5
 
0.5
 
0.5
 
0.5
 
0.5
 
0.5
 
0.5
 
0.5
 

0.5
 
0.5
 
0.5
 

 Gas
 Press
 Dynamic
 (in w.c.)

0.05
 
0.05
 
0.05
 
0.05
 
0.05
 
0.05
 
0.05
 
0.05
 
0.05
 
0.05
 

0.05
 
0.05
 
0.05
 

 AB

 Pilot

 Air

 (in w.c.)

0.2
 
0.2
 
0.2
 
0.2
 
0.2
 
0.2
 
0.2
 
0.2
 
0.2
 
0.7
 

0.2
 
0.2
 
0.2
 

 AB
 Atom
 Air
 (in w.c.)

4.5
 
4.5
 
4.5
 
4.5
 
4.5
 
4.5
 
4.5
 
4.5
 
4.5
 
4.5
 

4.5
 
4.5
 
4.5
 

 Gas
 Press
 Static
 (in w.c,)

8.5
 
8.S 
8.5
 
8.5
 
8.5
 
8.5
 
8.5
 
8.5
 
8.5
 
8.5
 

8.5
 
8.5
 
8.5
 

 Gas 
 Press 
 Dynamic 
 (in w.c.) 

0.3
 
0.3
 
0.3
 
0.3
 
0.3
 
0.3
 
0.3
 
0.3
 
0.3
 
0.3
 

0.3
 
0.3
 
0.3
 

Time 

745 
815 
845 
915 
945 

1015 
1045 
1115 
1145 
1215 

M1N: 
MAX: 
AVG: 

Gas

Press


Static

(psil

3.0

3.0

3.0

3.0

3.0
 
3.0
 
3.0
 
3.0
 
3.0
 
3.0
 

3.0

3.0

3.0


 Gas 
 Press 
 Dynamic 
 (in w.c.) 

 0.85
 
 0.85
 
 0.8S
 
 0.95
 

.00
 

.05
 

.05
 

.05
 

.05
 

.10
 

 0.85
 
 1.05
 
 0.98
 



t 

New Bedford Harbor 
Gas Train 3-21-9IB 
Waste Feeding (1240- 1715) 

Air Blow Air Total Air Kiln Kiln Sec Gas Gas Kiln AB ABSec 
Plenum Off Static Air Temp Air Air Pres Press Gas Air Air 

Time Air Flow Flow Flow Static Dynamic Temp Flow Flow 
(in w.c.) (in w.c.) (in w.c.) (in w.c.) (°F) (in w.c.) (in w.c.) (psi) (in w.c.) i"F) (in w.c.) (in w.c.) 

1245 44.0 0.5 42.0 3.8 110 4.2 0.0 2.5 0.70 82 6.0 0.0 
1315 44.0 0.5 42.0 2.2 110 4.4 0.0 2.5 0.65 82 6.8 0.0 
1345 44.0 0.5 42.0 2.2 110 4.6 0.0 2.5 0.75 82 6.8 0.0 
1415 44.0 0.5 42.0 2.2 110 4.6 0.0 2.5 0.75 82 6.8 0.0 
1445 44.0 0.5 42.0 2.2 110 4.6 0.0 2.5 0.75 82 6.8 0.0 
1515 44.0 0.5 42.0 2.2 110 4.6 0.0 2.5 0.75 82 6.8 0.0 
1545 44.0 0.5 42.0 2.2 106 4.6 0.0 2.5 0.75 82 6.8 0.0 
1615 44.0 0.5 42.0 2.2 104 4.6 0.0 2.5 0.75 80 6.8 0.0 
1645 44.0 0.5 42.0 2.2 104 4.6 0.0 2.5 0.75 78 6.8 0.0 
1715 44.0 0.5 42.0 2.2 104 4.6 0.0 2.5 0.75 78 6.8 0.0 
1745 44.0 0.5 42.0 2.2 102 4.6 0.0 2.5 0.75 78 6.8 0.0 
1815 44.0 0.5 42.0 2.2 102 4.6 0.0 2.5 0.75 78 6.8 0.0 
1845 44.0 0.5 42.0 2.2 102 4.6 0.0 2.5 0.75 78 6.8 0.0 
1915 44.0 0.5 42.0 2.2 102 4.6 0.0 2.5 0.75 78 6.8 0.0 
1945 44.0 0.5 42.0 2.2 102 4.6 0.0 2.5 0.75 78 6.8 0.0 
2015 44.0 0.5 42.0 2.2 102 4.6 0.0 2.5 0.75 78 6.8 0.0 
2045 44.0 0.1 40.0 2.0 102 4.6 0.0 2.6 0.20 78 6.8 0.0 

MIN: 44.0 0.5 42.0 2.2 104 4.2 0.0 2.5 0.65 78 6.0 0.0 
MAX: 44.0 0.5 42.0 3.8 110 4.6 0.0 2.5 0.75 82 6.8 0.0 
AVO: 44.0 0.5 42.0 2.4 108 4.5 0.0 2.5 0.74 81 6.7 0.0 



New Bedford Harbor 
Gas Train Conl'd 3-21-91B 
Wnslc Feeding (1240- 1715) 

Gns Gas AD Kiln Kiln Gas Gas AB AB Gas Gas 
Press Press Gas Pilot Alom Press Press Pilot Alom Press Press 

Time Slnlic Dynamic Temp Air Air Static Dynamic Air Air Static Dynamic 
fpsij (in w.c.l (*F) (in w.c.) |in w.c.) (in w.c.) (in w.c.) (in w.c.) (in w.c.) (in w.c.) (in w.c.) 

1245 3.0 .15 80 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
1315 2.8 .20 82 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
1.145 2.8 .25 82 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
1415 2.8 .25 82 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
1445 2.8 .25 82 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
1515 2.8 .25 82 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
1545 2.8 .25 82 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
1615 2.8 .25 80 0.2 6.0 0.5 0.05 0.2 6.O 8.5 0.3 
1645 2.8 .25 78 0.2 6.0 0.5 0.05 0.2 6.5 8.5 0.3 
1715 2.8 .25 78 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
1745 2.8 .25 78 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
1815 2.8 .25 78 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
1845 2.8 .25 78 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
1915 2.8 .25 78 0.2 6.0 0.5 0.05 0.2 6.0 8.S 0.3 
1945 2.8 .25 78 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
2015 2.8 .25 78 0.2 6.0 0.5 0.05 0.2 6.0 8.5 0.3 
2045 3.1 0.50 78 0.5 6.0 0.5 0.05 0.2 6.0 8.5 0.3 

Ml N. 2.8 1.15 78 0.2 5.0 0.5 0.05 0.2 4.5 8.5 0.3 
MAX: 3.0 1.25 82 0.2 6.0 0.5 0.05 0.2 6.5 8.5 0.3 
AVO: 2.8 1.24 81 0.2 5.9 0.5 0.05 0.2 5.9 8.5 0.3 



APPENDIX A-3
 

AIR POLLUTION CONTROL SYSTEM DATA
 

A-3-1
 



New Bedford Harbor 
Bay Area 3-15-91 
Waste Feeding (1000 -1405) 

2nd Dcmisler Carbon Bed 1st 
Time HEPA Exit HEPA 

(in w.c.) (in w.c.) (in w.c.) (in w.c.) 

1000 0.0 0.5 15.0 13.5 
1030 0.5 0.5 15.0 13.5 
1100 1.0 0.5 16.0 14.5 
1130 1.0 0.5 15.0 13.5 
1200 1.0 0.5 15.5 14.0 
1230 1.5 0.5 14.5 13.5 
1300 1.5 0.5 14.5 13.5 
1330 1.5 0.5 14.0 12.5 
1400 2.0 0.5 14.0 12.5 
1430 1.5 0.5 14.0 12.5 
1500 1.5 0.5 14.0 12.5 
1530 1.5 0.5 14.0 12.5 

NUN: 0.0 0.5 14.0 12.5 
MAX: 2.0 0.5 16.0 14.5 
AVG: 1.1 0.5 14.8 13.4 



New Bedford Harbor 
Bay Area 3-19-91 
Waste Feeding (0855 -1300) 

Time 

830
 
900
 
930
 

1000
 
1030
 
1100
 
1130
 
1200
 
1230
 
1300
 
1330
 
1400
 

NUN: 
MAX: 
AVG: 

2nd
HEPA
in w.c.)

2.5 
2.3 
0.5 
0.5 
0.5 
0.5 
1.0 
2.0 
2.0 
2.5 
2.5 
3.0 

0.5 
2.5 
1.3 

 Dcmistcr

 (in w.c.)

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 

 Carbon Bed
 Exit

 (in w.c.)

23.0 
22.0 
14.5 
14.0 
14.0 
14.0 
13.5 
13.5 
13.0 
13.0 
13.5 
13.5 

13.0 
22.0 
14.6 

 1st 
 HEPA 
 (in w.c.) 

15.0 
15.0 
13.0 
12.5 
12.5 
12.5 
12.0 
12.0 
11.5 
11.8 
12.0 
12.0 

11.5 
15.0 
12.5 



New Bedford Harbor 
Bay Area 3-21-91A 
Waste Feeding (0815 -1140) 

Time

745
 
815
 
845
 
915
 
945
 

1015
 
1045
 
1115
 
1145
 

MIN: 
MAX: 
AVG: 

2nd
 HEPA

(inw.c.)

1.5 
2.5 
2.0 
2.0 
2.5 
3.0 
2.0 
2.5 
2.5 

2.0 
3.0 
2.4 

 Demistcr

 (inw.c.)

0.5 
0.5 
0.5 
0.5 
0.5' 
0.5 
0.5 
0.5 
0.5 

0.5 
0.5 
0.5 

 Carbon Bed
 Exit

 (inw.c/)

12.5 
15.0 
13.5 
14.0 
14.0 
11.0 
10.5 
10.5 
10.5 

10.5 
15.0 
12.4 

 1st 
 HEPA 
 (inw.c.) 

11.0 
14.0 
12.0 
12.5 
12.5 
9.5 
9.0 
9.0 
8.5 

8.5 
14.0 
10.9 



New Bedford Harbor 
Bay Area 3-21-91B 
Waste Feeding (1240 -1715) 

Time

1245
 
1315
 
1345
 
1415
 
1445
 
1515
 
1545
 
1615
 
1645
 
1715
 
1745
 
1815
 
1845
 
1915
 
1945
 
2015
 
2045
 

MIN: 
MAX: 
AVG: 

2nd
 HEPA

(inw.c.)

3.5 
4.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.5 
2.0 

3.0 
4.0 
3.2 

 Dcmislcr

 (inw.c.)

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.1 

0.5 
0.5 
0.5 

 Carbon Bed
 Exit

 (inw.c.)

11.0 
10.5 
7.5 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
5.5 
6.0 

7.0 
11.0 
7.8 

 1st 
 HEPA 
 (inw.c.) 

9.2 

6.0 
5.5 
5.5 
5.5 
5.0 
5.0 
4.9 
5.0 
5.0 
4.0 
4.0 
4.0 
3.5 
3.5 
3.5 

4.9 
9.2 
5.7 



APPENDIX A-4
 

CONTINUOUS EMISSION MONITOR DATA
 

A-4-1
 



New Bedford Harbor 
CEM Data 3-15-91 
Waste Feeding (1000-1405) 

SE
 
O2
 

(%} 

8.8 
9.0 
8.9 
8.1 
8.6 
7.1 
8.7 
8.6 
7.7 
8.6 
8.3 
8.0 
8.5 
7.3 
7.6 
8.5 
8.2 
9.0 
8.8 
8.8 

7.1 
9.0 
8.3 

SE 
CO 

(ppm) 

4.0 
4.0 
2.0 
4.0 
4.0 
4.0 
3.5 
3.0 
3.0 
4.5 
3.5 
3.0 
3.5 
1.0 
2.0 
2.5 
2.5 
2.0 
1.0 
2.0 

1.0 
4.5 
3.2 

SE 
CO2 

(%) 

8.9 
7.1 
7.1 
7.7 
7.6 
8.4 
7.6 
7.7 
8.2 
7.8 
8.1 
8.6 
7.9 
8.2 
8.6 
7.6 
8.0 
7.4 
7.4 
7.4 

7.1 
8.9 
7.9 

SE 
UTHC 
(ppm) 

2.0 
2.0 
2.0 
2.2 
2.2 
2.7 
2.2 
2.2 
2.4 
2.4 
2.1 

2.1 
2.2 
2.3 
2.1 
2.3 

2.0 
2.7 
2.2 

SE 
NOx 

(ppm) 

0.5 
1.0 

93.3 
91.5 
82.5 
92.3 
83.3 
87.5 
94.3 
86.3 
88.0 
94.3 
92.3 

102.8 
94.3 
90.8 
88.8 
68.5 
70.8 
72.5 

0.5 
102.8 
80.2 

Stack 
O2 

(%) 

10.0 
11.4 
11.5 
10.9 
11.3 
10.3 
11.2 
10.9 
10.3 
10.9 
10.7 
10.4 
10.6 
10.2 
10.2 
10.8 
10.6 
11.0 
11.1 
11.0 

100
 
11.5 
10.7 

Stack 
CO 

(ppm) 

4.4 
4.2 
4.3 
4.3 
4.2 
4.7 
4.6 
4.5 
4.9 
4.9 
5.0 
4.9 
5.0 
5.2 
4.8 
4.8 
5.0 
5.0 
4.9 
4.9 

4.2 
5.2 
4.7 

Stack 
CO2 

(%) 

5.5 
5.2 
5.1 
5.6 
5.5 
6.2 
5.6 
5.7 
6.1 
5.7 
5.9 
5.9 
5.8 
6.4 
6.2 
5.6 
6.0 
5.4 
5.4 
5.4 

5.1 
6.4 
5.8 

Time 

950
 
1015
 
1030
 
1045
 
1100
 
1115
 
1130
 
1145
 
1200
 
1215
 
1230
 
1245
 
1300
 
1315
 
1330
 
1345
 
1400
 
1430
 
1500
 
1530
 

MIN: 
MAX: 
AVG: 

Kiln 
02 

(%) 

10.1 
13.2 
13.2 
11.6 
7.8 
7.8 

12.4 
12.1 
9.9 

12.3 
11.6 
10.0 
11.4 
9.7 

10.7 
11.4 
11.3 
12.4 
12.5 
12.6 

7.8 
13.2 
11.0 

AB 
O2 

(%) 

4.2 
7.2 
7.4 
6.3 
5.2 
4.5 
7.1 
6.9 
5.7 
6.9 
6.6 
5.9 
6.8 
6.2 
5.9 
7.1 
6.6 
7.1 
7.3 
7.3 

4.2 
7.4 
6.3 



New Bedford Harbor 

CEM Data 3-19-91 

Waste Feeding (0855 - 1300) 

Kiln All SE SE SE SE SE Slack Stack Stack 
Time O2 02 O2 CO CO2 UT1IC NO* 02 CO CO2 

(%) (%) ' (%) (ppm) (%) (ppm) f p p m  ) (%) (ppm) (%) 

830 13.6 7.9 9.4 0.5 7.2 1.1 93.0 11.5 3.3 5.3 
845 10.3 6.9 8.8 1.0 7.2 1.5 94.0 11.7 3.3 5.2 
900 10.4 5.3 8.2 1.5 8.6 1.5 86.5 11.1 3.3 5.6 
915 10.1 5.8 7.9 1.5 8.0 1.5 87.5 10.7 3.0 5.7 
930 10.8 6.7 8.5 0.0 7.6 0.9 85.3 10.6 3.3 5.8 
945 9.2 6.5 8.2 1.5 7.8 1.3 87.8 10.2 3.3 6.0 

1000 9.2 6.4 7.9 1.0 7.9 1.5 92.8 10.2 3.5 6.1 
1015 9.7 6.3 7.7 2.0 7.9 1.4 88.5 9.9 3.6 6.2 
1030 7.9 5.6 7.3 1.5 8.4 1.3 87.0 9.2 3.7 6.4 
1045 9.3 6.5 8.1 1.0 7.7 1.3 90.8 10.3 3.4 5.9 

1100 8.0 5.9 7.5 1.5 7.9 0.9 83.5 9.5 3.5 6.3 
1115 9.7 6.3 8.1 1.0 7.7 1.4 89.0 10.0 3.9 6.0 
1130 9.4 6.4 8.3 1.0 7.7 1.3 89.5 10.2 4.1 6.0 

1145 10.6 6.4 8.7 1.0 7.5 1.4 89.8 10.6 3.7 5.8 
1200 9.1 6.5 8.1 1.5 7.6 1.3 91.3 10.1 3.9 6.0 
1215 10.4 6.6 8.4 0.0 8.4 1.3 93.5 10.3 4.3 6.0 
1230 8.8 5.8 7.5 0.5 8.8 1.3 83.8 9.4 4.2 6.7 

1245 9.2 6.4 8.3 1.5 8.1 1.3 77.3 10.3 4.1 6.4 

1300 9.2 6.7 8.3 1.0 8.8 1.5 81.8 10.2 4.3 5.9 

1315 10.8 7.2 8.9 1.0 7.3 1.2 81.0 10.6 4.0 5.6 

1330 10.4 7.4 9.1 1.0 7.1 1.4 80.5 10.7 4.1 5.5 

1345 10.6 7.2 8.9 1.0 7.1 1.3 82.8 10.7 4.0 5.5 

1400 10.6 7.2 9.0 1.0 7.1 1.4 84.3 10.7 4.1 5.5 

1415 12.8 11.6 13.1 1.5 4.9 1.4 56.3 13.6 3.8 3.7 

M1N: 7.9 5.3 7.3 0.0 7.5 0.9 77.3 9.2 3.0 5.6 

MAX: 10.8 6.7 8.7 2.0 8.8 1.5 93.5 11.1 4.3 6.7 

AVO: 9.5 6.2 8.1 1.1 8.0 1.3 87.4 10.2 3.7 6.0 



New Bedford Harbor 
CEM Daln 3-21-91A 
Waste Feeding (0815 1140) 

Kiln AB SE SE SE SE SE Slack Slack Slack 
Time 02 02 02 CO CO2 UTHC NOx O2 CO C02 

(%) (%) (%) (ppm ) (%) (ppm) (ppm) (%) (ppm) (%) 

745 12.0 20.7 21.0 1.0 0.0 1.3 2.3 15.5 4.3 0.1 
800 20.5 20.5 20.2 1.0 0.0 0.6 2.5 19.6 4.8 0.1 
815 11.7 7.5 8.9 3.0 7.1 1.0 103.8 10.3 5.1 5.7 
830 10.6 7.4 8.7 3.0 7.0 0.9 88.3 10.8 4.7 5.5 
845 8.0 5.4 7.0 3.5 8.1 1.0 96.3 9.4 4.0 6.2 
900 9.6 6.2 7.9 3.0 7.9 0.9 99.5 9.9 5.1 6.1 
915 9.1 6.1 7.8 2.5 7.9 0.9 101.0 9.7 5.2 6.1 
9.10 8.7 5.6 7.4 3.0 8.3 1.3 97.3 9.6 5.3 6.3 
945 8.4 6.0 7.9 3.5 7.8 0.9 93.3 10.0 5.2 5.9 

1000 9.9 6.4 7.8 3.0 8.3 1.0 89.3 9.5 5.3 6.5 
1015 10.3 7.3 8.6 4.0 7.7 1.6 93.3 10.1 5.7 6.3 
1030 9.3 6.5 7.9 3.5 7.8 1.0 94.8 9.3 6.0 6.3 
1045 10.5 7.3 8.3 3.5 7.4 1.3 87.3 9.7 5.8 6.0 

1100 10.6 6.5 8.6 3.0 7.5 1.0 99.3 9.9 5.8 6.0 

1115 10.0 7.0 8.2 3.5 7.6 1.2 95.0 9.6 5.6 6.2 

1130 10.1 7.3 8.4 3.5 7.5 1.3 91.5 9.7 5.3 6.1 

1145 10.3 7.3 8.3 2.5 7.7 1.3 94.0 9.9 6.0 6.1 

1200 10.9 7.5 8.7 4.5 7.2 1.0 82.3 10.0 6.0 5.7 

1215 11.3 7.9 9.0 4.0 6.7 1.0 81.0 10.2 6.0 5.6 

1230 11.3 8.1 9.1 3.0 6.9 1.3 80.8 10.3 6.0 5.5 

M1N: 8.0 5.4 7.0 2.5 7.0 0.9 87.3 9.3 4.0 5.5 

MAX: 11.7 7.5 8.9 4.0 8.3 1.6 103.8 10.8 6.0 6.5 

AVG: 9.8 6.7 8.1 3.2 7.7 1.1 94.9 9.8 5.3 6.1 



New Bedford Harbor 
CEM Data 3-21-9113 
Waste Feeding (1240  1715) 

Kiln AD SE SE SE SE SE Stack Stack Stnck 
Time 02 02 02 CO CO2 UTHC NOx 02 CO C02 

(%) (%) (%) (ppm) (%) (ppm) (ppm) (%) (ppm) (%) 

12.10 11.3 8.1 9.1 3.0 6.9 1.3 80.8 10.3 6.0 5.5 
124S 11.4 8.0 9.0 3.0 6.9 1.1 84.3 10.4 5.7 5.4 
1300 10.8 7.5 8.7 2.5 7.3 1.2 91.3 10.0 6.1 5.8 
1315 10.9 7.0 8.2 3.5 7.5 1.5 90.0 9.5 6.3 6.2 
1330 10.3 6.9 8.4 4.0 9.8 1.7 94.3 9.7 6.4 6.1 
1345 10.6 7.6 8.9 3.0 7.1 1.6 86.8 9.8 6.4 6.0 
1400 9.4 6.4 8.0 3.0 7.7 1.5 96.5 9.0 6.3 6.5 
1415 10.4 7.2 8.6 3.0 7.3 1.4 96.8 9.4 6.3 6.2 
1430 8.8 6.3 7.6 3.0 7.4 1.3 101.0 8.9 6.6 6.5 
1445 17.6 7.1 8.3 3.5 8.3 1.4 84.0 9.3 6.7 6.5 
1500 10.1 6.7 7.9 1.5 7.8 1.3 91.8 8.9 6.7 6.8 
1515 9.0 6.8 8.0 3.0 7.4 1.0 93.0 8.7 6.7 6.1 
1530 9.9 7.2 8.6 1.0 7.3 1.5 91.0 8.9 7.0 6.4 
1545 10.1 6.9 8.2 1.5 7.4 1.5 90.8 9.3 6.3 6.2 
1600 10.6 7.4 8.8 2.5 7.2 1.8 78.3 9.6 6.5 6.1 
1615 10.2 7.2 8.4 3.0 7.2 1.7 80.8 9.3 6.5 6.1 
1630 10.1 7.2 8.6 2.0 7.2 2.2 82.8 9.5 6.7 6.1 
1645 10.1 7.3 8.4 2.5 7.2 1.8 85.5 9.5 6.8 6.1 
1700 10.4 7.3 8.6 3.0 7.3 1.8 84.8 9.5 6.5 6.2 

1715 8.9 6.4 7.2 2.5 8.3 1.5 78.3 8.4 7.1 7.1 
1730 11.6 7.9 9.0 2.0 6.9 1.7 65.5 9.8 6.7 5.9 

1745 11.7 8.0 9.2 5.0 6.8 1.8 65.0 10.0 7.3 5.7 
1800 11.9 8.2 9.3 5.0 6.8 1.4 65.8 9.9 7.5 5.7 

1815 11.9 8.1 9.2 1.5 6.7 1.3 67.3 9.9 7.2 5.7 

MIN : 8.8 6.3 7.2 1.0 6.9 1.0 78.3 8.4 5.7 5.4 

MAX: 17.6 8.1 9.1 4.0 9.8 2.2 101.0 10.4 7.1 7.1 

AVO: 10.5 7.1 8.4 2.7 7.5 1.5 88.1 9.4 6.5 6.2 



APPENDIX B
 

OPERATING DATA PLOTS
 

B-l 



APPENDIX B-l
 

KILN AND AFTERBURNER OPERATION
 

B-l-1 



s
\ 

TEST 1 (3/15/91) 
OPERATIONS,EVENTS AND SAMPLING 

12 

STM5 

SE 
SC W5 (DIOX) 
3ENM5 KB 
SE M5 Mstals 
SeM5 
PB Cascade 
PB M5 Kfetals 

2.5 
1177 

P8 duct tarp CO 

1093 
1232 

1177 
18 

PB tarp 

5 
1038 

Kiln 02 (%) 

Kiln tenp 

V^^^^J1^^^ 

732 
354 

Waste Feed (Kg) 

0 i 

11 13 

i 

15 

Time of Day (hr) 



TEST 2 (3/19/91) 
OPERATIONS.EVENTS AND SAMPLING 

STM5 

SE MM5 (DIOX)
 
SE W5 KB
 
SE M5 Nfetals
 
SEM5 
PBCascacte
 

12 fflH5 Metals
 

PB02 (X) 

1177 
PBdLct 

1093 
1232' 

PB tenp CC) 1177 
18 

y^^vW^^^
5 

1038 

Kiln tenp (°C)
 
732
 
354'
 

Haste feed (Kg) 

0 
~T~ 

B 10 12 14 

Time of Day (hr) 



TEST 3a (3/21/91)
 
12 

AB Q2 ( %  ) 

OPERATIONS.EVENTS AND SAMPLING 

2.5 
1177 

1093 
1232 

AB duct tarp (*C) 

1177 
18 

AB tarp (°C) 

Kiln 02 (%) 

5 
1038 

Kiln taip (°C) 

732 
354 

Vfaste feed (Kg) 

i i 

8 10 12 

Time of Day (hr) 



12
 

2.5
 
1177
 

1093
 
1232
 

1177
 
18
 

5
 
1038
 

732
 

0 

TEST 3b (3/21/91) 
OPERATIONS,EVENTS AND SAMPLING 

ST M5 
5E VDST 

SEM5htetals 
SEM5 
PB Cascade 
PB M5 Ktetals 

P6 duct tatp (°C) 

PB tenp (°C) 

Kiln 02 (%) 

Kiln tenp (*C) 

Waste Feed (Kg) 

+4

•41 1
 

1 1 ~T"
 

12 14 16 18 20
 

Time of Day (hr)
 



APPENDIX B-2
 

SCRUBBER EXIT AND STACK CONTINUOUS EMISSION MONITORS
 

B-2-1
 



TEST 1 (3/15/91) 
SCRUBBER EXIT OEM's 

Si' M5 

SK vrer 
SE NM5 (DICK) I— 
SE Mt3 pen I— 

I—SE M5 Metals 
SE M5 
AB Cascade 
AB M5 Metals 

120 

(ppn) 

0 
7 1UHC (ppn) 

0 
10.5 

1.5 CD? ( % ) 
9.5 

CD (ppn) 

0 "J^J^^^^
 

20
 
0*2 (%) 

4
 

354
 Waste feed 

r 
11 13 15 

Time of Day (hr) 



TEST 2 (3/19/91) 
SCRUBBER EXIT CEM'a 

120 

sr MS 
SE veer 
SEIW5 (DICK) 
SE NM5 KB 
SB to totals 
SEM5 
AB Cascade 
AB to totals 

0 
7 

0 _ 
10.5 ^_<^J^/JlS^\]\s^K\fijtf^ 

1.5 
9.5 

CD (ppn) 

0 
20 

^^^^^^^ 

4 
354 

Vteste feed (Kg) 
KH '̂̂  

8 10 12 14 

Time of Day (hr) 



f t 

TEST 3a (3/21/91) 
SCRUBBER EXIT CEM's 

120 

o 
7 

NX (ppn) 

UIHC (ppn) 

0 

10.5 

\ A 

002 (%) 
1.5 

9.5 
CD (ppn) 

0 
20 

354 

Vbste feed (Kg) 

+++-H-++ 

T I 
8 10 12 

Time of Day (hr) 



120 

TEST 3b (3/21/91)
 
SCRUBBER EXIT OEM's 

STMS
 
SE veer
 
SE hW5 (DICK) 
SE M^5 PCB 
SE to tetals 
SE M5
 
AB Cascade
 
AB N6 htetals
 

12 14 16 

Time of Day (hr) 



i 

TEST 1 (3/15/91) 
STACK CEM'a 

ST V& 

SE veer 
SE Wfi (DICK) 
SE W6 PO3 
SE M5 Ntetals 
SE M5 

AD Cascade 
RB M5 Metals 

0 
14.5 

CO (ppn) 

Filter change 

2.5 
20 

( %  ) 
Filter change 

7.5 
354 

Vfeste feed (Kg) 

•-H-*

11 13 

i 

15 

Time of Day (hr) 



TEST 2 (3/19/91) 
STACK CEM'a 

ST M5 

SE veer 
SE M>6 (DICK) 
SE NM5 PCD 
SE MS Metals 
SE M5 

AD Cascade 
AB M5 htetals 

.kj\j\rTAj^r™V\/\/^\sA^^ 

o 
14.5 

002 (% ) 

GO (ppn) 

2.5 
20 

7.5 
354 

Waste feed (Kg) 

8 10 12 14 

Time of Day (hr) 



TEST 3a (3/21/91) 
STACK CEM'3 

o 

14.5 

002 (*) 

CD (ppn) 

2.5 
20 

< %  ) 

_/\ 

7.5 
354 

Vfaste feed (Kg) 

8 

-H-+4: 

I 

10 

Time of Day (hr) 

I 

12 



TEST 3b (3/21/91)
 

sr MS 
SE VC6T 
SE Mto (DICK) 
SE M-6 KB 
SE M5 Matals 
SEM5 

AB Cascade 
AB M5 Metals 

0 
14.5 

002 (% ) 

CD (ppn) 

2.5 
20 

°2 

STACK CEM'3 

II—I 

A 

12 14 16 18 20 

Time of Day (hr) 
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LABORATORY ANALYSIS DATA
 

C-l 
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PROXIMATE AND ULTIMATE ANALYSES
 

C-l-1
 



i, Line. 
QUANTITATIVE MICROANALYSES
 

ORGANIC - INORGANIC
 
PHONE 615/546-1335 FAX 615/546-7209
 

HARRV W GALBRAlTH PM D
 
CMAIPMA^ OF Ta-'E BOARD
 

KENNETH S WOODS
 

VELMA M RUSSELL 
SECRETARY-TREASURER 

DAVID J STROM
 
SEMCR .iCI-=RES.DENT
 

GAIL R hLTCHENS
 
EXECUTIVE /ICS-=RESIDE"MT
 

WILLIAM M LONGMIRE
 
/ICE-PRES.CENT
 

TECHNICAL SERVICES
 

Corrected Letter
 

Ms. Joan Bass
 
Acurex Corporation
 
Hwy 65 N. NCTR Bldg. 45
 
Jefferson, Arkansas 72079
 

August 13, 1991
 

Received: July 22nd
 

Dear Ms. Bass:
 

Analysis of your compound gave the following results:
 

Your #, Our #,

F03141350 S-0147
Comp 

 Analyses,
 

 Ultimate,
 

% Moisture
 
% Carbon
 
% Hydrogen
 
% Kjeldahl Nitrogen
 
% Sulfur
 
% Chlorine
 
% Ash
 
% Oxygen (By Diff)
 

Proximate,
 

% Moisture
 
% Ash
 
% Volatile Matter
 
% Fixed Carbon (By Diff)
 

BTU/Ib •
 

63.89
 
11.06
 
1.21
 
0.38
 
0.59
 
0.85
 
28.50
 
57.41
 

63.89
 
28.50
 
5.91
 
1.44
 

948
 

Sincerely yours, 

GALBRAlTH LABORATORIES, INC 
! ' / 
\J 

Gail R. Hutchens 
Exec. Vice-President 

GRHrdse
 

LETTER AND SHIPMENTS BY U.S MAIL - P.O BOX 5I61O. KNOXVILLE. TN 37950-1610. OTHER CARRIERS - 2323 SYCAMORE DR.. KNOXVILLE. TN 37921-I75C 

ESTABLISHED 195O 



APPENDIX C-2
 

TRACE METALS ANALYSES
 

C-2-1
 



IIT1L5 illLTSIS BT IIDOCTimi COWID PUSH 

COITEACTOE: Techolo(j ippliutioti, lie. HOJICT: Iti ledford hrbor 
Dirt mum-, 04/09/91 tm EIPOETID 05/22/91 
EI80ISTOE: lichrdi UTIIl: lUCUTB.LIQntS .SOLIDS 
PISH EEPOETED: 3 UTiODS: SI 845 - 3010,3050,(010 
mtllXE: E1J0001 DISC: ClEMlt 
DME 0? UilTSIS: 05/05/51 
CBCIWH:^ S'22-lf 

testltt eiflftsied Li i{/l{ for lolidi, u/1 for liqiidi uclidii( difeited ttudirdt ud bluh. 

UE ID SilfU IB n(p) ioi(iii Cd Cr Ci ft 

51-02031 I0315112in,2,3,( 100 (.02 (.03 (.112 (.8! 
SH2032 I03151125n 30 3.31 U.C 43.S JT.5 
91-02033 10115100011,2,3,4 IDt U2 (.03 0.115 0.095 
!1-0203( E03191000PT 30 (.or r.J! 48.! 149 
11-02035 I032113(OI1,2,],( 100 t.O!T t.054 0.395 (.(82 
91-02036 E032113(OPI 30 U! T.35 (U 201 
51-02037 10315113311,2,3,1 50 <.0( 0.099 0.145 0.133 
81-02038 10315I133P! 30 3.58 21.0 H.J 105 
51-02035 1031!1000H,U( 100 <.02 (.03 (.02 US 
91-020(0 JL03191000PI 30 T.23 12.8 T3.1 m 
51-020(1 I032113((ll,2,:r( 100 U2 (.03 0.188 (.05 
81-020(2 i032113((PI 20 4.S2 12.1 43.? 9J.O 
51-020(3 B031515(0 100 0.138 1.94 4.4( 8.77 
51-020« {03191520 100 0.210 1.44 2.S5 5.42 
51-020(5 B03212K5 100 e.(30 1.21 3.42 5.(4 
51-020(6 FMHIMOTCIF 100 0.110 0.0(1 0.055 1.J2 
51-0204? !031(1350COU US T.39 151 308 235 
51-020(8 T0315H05 1.01 US 3?5 (08 21? 
51-020(5 T0315H05TCI! 100 fi.25? 0.048 (.32 8.705 
51-02050 T03151300 noo Ml 434 til U.( 
51-02051 T03191JflOTClP 100 0.045 <.03 3.01 0.1(1 
51-02052 T03211T15 1.00 « 35T Til (2.6 
51-02053 TOJlUIlStClF 100 0.043 (.03 3.84 0.405 
91-02054 Q0315KOOTCIPU 100 (.02 (.03 1.239 (.85 
51-02055 Q031512351EI 100 (.02 (.03 (.3(2 (.05 
91-02056 Q0(031315 lifU O.(08 (5 34.5 (.(1 <13 
51-0205? «0(03151C I5III 100 U2 (.03 0.225 (.05 
51-02056 F03K1200-U 1.02 3.T2 1(9 383 241 
51-02059 W3H111D-1! 1.03 (2 40.0 28E 153 
91-02050 M3H1215-iJ 1.02 T.35 159 345 281 
81-02051 wjnme-« 1.02 <2 (5.5 150 153 
91-02052 F03I(1225-I1 1.13 5.8S 125 242 185 
91-02D53 F03K123D-I2 1.01 22.( 242 388 !52 
51-02Q6( F03KI235-I3 i.«y 12.3 223 424 255 
SH20E5 WJH1MD-M 1.05 9.52 230 353 241 
53-02056 TD321114I 1.02 2.32 35? 785 n.o 
51-0205? WKllHfllCU 100 0.025 (.03 1.50 8.1(2 
DIG.ELili 3010 DCSTD.(/11/51 100 (.02 (.03 0.125 (.05 
D I G  . STUDIED 3010 DCSTD.(/11/91 100 0.051 0.304 0.387 0.494 
DlC.BUIt 3050 DCSID.5/I/91 100 (.02 0.039 (.02 (.05 
Dlli.STiSDAED 3050 DGSID.5/T/91 100 0.091 0.55? 0.519 0.978 
Iktorttictl cotceitrtticai it tifttid itudirdt : 

3010 3050 
0.05-U 0.10-Cd 
fl.30-Cr,Cs fl.EO-Cr.Ct 
0.50-Pb 1.00-Pk 

http:fl.EO-Cr.Ct


Qi/QC SHOUT 

DiplieiU Suple 
(Coicettnlioirii ppi foud ii niitioi ifter difeitioi) 

LAI ID UU1I ID n((i) TOL.(ii) Cd Cr Ci Pb 

91-02037 10315113311,2,3,4 SO (.02 0.050 0.072 0.0(7 
91-02037 dip 10315113311,2,3,4 SO <.02 0.050 0.071 (.05 

dip. I EZl. UIGI K I.JO 1.53 1C 

91-02041 103151445 1.01 0.055 3.71 (.11 2.79 
91-02041 dip. T031S1405 1.00 0.10) 7.2! 3.49 

dip. I III. UIGI 13.t 11.7 17.1 22. £ 

91-02054 100 (.02 <.03 0.239 (.05 
91-02054 dip QOJlSltOOTCLFBl 100 (.02 (.03 0.234 (.05 

dip. I 111. UIGI 1C 1C 1.99 1C 

91-02055 Q031S123SBBI 100 (.02 (.03 0.3(2 (.05 
S1-020JJ dip. 803151235BBI SO (.02 (.03 0.114 (.05 

dip. ! Eli. UIGI K K l.(4 1C 

91-02058 F031411200-il 1.02 0.031 1.53 3.93 2.47 
91-0205! d:p. f031411200-il 1.04 0.0(7 2.22 5.05 3.02 

dip. I III. UIGI 15.! 35.9 24.0 11.1 

1C- lot eilcihted 
ICT£: Dtpliute per:ut relititt rufe tdjuted for tuple teifiti/ioluei difested. 



SOIUZT (cut.) 

Will SPIU/UTill 5PIH DOPtlCITJ HSOLTS 
(Coicutrttioii ii ppi feud is icitlioi ifter difeit ioa) 

LAB II UIP1I ID n.(|) tOL.(il) Cd Cr Ci Pb 

91-02048 TO:i5UQ5 1.01 I.NU J.I! (.11 1.T9 

51-020(8 dip. ro:imo5 1.00 0.109 i.2( T.2! 3.19 

91-020(8 ut. ipk. T0315K05 1.01 6.158 3.76 i.OE 3.5? 

IUC07IET H.< < * (1.9 

Jl-02055 Q031S1235BBI 100 U2 <.03 0.»2 <.0! 

91-020!! dt;. Q031512J!EEI 50 (.82 (.03 0.1K (.05 

91-02055 lit. ipk. Q03H1235BBI 100 O.H51 0.302 O.((l O.UO 

IUCOTUI 101 101 9<.2 92.0 

91-0205! FflJl l lHOfl-U 1.02 0.03E 1.53 3.93 2.<? 

91-02058 dip. FOJWIlJDfl-il 1.0( 0.0!! 2.22 5.05 3.02 

91-02058 ut. ipk. W3H11200-U l.H 0.12( 2.20 (.51 3.52 

nicovnr	 n.i M.J * «.r 
91-02061 T02211HOTCLP 100 i.02E <.03 l.iO 0.1(2 

91-0205? ut. ipk. T032HHOTCI? 100 1.170 0.293 l.TS 0.59S 

XUCOTUT III 9T.T 13.3 17.2 

-	 Leiel of ipih issipificut to letel of uilyte (Ueoreticil letels ire me is 3010 difesttd itudirt! for liquids,
 
ud 3050 digested itudird for solids).
 

IOTE: Spite recounts ire adjusted for teight/Tolue of tpiked utrii digested ud uerife i|/k( or ig/l of origiul uhoii ud dupliuu. 
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PCB ANALYSES
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Project : New Bedford Harbor Page 1 of : 

U.S. EPA IRF Laboratory POL * Practical Ouantitation Liarit Z * Composite Sample
 
EPA Method 8080
 
By Hewlett Packard 5880 GC-ECD
 

Sample ID Nunber
 
Sample Matrix / Type
 

Collection Date
 
Extraction Date
 
Analysis Date
 
Analyte / Concentration
 

Target Analytes
 
Aroclor 1242
 
Aroclor 1254
 

Sample ID Nunber
 
Sample Matrix / Type
 

Collection Date
 
Extraction Date
 
Analysis Date
 
Analyte / Concentration
 

Target Analytes
 
Aroclor 1242
 
Aroctor 1254
 

Sample ID Nunber
 
Sample Matrix / Type
 

Collection Date
 
Extraction Date
 
Analysis Date
 
Analyte / Concentration
 

Target Analytes
 
Aroclor 1242
 
Aroclor 1254
 

F03 141200
 
Feed
 

03-14-91
 
03-18-91
 
04-26-91
 
(mg/kg)
 

11400
 
3030
 

F03141235
 
Feed
 

03-14-91
 
03-28-91
 
04-30-91
 
(mg/kg)
 

8170
 
1830
 

T03151405
 
Ash
 

03-15-91
 
03-28-91
 
04-30-91
 
(mg/kg)
 

133.
 
84.4
 

F 03141210 F03141215 F03141220 F03141225 F03141230 
Feed Feed Feed Feed Feed 

03-14-91 03-14-91 03-14-91 03-14-91 03-14-91 
03-18-91 03-18-91 03-18-91 03-18-91 03-28-91 
04-26-91 04-26-91 04-26-91 04-26-91 04-30-91 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

15100 3820 1230 4490 4410 
5680 1170 715 1700 1050 

F03141240 F03141350 Z F03141350 Z F03141241 
Feed Feed Feed Aroclor 

03-14-91 03-14-91 03-14-91 03-14-91 
03-28-91 03-28-91 07-26-91 04-03-91 
04-30-91 04-30-91 08-13-91 05-02-91 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

1930 4850 5100 1050000 
447 1300 1240 344000 

T03191300 T03211140 T03211715 
Ash Ash Ash Method 

POL 
03-19-91 03-21-91 03-21-91 
03-28-91 03-28-91 03-28-91 
04-30-91 05-02-91 04-30-91 
(mg/ks) (mg/kg) (mg/kg) (mg/kg) 

9S.6 57.2 177. 45.0 
32.2 44.4 68.0 15.0 

Analyst j-0<<5 V Date Q—tfrJ-~ I Laboratory Manager
 



Project : New Bedford Harbor	 Page 2 of 3 

U.S. EPA IRF Laboratory PQL » Practical Quantitation Li»it
 
EPA Method 8080 MO « Hot Detected
 
By Hewlett Packard 5880 GC-ECO
 

Sample 10 Number
 
Sample Matrix / Type
 

Collection Date
 
Extraction Date
 
Analysis Date
 
Analyte / Concentration
 

Target Analytes
 
Aroclor 1242
 
Ansel or 1254
 

Sample ID Nuraber 
Sample Matrix / Type 
* 

Collection Date 
Extraction Date 
Analysis Date 
Analyte / Concentration 

Target Analytes 
Aroclor 1242 
Aroclor 1254 

E03151125MM5 E03191000MM5
 
Flue Gas Flue Gas
 

03-15-91 03-19-91
 
03-16-91 03-20-91
 
04-25-91 04-26-91
 
(ug/train) (ug/train)
 

2.68 2.10
 
0.787	 0.828
 

maezxsxssxna
 

S3MXSXZXKVZX3XZSS! 

803151640 B03191520 
Liquor Liquor 

03-15-91 03-19-91
 
03-17-91 03-20-91
 
04-26-91 04-29-91
 
(ug/L) (ug/L)
 

< PQL MO 
< PQL NO 

E03191000MM5
 
Flue Gas
 

03-19-91
 
03-20-91
 
08-13-91
 
(ug/train)
 

1.15
 
0.703
 

B03212145
 
Liquor
 

03-21-91
 
03-26-91
 
04-29-91
 
(ug/L)
 

NO 

NO 

E03211340MM5 
Flue Gas Method 

PQL 
03-21-91 
03-26-91 
04-26-91 
(ug/train) (ug/train) 

< PQL 0.900
 
< PQL 0.300
 

•n**zzxBzsmzxn»nn*MMZBnnss! 

Method
 
PQL
 

(USA) 

0.900 
0.300 

XSS=SS=SSZXSSSXXXSEXZXSXXSCSSS XSSSS SK' 

Analyst	 Date Laboratory Manager Date
 er̂ 
 



Project : New Bedford Harbor P»ge 3 of 3
 

U.S. EPA IRF Laboratory POL « Practical Quantisation Limit
 
EPA Method 8080
By Hewlett Packard 5680 GC-ECD 

 NO > Not Detected 

Sample ID Number 
Sample Matrix / Type 

Collection Date 
Extraction Date 
Analysis Date 
Analyte / Concentration 

007251613SBK
Solvent Blank

07-25-91 
07-26-91 
08-13-91 
(ug/L) 

 007251612ABK
 XAD-2 Blank

07-25-91 
07-26-91 
08-13-91 
(ug/L) 

 008131610LBK
 Liquor Blank

08-13-91 
08-13-91 
08-13-91 
(ug/L) 

 0081316110FWBK 
 Organic Free 

Uater Blank 
08-13-91 
08-13-91 
08-13-91 
(ug/L) 

Method 
POL 

(ug/L) 

Target Analytes 
Aroclor 1242 
Aroclor 1254 

NO 
ND 

NO 
ND 

ND 
ND 

HO 
ND 

0.150 
0.0500 

Sample ID Number 
Sample Matrix / Type 

Collection Date 
Extraction Date 
Analysis Date 

B03212U5MS 
Liquor 

Matrix Spike 
03-21-91 
06-U-91 
07-11-91 

B03212K5MSD 
Liquor 

Matrix Spike 
03-21-91 
06-14-91 
07-11-91 

EXADPCBMS 
XAD-2 

Matrix Spike 
06-19-91 
06-19-91 
07-11-91 

EXAOPCBMSO 
XAD-2 

Matrix Spike 
06-19-91 
06-19-91 
07-11-91 

3ESSSSSS 

Spike Mix / Recovery (X) 
Aroclor 1242 88.2 92 5 117. 97.3 

Analyst Date \~ Laboratory Manager^ Date
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U.S. EPA IRF Laboratory 
EPA Method 8080 
By Hewlett Packard 5880 CC-ECO 

Sample ID Munber
Sample Matrix / Type

 T03211UOHS
 Ash

 TQ3211UOHSO 
 Ash 

Collection Date
Extraction Date
Analysis Date

 03-21-91
 08-26-91

 08-27-91

 03-21-91 
 08-26-91 
 08-27-91 

Spike Mix / Recovery (X) 
Aroclor 1242 49.2 51.6 

Analyst I =̂ ) f̂?c£-C* Date ' " ~ ' ' Laboratory Hanager.-̂ -***̂  J^ to-vcrt. Date ///? M )
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U.S. EPA IRF Laboratory POL * Practical Quantitat ion Limit A * Acid Surrogates not spiked. 
EPA Method 8270 Analyses Data NO > Not Detected 
By Hewlett Packard 5880/5970B HSD N/A * Not Applicable 

mm»fXfmm*m9mmmmmi 

Sample ID Number T0315U05 T03191300 T03211140 T03211715 
Sample Matrix/Type Ash Ash Ash Ash Method 

PQL 
Collection Date 03-15-91 03-19-91 03-21-91 03-21-91 
Extraction Date 03-28-91 03-28-91 03-28-91 03-28-91 
Analysis Date 04-17-91 04-17-91 04-17-91 04-18-91 
Analyte / Concentration (ing/kg) (mg/kg) ("S/k9) (Mg/kg) (ing/kg) 

EXB SZX SCSB 3ECXS JS* 

Target Analytes 
Naphthalene NO < PQL < PQL < PQL 1.33 
Acenaphthene NO ND ND ND 1.33 
Phenanthrene < PQL < PQL < POL < PQL 1.33 
Fluor inthene < PQL ND < POL < POL 1.33 
Pyrene < POL ND < PQL < POL 1.33 
ienzo( a) anthracene < PQL NO ND ND 1.33 
Benzo(a)pyrene NO ND ND ND 1.33 

Surrogate Compound /Recovery (%) 
2-Fluorophenol A A A A N/A 
Phenol d-6 A A A A N/A 
Nitrobenzene d-5 95.4 86.8 82.9 120. N/A 
2-Fluorobipoenyl 80.3 74.2 71.2 83.1 N/A 
2,4,6-Tribromophenol A A A A N/A 
4-Terphenyl d-U 76.3 69.5 76.4 88.0 N/A 

Analyst Date Laboratory Date
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U.S. EPA IRF Laboratory POL * Practical Ouantitation Limit
 
EPA Method 8270 Analyses Data
 
By Hewlett Packard 5880/597QB MSO
 

Sample ID Number
 
Sample Matrix/Type
 

Collection Date
 
Extraction Date
 
Analysis Date
 
Analyte / Concentration
 

Target Analytes
 
Naphthalene
 
Acenaphthene
 
Phenanthrene
 
Fluoranthene
 
Pyrene
 
BenzoCa) anthracene
 
Benzo(a}pyrene
 

Surrogate Compound /Recovery (X)
 
2*Fluorophenol
 
Phenol d-6
 
Nitrobenzene d-5
 
2-Fluorobiphenyl
 
2,4,6-Tribromophenol
 
4-Terphenyl d-14
 

B03151640
 
Liquor
 

03-15-91
 
03-17-91
 
04-13-91
 
(ug/L)
 

NO
 
NO
 
NO
 
NO
 
NO
 
NO
 
NO
 

57.7
 
68.1
 
91.4
 
66.9
 
62.5
 
80.8
 

NO * Not Detected
 
N/A * Hot Applicable
 

B03191520
 
Liquor
 

03-19-91
 
03-20-91
 
04-13-91
 
(ug/L)
 

HO
 
MO
 
NO
 
NO
 
NO
 
NO
 
NO
 

47.2
 
35.6
 
73.5
 
58.0
 
56.2
 
63.4
 

B03212145
 
Liquor
 

03-21-91
 
03-26-91
 
04-13-91
 
(ug/L)
 

NO
 
NO
 
HO
 
NO
 
HO
 
HO
 
NO
 

20.7
 
26.2
 
70.8
 
55.2
 
37.8
 
54.9
 

Method
 
POL
 

<ug/D
 

20.0
 
20.0
 
20.0
 
20.0
 
20.0
 
20.0
 
20.0
 

N/A
 
N/A
 

N/A
 
N/A
 
N/A
 
N/A
 

Analyst Date Laboratory Manager Date fr/20/f/ 
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 POL • Practical Quantitat ion Limit A « Acid Surrogates not spiked
 U.S. EPA IRF Laboratory

EPA Method 8270 Analyses Data

By Hewlett Packard 5880/5970B HSO


Saople ID Number
 
Sample Matrix/Type
 

Collection Date
 
Extraction Date
 
Analysis Date
 
Analyte / Concentration
 

Target Analytes
 
Naphthalene
 
Acenaphthene
 
Phenanthrene
 
Fluoranthene
 
Pyrene
 
Benzo(a)anthracene
 
Benzo(a)pyrene
 

Surrogate Compound /Recovery (Z)
 
2-Fluorophenol
 
Phenol d-6
 
Nitrobenzene d-5
 
2-Fluorobiphenyl
 
2,4,6-Tribromophenol
 
4-Terphenyt d-H
 

 ND • Not Detected
 
 N/A • Not Applicable
 

F03141350
 
Feed
 

03-14-91
 
03-28-91
 
04-18-91
 
(mg/kg)
 

< POL
 
ND
 
< PQL
 
< PQL
 
< PQL
 
< PQL
 
ND
 

A
 
A
 

102.
 
108.
 

A
 
115.
 

F03H1350
 
Feed
 

03-U-91
 
07-26-91
 
08-09-91
 
(mg/kg)
 

ND
 
ND
 
< POL
 
< PQL
 
< PQL
 
< PQL
 
ND
 

A
 

A
 

63.1
 

76.2
 
A
 

73.7
 

Method
 
PQL
 

(mg/kg)
 

49.8
 
49.8
 
49.8
 
49.8
 
49.8
 
49.8
 
49.8
 

N/A
 
N/A
 
N/A
 
N/A
 
N/A
 
N/A
 

Analyst Date Laboratory Manager Date
 



Project : New Bedford Harbor
 

U.S. EPA 1RF Laboratory
 
EPA Method 8270 Analyses Data
 
By Hewlett Packard 5680/5970B HSO
 

Sample ID Number E03151125AKM5
 
Sample Matrix/Type E-Duct Flue Gas
 

Collection Date 03-15-91
 
Extraction Date 03-16-91
 
Analysis Date 04-11-91
 
Analyte / Concentration (ug/train)
 

Target Analytes
 
Naphthalene HO
 
Acenaphthene HO
 
Phenanthrene HO
 
Fluoranthene HO
 
Pyrene NO
 
Benzo(a)anthracene ND
 
Benzo(a)pyrene NO 

Surrogate Compound /Recovery CX) 
2-Fluorophenol 73.5 
Phenol d-6 63.2 
Nitrobenzene d-5 80.3 
2-Fluorobiphenyl 85.2 
2,4,6-Tribromophenol 74.6
 
4-Terphenyl d-14 76.7
 

page 4 of7
 

PO.L « Practical Quantitation Limit
 
NO « Not Detected
 
M/A • Not Applicable
 

•»f^MMWLMM MMMWXM1
 

E03151125AHH5 E03191000AMM5 E03211340AHH5
 
E-Duct Flue Gas E-Duct Flue Gas E-Duct Flue Gas Method
 

POL
 
03-15-91 03-19-91 03-21-91
 
03-16-91 03-20-91 03-26-91
 
08-08-91 04-11-91 04-11-91
 
(ug/train) (ug/train) (ug/train) (ug/train)
 

ND KD HO 20.0
 
HO HO ND 20.0
 
NO HO HO 20.0
 
HO HO ND 20.0
 
ND NO HO 20.0
 
HO HO HO 20.0
 
ND NO HO 20.0
 

75.0 63.7 52.6 N/A
 

66.2 52.9 51.6 N/A
 
69.9 79.6 93.2 N/A
 
66.2 81.3 88.2 N/A
 
82.6 60.6 84.5 N/A
 
67.1 71.0 78.0 N/A
 

BSZZSSSZ3X3SSSKS33
 

Analyst Date Laboratory Manageerr-̂  Date
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U.S. EPA IRF Laboratory POL * Practical Quant it at ion Limit B « Acid Surrogates spiked double.
 
C * Acid Surrogates not spiked.
 EPA Method 8270 Analyses Data
 

By Hewlett Packard 5880/5970B MSD
 

Sanple ID Number
 
Sanple Matrix/Type
 

Collection Date
 
Extraction Date
 
Analysis Date
 

Spike Compound / Recovery (X)
 
Phenol
 
2-Chlorophenol
 
1,4-Dichlorobenzene
 
N-nitrosodi-n-propylamine
 
1 ,2,4-Trichlorobenzene
 
4-Ch I oro-3 -methyl phenol
 
Acenaphthene
 
4-Nitrophwol
 
2,4-Dinitrototuene
 
Pentachlorophenol
 
Di-n-butylphthalate
 
Fluoranthene
 
Pyrene
 
Chrysene
 

Surrogate Compound / Recovery (S)
 
2-Fluorophenol
 
Phenol d-6
 
Nitrobenzene d-5
 
2-Fluorobiphenyl
 
2,4,6-Tribromophenol
 
4-Terphenyl d-14
 

T03211140MS
 
Ash
 

Matrix Spike
 
03-21-91
 
06-18-91
 
06-27-91
 

79.8
 
77.5
 
85.8
 
89.7
 
78.7
 
77.3
 
80.6
 
70.5
 
82.4
 
59.9
 
75.3
 
58.5
 
121.
 
74.1
 

78.0
 
87.6
 
80.5
 
74.5
 
79.1
 
112.
 

HO « Not Detected

N/A = Not Applicable
 

T03211140MSD
 
Ash
 

Matrix Spike
 
03-21-91
 
06-18-91
 
06-2o-91
 

92.0
 
83.2
 
70.4
 
93.7
 
74.3
 
86.8
 
80.9
 
66.5
 
87.8
 
59.5
 
77.4
 
65.8
 
79.5
 
80.1
 

85.1
 
96.9
 
85.5
 
76.5
 
88.6
 
73.4
 

F01141351MS
 
Feed
 

Matrix Spike
 
01-14-91
 
06-23-91
 
06-28-91
 

139.
 
128.
 
108.
 
122.
 
110.
 
120.
 
109.
 
69.9
 
93.9
 
72.2
 
63.7
 
73.2
 
160.
 
136.
 

248 B
 
272 B
 
108
 
109
 
214 B
 
114
 

F01141351MSO
 
Feed
 

Matrix Spike
 
01-14-91
 
06-23-91
 
06-28-91
 

121.
 
116.
 
120.
 
128.
 
124.
 
117.
 
111.
 
70.9
 
99.7
 
54.4
 
49.3
 
47.8
 
91.7
 
106.
 

C
 
C
 
108.
 
109.
 
C
 
114.
 

VJ Laboratory Analyst WA?t> Date 
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U.S. EPA IRF Laboratory POL * Practical Quant1 tat ion Limit
 
EPA Method 8270 Analyses Data NO • Not Detected 
By Hewlett Packard 5880/59706 HSD N/A « Not Applicable 

St SKZSSMUKMXX 

Sample 10 Number B03212145MS B03212145MSO EXAOPAHHS EXADPAHMSO 
Sample Matrix/Type Liquor Liquor MM5 Train MM5 Train 

Matrix Spike Matrix Spike Matrix Spike Matrix Spike 
Collection Date 03-21-91 03-21-91 06-18-91 06-18-91 
Extraction Date 06-14-91 06-14-91 06-18-91 06-18-91 
Analysis Date 06-27-91 06-27-91 06-27-91 06-27-91 

Spike Compound / Recovery (X) 
Phenol 53.7 57.6 91.0 91.6 
2-Chlorophenol 74.6 75.2 85.6 84.4 
1 , 4-D i ch I orobenzene 45.8 47.5 59.7 33.7 
N-nitrosodi-n-propylamine 92.2 92.8 88.7 63.2 
1,2,4-Trichlorobenzene 47.6 47.2 58.9 36.3 
4-Chloro-3-methylphenol 74.8 66.8 89.1 85.1 
Acenaphthene 72.1 72.4 62.7 63.6 
4-Nitrophenol 35.6 63.9 93.6 78.1 
2,4-Dinitrotoluene 83.4 90.6 67.2 77.8 
Pentachlorophenol 77.8 88.0 85.4 81.3 
Di-n-butylphthalate 85.7 96.8 69.0 75.6 
Fluoranthene 72.8 86.4 67.6 76.8 
Pyrene 108. 99.6 88.7 104. 
Chrysene 77.5 82.7 67.5 85.0 

Surrogate Compound / Recovery (S) 
2-Fluorophenol 56.5 70.0 86.6 87.4 
Phenol d-6 57.4 67.0 94.7 98.3 
Nitrobenzene d-5 78.1 70.6 77.9 76.5 
2-Fluorobiphenyl 55.1 53.1 72.0 68.9 
2,4,6-Tribrocnophenol 92.8 100. 90.8 91.6 
4-Terphenyl d-14 107. 95.1 107. 102. 

ESSSESBSSSSS 

Analyst Date Laboratory ate
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U.S. EPA IRF Laboratory POL « Practical Quant it at ion Limit 
EPA Method 8270 Analyses Data ND = Not Detected 
By Hewlett Packard 5880/5970B USD N/A * Not Applicable 

Sample ID Number Q08131610TAPBK 00813161 10FUBK Q07251613SBK 007251 61 2ABK 
Sample Matrix/Type Tap Water Blank Organic Free Water Solvent Blank XAD-2 Blank Method 

Blank POL 
Collection Date 08-13-91 08-13-91 07-25-91 07-25-91 
Extraction Date 08-13-91 08-13-91 07-26-91 07-26-91 
Analysis Date 08-14-91 08-14-91 08-09-91 08-09-91 
Analyte / Concentration (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) 

Target Analytes 
Naphthalene NO ND ND ND 20.0 
Acenaphthene ND ND ND ND 20.0 
Phenanthrene ND ND ND ND 20.0 
Fluoranthene ND ND ND ND 20.0 
Pyrene ND NO ND ND 20.0 
Benzo(a)anthracene ND ND ND ND 20.0 
Benzo(a)pyrene ND ND ND ND 20.0 

Surrogate Compound /Recovery (X) 
2-Fluorophenol 56.7 56.2 56.0 76.4 N/A 
Phenol d-6 42.5 41.6 61.2 82.6 N/A 
Nitrobenzene d-5 62.9 62.9 45.5 61.2 N/A 
2-Fluorobiphenyl 56.9 53.8 43.8 57.7 N/A 

2,4,6-Tribromophenol 71.0 76.7 53.3 69.1 N/A 

4-Terphenyl d-14 81.1 56.0 49.7 73.7 N/A 

Analyst ^-°1 1 Laboratory iaJ<X. Date 
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PROPRIETARY INFORMATION
 

. 3 Sample Data
 

For each sample analyzed, a 'sample data pack* is p r o v i d e d ,
 
which consists of:
 

3.3.1 Sample Data Summary Topsheet and Data Qualifiers
 

A Sample Data Summary Top Sheet {Figure 2), which summarizes
 
the analyte concentrations, specific congener retention
 
times, ion-abundance ratios and percent recoveries, analyst
 
i n i t i a l s , date of a n a l y s i s , TLI project number. Client
 
identification, Client Sample identification, GC/MS file
 
name, and continuing calibration file name. The terminology
 
of the symbols used on the header of this reporting form
 
(e.g., EMPC, ppt...) are given below.
 

On the Sample Data Summary Topsheets, the concentrations of
 
the analytes are given either in parts per quadrillion (ppq),
 
parts per trillion (ppt) or parts per billion (ppb). Abso
lute amounts (in pg or ng) are reported for *A" and "AA"
 
s ample types.
 

•RT" is the gas chromatographic retention time in minutes
 
and seconds.
 

"number" is the number of GC peaks identified as PCDD/PCDF
 
isomers in the totals reported for each homologous series,
 

"ratio" is the integrated ion - abundance ratio as shown in
 
Table 7,
 

"DL" is the detection limit for samples presenting an analyte
 
response that is less than 2.5 times the background level,
 

" E M P C " , r e p r e s e n t i n g t h e e s t i m a t e d m a x i m u m p o s s i b l e
 
concentration, is reported for GC/MS signals eluting within
 
the PCDD/PCDF retention time windows established with the
 
d:.ily GC performance analysis, and which are characterized by
 
a signal-to-noise ratio in excess of 2.5:1 but do not meet
 
all of the qualitative identification criteria listed in
 
S ection 2.5. The "EMPC" is c a l c u l a t e d by using the same
 
e x p r e s s i o n u s e d f o r r e p o r t i n g t h e i d e n t i f i e d a n a l y t e
 
concentrations. The "DL" and "EMPC" are both reported in the
 
sar.e units used to report detected analytes.
 

" F l a g s " are u s e d to warn the Data User of s p e c i f i c
 
p e c u l i a r i t i e s a s s o c i a t e d with the results of a particular
 
s a m p l e . For r e p o r t i n g r e s u l t s , the following s p e c i f i c
 
data qualifiers are used:
 

S This qualifier indicates that the response of a specific
 
PCDD/PCDF isomer has exceeded the normal dynamic range of
 
the KSSS spectrometer detection system. The corresponding
 
signal is saturated and the reported analyte concentration
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is a 'minimum estimate' regardless of vhether or not the
 
ion-a bundance ratio or the retention time criteria are
 
met. Vhen the S qualifier is associated vith the report
ing of 'totals', its use is to varn the Data User of the
 
existence of one (not necessarily from a specific isomer)
 
or more saturated signals for a given class of compounds.
 

I This flag identifies a labeled compound (e.g., internal
 
standard) for vhich the retention time criterion vas not
 
met due to the possible presence of coeluting
 
interferences. The concentration of unlabeled tnalytes
 
(computed relatively to the labeled standard in question)
 
may be underestimated vhile the percent recoveries of the
 
flagged labeled standard may be higher than reality.
 

Note that this qualifier may also be used if several
 
unexpected signals are found to elute in the vicinity of
 
the labeled standards even though the former's
 
identification criteria are met.
 

Q A ' Q' qualifier is used to varn the Data User of the
 
existence of a "quantitative interference* as defined in
 
Section 5.1.2.6.1 of Triangle Laboratories User Manual.
 
The reported concentrations and percent recoveries may be
 
questionable.
 

A Vhen an 'A" data qu&lifier is used in conjunction vith the
 
' Q' data qualifier, the results reported have been
 
adjusted to reflect the change of sensitivity observed on
 
the QC SICPs (Section 5). This v-ill only apply to percent
 
recoveries of labeled compounds when a quantitative
 
interference is detected.
 

N Carbon-labeled internal standard characterized by a
 
signa.l- to-noise ratio of less than 10:1 vill be flagged by
 
using the qualifier 'N'.
 

E This flag vill be used to indicate that the results
 
reported for the anslytes (e.g., 1,2,3, ?,8-PeCDD and total
 
PeCDD) quantified relative to a specific internal standard
 
(e.g., **C;--l,2.3,7,8-PeCDD) are rejected due to failure
 
to achieve adequate recoveries (i.e., belov QC limits)
 
concomitantly vith a lov signa1 -to-noise ratio (S/N<
 
10:1) for the internal standard and associated specific
 
ar.alyte (Figure 13 ). In such cases, Triangle Labs
 
recommends that the sample extraction and analysis be
 
repeated to verify that no matrix effect is responsible
 
for the observation(s) .
 

V / 'V flag indicates that the analytical results reported
 
for the associated analytes are considered valid even
 
though the percent recoveries of the internal standard are
 
belov the QC Units. Thus, Triangle Labs considers that a
 
re-extraction of the sample is not varranted. Please
 
refer to Section 5.1.3.A.I for additional explanations.
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This flag is used when the an a1y t e is found in the 
associated laboratory method blank sample as veil as in 
the field sample. The flag is to varn the Data User of 
the possible/probable blank contamination. 

L This flag identifies detected analytes for 
reported concentrations are belov the working 
curve of the GC/MS system. 

vhich the 
calibration 

E This data qualifier is used to varn the Data User of the 
presence of signals in the polychlorinated diphenylether 
channels that may interfere with the determination of 
polychlorinated dibenzofurans. 

RO Internal standards for which the ion-abundance ratio is 
measured outside the acceptable range are flagged with 
'RO' to indicate the possibility of the presence of a 
coeluting interference. 

PR The presence of "poorly resolved* GC peaks is flagged by 
using the PR data qualifier. This will normally be used 

specific analytes only. for 

X Other specific flags and footnotes may be required to 
properly define the results. If used, they vill be fully 
described in the Case Narrative. If more than one is 
necessary, a different letter (e.g., Y, Z..) vill be used. 

3.3.2 "Raw Data" and "Matched Peaks" Files
 

A set of dBase- gene rated pages ("Rav Data" file; Figure 6)
 
reporting the mass of the ions monitored, their corresponding
 
area measurements and retention times for all the GC/KS peaks
 
r e c o r d e d within the a p p r o p r i a t e retention time windows is
 
p r ovided following the Sample Data Summary Sheet. The data
 
can be used by the Data User during the audit to recalculate
 
the results reported on the Sample Data Summary Top Sheet.
 
A d d i t i o n a l l y , the "Matched Peaks" file (Figure 7) summarizes
 
the ion- abundance ratios ("RATIO") and relative retention
 
times ("REL_RT") of the GC/MS signals. Note that under the
 
header "M_Z" of the "Matched Peaks" file are represented the
 
low-mass ions used in the computation of the ratios (e 6- .
 
M/2 316 - rr,/z 316/ m/z 318; the values originate from the
 
corresponding m/z's with the correct retention time from the
 
"Raw Data" file). The results from the computation of the
 
i on-abundance ratios ("MATCH RAT") and relative retention
 
times ("MATCH RT") are compared to tolerance windows (as
 
stipulated in Section 2.5) and a true "T" or false "F" state
ment is printed depending on the outcome of the computation
 
and the acceptable values.
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TRIANGLE LABORATO RIES, INC. Page 1 of 2
 
PCDD/PCDF 2378X ANALYSIS (a) 05/02/91
 

FILE NAME : S912026 CLIENT : ACUREX TLI SAMPLE ID.: 42-149-2
 
CONCAL : S912020 SAMPLE ID • E03151125 MM5
 
ANALYST : LH ANALYSIS DATE: 04/26/91 PROJECT NUMBER: 17844
 
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: MM5 DATE RECEIVED.: 04/05/91
 
ICAL DATE : 03/05/91 SAMPLE ORIGIN: n/a DATE COLLECTED: / /
 
SPIKE FILE...: SPX23704 CLIENT PROJECT: NEW BEDF
 

NAME AMT(ng ) NUMBER DL EMPC RATIO RT FLAGS
 

2378-TCDD 0.01 0.67 32:45
 
12378-PeCDD 0.006 1.37 38:10
 
123478-HxCDD 0.004 1.25 42:58
 
123678-HxCDD 0.005 1.34 43:07
 
123789-HxCDD 0.007 1.17 43:34
 
1234678-HpCDD EMPC 0.03
 
OCDD 0.16 0.84 54:02 £» _
 

2378-TCDF 1.7 0.74 31:57
 
12378-PeCDF 0.28 1.70 36:45
 
23478-PeCDF 0.33 1.56 37:43
 
123478-HxCDF 0.13 1.16 41:50
 
123678-HxCDF 0.05 1.13 42:01
 
234678-HxCDF 0.06 1.15 42:48 17" PR
 
123789-HxCDF EMPC 0.005
 
1234678-HpCDF EMPC 0.04
 
1234789-HpCDF 0.009 0.97 48:55
 
OCDF 0.05 0.79 54:20
 

TOTAL TCDD 0.06 8 0.09 0.76
 
TOTAL PeCDD 0.02 6 0.08 1.57
 
TOTAL HxCDD 0.04 6 1.26
 
TOTAL HpCDD 0.03 1 0.06 0.91
 

TOTAL TCDF 10.4 14 10.4 0.76
 
TOTAL PeCDF 2.9 15 1.57 .
 
TOTAL HxCDF 0.49 10 0.50 1.19 &
 
TOTAL HpCDF 0.02 2 0.09 0.94
 

Reviewed By: ! frxu >'/*n\\ X237_RPT 3.04, LARS Version 3.18.05
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PCDD/PCDF 2378X ANALYSIS (a) QA/OC SUMMARY 05/02/91
 

FILE NAME : S912026 CLIENT : ACUREX TLI SAMPLE ID.: 42-149-2
 
CONCAL : S912020 SAMPLE ID : E03151125 MM5
 
ANALYST : LH ANALYSIS DATE: 04/26/91 PROJECT NUMBER: 17844
 
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: MM5 DATE RECEIVED.: 04/05/91
 
ICAL DATE : 03/05/91 SAMPLE ORIGIN: n/a DATE COLLECTED: / /
 
SPIKE FILE...: SPX23704 CLIENT PROJECT: NEW BEDF
 

ALTERNATE STANDARDS RECOVERY SUMMARY (TYPE A )
 

NAME AMT (ng ) X REC. RATIO RT FLAGS 

13C12-HXCDF 789 3.5 86.5 0.51 43:58 
13C12-HXCDF 234 3.8 95.2 0.51 42:47 

INTERNAL STANDARDS RECOVERY SUMMARY 

NAME AMT (ng ) REC. RATIO RT FLAGS 

13C12
13C12
13C12
13C12
13C12
13C12
13C12
13C12
13C12

2378-TCDF 
•2378-TCDD 
PeCDF 123 
•PeCDD 123 
HxCDF 678 
•HxCDD 678 
•HpCDF 678 
•HpCDD 678 
•OCDD 

3.2 
3.5 
4.3 
5.4 
3.3 
3.6 
3.1 
3.2 
4.5 

79. 
87. 
107 
136 
81. 
90. 
78. 
81. 
56.5 

0.76 
0.79 
,49 
,65 
.50 
.22 

1. 
1. 
0. 
1. 
0.44 
1.01 
0.87 

31:55 
32:44 
36:43 
38:10 
42:00 
43:06 
46:30 
48:09 
54:01 

Reviewed By: 21! X237.RPT 3.04, LARS Version 3.18.05
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PCDD/PCDF 2378X ANALYSIS (a 0 05/02/91
 

FILE NAME : S912027 CLIENT : ACUREX TLI SAMPLE ID • 42-149-3
 
CONCAL : S912020 SAMPLE ID : E03191000 MM5
 
ANALYST : LH ANALYSIS DATE: 04/26/91 PROJECT NUMBER' 17844 
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: MM5 DATE RECEIVED.: 04/05/91 
ICAL DATE.. . . :03/05/91 SAMPLE ORIGIN: n/a DATE COLLECTED: / / 
SPIKE FILE...: SPX23704 CLIENT PROJECT: NEW BEDF 

NAME AMT(ng ) NUMBER DL EMPC RATIO RT FLAGS 

2378-TCDD 0.01 0.74 32:46 
12378-PeCDD EMPC, 0.005 
123478-HxCDD EMPC 0.005 
123678-HxCDD 0.005 1.17 43:08 ' 
123789-HxCDD ND 0.005 
1234678-HpCDD 0.05 1.05 48:10 
OCDD 0.24 0.87 54:03 JL 

2378-TCDF 1.1 0.73 31:58 
12378-PeCDF 0.13 1.55 36:46 
23478-PeCDF 0.12 1.47 37:43 
123478-HxCDF 0.08 1.23 41:51 
123678-HxCDF 0.03 1.21 42:01 
234678-HxCDF 0.04 1.10 42:48 
123789-HxCDF 0.003 1.27 43:59 
1234678-HpCDF 0.04 0.97 46:31 
1234789-HpCDF 0.01 0.94 48:55 
OCDF 0.04 0.96 54:18 

TOTAL TCDD 0.04 5 0.07 0.75 
TOTAL PeCDD 0.04 4 0.05 1.52 
TOTAL HxCDD 0.03 3 0.05 1.23 
TOTAL HpCDD 0.09 2 1.08 

TOTAL TCDF 7.1 14 0.74 
TOTAL PeCDF 1.2 15 1.2 1.53 
TOTAL HxCDF 0.28 7 0.31 1.19 
TOTAL HpCDF 0.08 4 1.01 

Reviewed By: J /?&) r/a/V X237.RPT 3.04, LARS Version 3.18.05 



TRIANGLE LABORATORIES, INC. Page 2 of 2
 
PCDD/PCDF 2378X ANALYSIS (a) OA/QC SUMMARY 05/02/91
 

FILE NAME : S912027 CLIENT : ACUREX TLI SAMPLE ID.: 42-149-3
 
CONCAL : S912020 SAMPLE ID : E03191000 MM5
 
ANALYST : LH ANALYSIS DATE: 04/26/91 PROJECT NUMBER: 17844
 
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: MM5 DATE RECEIVED.: 04/05/91
 
ICAL DATE : 03/05/91 SAMPLE ORIGIN: n/a DATE COLLECTED: / /
 
SPIKE FILE...: SPX23704 CLIENT PROJECT: NEW BEDF
 

ALTERNATE STANDARDS RECOVERY SUMMARY (TYPE A )
 

NAME AMT (ng ) X REC. RATIO RT FLAGS
 

13C12-HXCDF 789 4'.0 100 0.50 43:58 
13C12-HXCDF 234 4.8 119 0.50 42:47 

INTERNAL STANDARDS RECOVERY SUMMARY 

NAME AMT (ng ) REC. RATIO RT FLAGS 

13C12-2378-TCDF 
13C12-2378-TCDD 
13C12-PeCDF 123 
13C12-PeCDD 123 
13C12-HxCDF 678 
13C12-HXCDD 678 
13C12-HpCDF 678 
13C12-HpCDD 678 
13C12-OCDD 

3.4 
3.8 
4.1 
4.5 
3.8 
4.1 
3.8 
4.0 
6.0 

84.5 
94.8 

104 
111 
94.1 

102 
94.7 

100 
75.1 

0.75 
0.81 
1.49 
1.49 
0.50 
1.19 
0.45 
1.02 
0.87 

31:57 
32:44 
36:45 
38:10 
42:00 
43:06 
46:30 
48:09 
54:02 

Reviewed By: /__! X237_RPT 3.04, LARS Version 3.18.05 



FILE NAME :
 
CONCAL :
 
ANALYST :
 
SAMPLE SIZE..:
 
ICAL DATE.. .

SPIKE FILE...:
 

NAME
 

2378-TCDD
 
12378-PeCDD
 
123478-HxCDD
 
123678-HxCDD
 
123789-HxCDD
 
1234678-HpCDD
 
OCDD
 

2378-TCDF
 
12378-PeCDF
 
23478-PeCDF
 
123478-HxCDF
 
123678-HxCDF
 
234678-HxCDF
 
123789-HxCDF
 
1234678-HpCDF
 
1234789-HpCDF
 
OCDF
 

TOTAL TCDD
 
TOTAL PeCDD
 
TOTAL HxCDD
 
TOTAL HpCDD
 

TOTAL TCDF
 
TOTAL PeCDF
 
TOTAL HxCDF
 
TOTAL HpCDF
 

Reviewed By: ]
 

TRIANGLE LABORATORIES, INC. Page 1 of 2
 
PCDD/PCDF 2378X ANALYSIS (a) 05/02/91
 

S912028 CLIENT • ACUREX TLI SAMPLE ID.: 42-149-1
 
S9 12020 SAMPLE ID : E03211340 Mf •15
 
CP ANALYSIS DATE: 04/26/91 PROJECT NUMBER: 17844 

1.00 SAMPLE MATRIX: MM5 DATE RECEIVED.: 04/05/91 
. :03/05/91 SAMPLE ORIGIN: n/a DATE COLLECTED: / / 
SPX23704 CLIENT PROJECT: NEW BEDF 

AMT(ng ) NUMBER DL EMPC RATIO RT FLAGS 

0.01 0.83 32:45 
ND 0.01 
NO 0.01 
ND 0.008 
ND 0.01 
0.03 0.94 48:10 ~"~ 
0.11 0.96 54:04 D 

1.0 0.71 31:57 
0.13 1.74 36:45 
0.17 1.68 37:41 
0.14 1.13 41:50 
0.05 1.19 42:01 
0.08 1.21 42:47 

ND 0.008 
0.08 0.98 46:30 

EMPC 0.02 ^^̂ _ 

0.06 0.88 54:20 

0.03 2 0.07 0.85 
EMPC 0.02 
0.03 1 0.04 1.09 
0.07 2 1.03 

5.5 12 5.6 0.75 
1.6 11 1.7 1.62 
0.55 7 0.60 1.20 
0.09 1 0.15 0.98 

H>2> 47* /" I X237 RPT 3 .04, LARS Version 3.18.05
 



TRIANGLE LABORATORIES, INC. Page 2 of 2
 
PCDD/PCDF 2378X ANALYSIS (a) QA/QC SUMMARY 05/02/91
 

FILE NAME : S912028 CLIENT : ACUREX TLI SAMPLE ID.: 42-149-1
 
CONCAL : S912020 SAMPLE ID : E03211340 MM5
 
ANALYST : CP ANALYSIS DATE: 04/26/91 PROJECT NUMBER: 17844
 
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: MM5 DATE RECEIVED.: 04/05/91
 
ICAL DATE : 03/05/91 SAMPLE ORIGIN: n/a DATE COLLECTED: / /
 
SPIKE FILE...: SPX23704 CLIENT PROJECT: NEW BEDF
 

ALTERNATE STANDARDS RECOVERY SUMMARY (TYPE A )
 

NAME AMT (ng ) X REC. RATIO RT FLAGS 

13C12-HxCDF 789 3.5 87.9 0.50 43:57 
13C12-HXCDF 234 4.2 105 0.52 42:46 

INTERNAL STANDARDS RECOVERY SUMMARY
 

NAME AMT (ng ) X REC. RATIO RT FLAGS 

13C12-2378-TCDF 3.1 76.8 0.77 31:55 
13C12-2378-TCDD 3.2 80.0 0.79 32:44 
13C12•PeCDF 123 3.4 84.0 1.48 36:43 
13C12-PeCDD 123 3.6 89.1 1.61 38:09 
13C12-HxCDF 678 3.2 79.2 0.51 42:00 
13C12' -HxCDD 678 3.7 92.0 1.20 43:06 
13C12-HpCDF 678 3.1 77.6 0.45 46:29 
13C12-HpCDD 678 3.3 81.3 0.99 48:09 
13C12•OCDL 4.7 58.1 0.86 54:01 

Reviewed By: _£/£_/v_! X237_RPT 3.04, LARS Version 3.18.05
 



TRIANGLE LABORATORIES, INC. Page 1 of 2
 
PCDD/PCDF 2378X ANALYSIS (a) 05/02/91
 

FILE NAME : S912025 CLIENT : ACUREX TLI SAMPLE ID.: n/a
 
CONCAL : S912020 SAMPLE ID : TLI BLANK
 
ANALYST : LH ANALYSIS DATE: 04/26/91 PROJECT NUMBER: 17844
 
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: n/a DATE RECEIVED.: / /
 
ICAL DATE : 03/05/91 SAMPLE ORIGIN: n/a DATE COLLECTED: / /
 
SPIKE FILE...: SPX23704
 

NAME
 

2378-TCDD
 
12378-PeCDD
 
123478-HxCDD
 
123678-HxCDD
 
123789-HxCDD
 
-,234578-HpCDD
 
OCDD
 

2378-TCDF
 
12378-PeCDF
 
23478-PeCDF
 
123478-HxCDF
 
123678-HxCDF
 
234678-HxCDF
 
123789-HxCDF
 
1234678-HpCDF
 
1234789-HpCDF
 
OCDF
 

TOTAL TCDD
 
TOTAL PeCDD
 
TOTAL HxCDD
 
TOTAL HpCDD
 

TOTAL TCDF
 
TOTAL PeCDF
 
TOTAL HxCDF
 
TOTAL HpCDF
 

Reviewed By:
 

AMT(ng ) NUMBER
 

ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
EMPC 

ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 

ND
 
ND
 
ND
 
ND
 

ND
 
ND
 
ND
 
ND
 

CLIENT PROJECT: n/a 

DL EMPC RATIO RT FLAGS 

0.02 
0.03 
0.03 
0.02 
0.03 
0.04 

0.16 

0.01 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.02 
0.03 
0.07 

0.02 
0.03 
0.03 
0.04 

0.01 
0.02 
0.02 
0.02 

II/2_/l/.! X237_RPT 3.04, LARS Version 3.18.05
 



TRIANGLE LABORATORIES, INC. Page 2 of 2
 
PCDD/PCDF 2378X ANALYSIS (a) QA/QC SUMMARY 05/02/91
 

FILE NAME : S912025 CLIENT : ACUREX
 
CONCAL : S912020 SAMPLE ID : TLI BLANK
 
ANALYST : LH ANALYSIS DATE: 04/26/91
 
SAMPLE SIZE..: 1.00 SAMPLE MATRIX: n/a
 
ICAL DATE : 03/05/91 SAMPLE ORIGIN: n/a
 
SPIKE FILE...: SPX23704
 

ALTERNATE STANDARDS RECOVERY SUMMARY .(TYPE A )
 

NAME AMT (ng ) X REC. RATIO 

13C12-HxCDF 789 3.0 76.1 0.52 
13C12-HxCDF 234 3.9 97.5 0.51 

INTERNAL STANDARDS RECOVERY SUMMARY
 

NAME AMT (ng ) X REC. RATIO 

13C12- 2378-TCDF 2.1 52.0 0.80 
13C12- •2378-TCDD 2.1 51.3 0.82 
13C12- PeCDF 123 2.4 61.2 1.51 
13C12- •PeCDD 123 3.5 86.9 1.67 
13C12- HxCDF 678 3.1 77.8 0.51 
13C12- •HxCDD 678 3.7 93.6 1.20 
13C12- •HpCDF 678 3.2 79.7 0.45 
13C12- •HpCDD 678 3.2 81.1 1.01 
13C12- •OCDD 4.3 54.1 0.85 

Reviewed By: L\ X237_RPT

TLI SAMPLE ID.: n/a
 

PROJECT NUMBER: 17844
 
DATE RECEIVED.: / /
 
DATE COLLECTED: / /
 
CLIENT PROJECT: n/a
 

RT FLAGS
 

43:59 
42:48 

RT FLAGS 

31:57 
32:45 
36:45 
38:10 
42:01 
43:07 
46:31 
48:10 
54:03 

 3.04, LARS Version 3.18.05 



APPENDIX C-6
 

METHOD 0030 (VOST) ANALYSES
 

C-6-1
 



c/o ENVIRONMENTAL MONITORING & SUPPORT LABORATORY TAJ U.S. ENVIRONMENTAL PROTECTION AGENCY 
MC 26 WEST MARTIN LUTHER KING DRIVE, CINCINNATI, OHIO 45219 if TFrriKlol 

513-569-7415 

DATE: J^y 15, 1991
 

TO: Harta Richards, RREL
 

FROM: Peter Kauffman, EMSL/TAI Acting Lab Manager
 

SUBJECT: VC/ST Tube Analysis for Volatile Compounds
 

Attached, please find results of volatile analysis for 12 YOST tubes
 
received by EMSL Analytical on March 26, 1991. It was noted while trying
 
to run these samples that all tubes contained a dense liquid material
 
which had to be forced from the tube with purging gas prior to sample
 
purge aivd trapping. In several instances the liquid could not be expelled
 
from the tube and no result could be obtained.
 

If you have any questions on these data, please contact Ballard Mull ins at
 
extension 4054 or me at extension 7564.
 



•WWARY REPORT Of GC-KS FOR VOLATILE COKPOUKBS
 

CONTRACTOR: TA! ANALYST: BHH
 
REQUESTOR: RICHARDS MTE REPORT: 06/24/91
 
MTE RECEIVED: 3/26/91 METHOD: SK-846: 18240
 
HATRII: NATER TOTAL PA6E REPORT: 3
 
CHECKED BY: APPROVED BY:
 
DISC: ec/ns VOA t> FILE: HR31591
 

VOLATILE COtfOUNDS Concentration at no
 

LAB ID 9M1903 91-01904 91-01905 91-01904 91-01907 91-01908 91-01909 91-01910
 
SAKPLE ID E0315 E0315 E031S E0315 E0319 E0319 E0319 80319
 

1245V 1246V 1314V 1341V 1051V 1118V 1143V 1144V K
 
NEK BED. NEK BED. NEK KD. NEV BCD. CV BED. NEK BEO. NEK BCD. NEV BED.
 
HARBOR HARBOR HARBOR HARBOR HARBOR HARBOR HARBOR HARBOR
 

DATE SMPLINB 03/15/91 03/15/91 03/15/91 03/15/91 43/19/21 03/19/21 03/19/21 03/19/21
 
DATE RECEIVED 03/24/91 03/26/91 03/26/91 03/26/91 03/26/91 03/26/91 03/26/91 03/26/91
 
DATE ANALYZED 05/17/90 05/17/90 05/20/91 05/20/91 05/20/91 06/03/91 06/03/91 06/03/91
 

Ac»ton»-B 331 t 179 ND KD ND tst tt 8.00
 
B*n:ene~B ND 35.0 KD ID 42.0 ttt tt 289
 
iroiOdichlorc*ethjr,E-B ND ND ND NO ND ttt tt ND
 
Irotofort-B ND ND ND NO NO ttt tt 13.0
 
2-Butanone-£ 89.3 108 ND NO ND Ht tt ND
 
Carbon Disulfids-B 33.7 299 t ND ND 12.6 tit tt ND
 
Carbon Tetrubloridt-B ND ND ND «D ND ttt tt KD
 
ChJorobenzwr-B 6.05 15.0 < 5 11? 82.1 ttt tt KD
 
2-Chloroethylvinvlether-B ND ND ND NO ND ttt tt ND
 
Chlorofort-B 15.5 ND ND ND ND ttt tt NO
 
DibroMchloroMthine-B ND ND ND ND ND ttt tt NO
 
1,1-Oithloroethane-B ND ND ND NO ND ttt tt ND
 
1,2-Oichloroethine-B NO ND NO ND ND ttt tt ND
 
Ll-Bichlorofthene-B 53.3 KD KB ND ND ttt tt KD
 
Trans-1 ,2-Dichl oroethene-B HO ND ND ND KD ttt tt KB
 
1,2-Dichloropropane-B n ND NO ND NO ttt tt U
 
cii-l,3-DichloroproBen»-B ND ND NO ND ND ttt tt n
 
Trani-l,3-Dichlorcpropenf-B ND ND NO » MS ttt tt KD
 
Ethylbeniwe-B ND ND NO ND ND ttt tt KD
 
2-Heianone-B ND ND NO ND ND ttt tt XD
 
4-R«thvl-2-Pentanone-B ND ND NO ND ND ttt tt ND
 
Bfthylfne Chloride-B 15900 I 2870 I 102 1548 t KD ttt tt ND
 
Stvrene-B ND 125 130 48.7 319 t ttt tt 316 t
 
1.1,2,2-TetrichlDroethane-B ND ND NO ND ND ttt tt KD
 
Mrjchloroethene-8 ND ND ND NO ND ttt tt HD
 
Toluene-B 36.3 23.9 29.0 25.3 89.2 ttt tt 26.0
 
1,1.1-Trichloroetnine-B ND ND ND ND ND Itt tt «
 
l,l,2-TrichIoroeth»r,e-B NO NO NO ND ND ttt tt KD
 
Trichloroethene-B 5.40 ND NO U ND ttt tt ND
 
Vinrl Acetitt-B ND ND ND ND ND ttt tt ND
 
Ivlenes (Total )-B n ND NO n NO ttt tt ND
 

t - RESULT IS OUTSIDE OF UPPER LIH1T OF STD CURVE. SHOULD BE CONSIDERED
 
AS AK ESTIKATE
 

tt - NO RESULTS COULD BE OBTAINED BECAUSE SAHPLE KAS BROIIN.
 

Itt - TUBE KAS HEAVILY CLOBSED KITH THICK LIQUID BATERIAL. PUREE 6AS COULD HOT
 
BE FORCED THROUGH THE TUBE. NO RESULTS COULD BE OBTAINED FOR THIS SA«PLE.
 



SUMMARY REPORT OF 6C-KS FOR YOUTHS COMPOUNDS
 

CONTRACTOR: TAI
 
REQUESTOR: RICHARDS
 
DATE RECEIVED: 3/26/91
 
MATRIX: WER
 
CHECKED §Y:
 
DISC: GC/XS YOA 6
 

VOLATILE COMPOUNDS
 

Ul ID
 
SAMPLE ID
 

DATE SAMPLING
 
DATE RECEIVED
 
DATE ANALYZED
 

Acetont-B
 
Benzine-!
 
Broiodichloroiethane-B
 
Broiofori-B
 
2-Butanone-B
 
Ctrbon Disulfide-fl
 
Cirbon Tetrichloride-B
 
Chlorobenrene-B
 
2-ChlorMthyhinylether-B
 
Chlorofori-B
 
Dibrotochloroiethane-B
 
1,1-Dicliloroetnant-B
 
1,2-Dichloroethine-B
 
1,1-Oichloroethene-B
 
Trans-1 ,2-Dichloroethene-B
 
1,2-Dichloropropane-B
 
cis-1,3-0ich]oropropene-fl
 
Trans-1 ,3-Dkh!oropropene-B
 
Ethylbenzene-B
 
2-Hexinone-B
 
4H(ethy]-2-Pentanone-fl
 
Nethyline Chlonde-8
 
Styrene-B
 
1,1,2,2-Tetrachloroetnane-B
 
Tetrachloroethene-B
 
Toluene-B
 
1,1,1-Trichloroethane-B
 
1,1,2-Tnchloroethane-B
 
Tnchloroethene-B
 
Vinyl Acetate-B
 
lylenes (Total )-fl
 

ANALYST: BXK
 
DATE REPORT: 08/24/91
 
METHOD: SI-S46; 18240
 
TOTAL PAGE REPORT: 3
 
APPROVED BY: P/i
 
FILE: MR31591
 

Concintrition is ng
 

sunn
 
E0321
 
1417V
 

KEI BED.
 
HARBOR
 
03/21/91
 
03/26/91
 
06/03/91
 

21.1
 
191
 
NO
 

26.4
 
9.00
 
13.0
 
6.73
 
KD
 
ND
 
14.4
 
ND
 
NO
 
ID
 

5.53
 
ND
 
ND
 
ND
 
ND
 
ND
 
NO
 
ND
 

£21 t
 
175
 
NO
 
ND
 
13.5
 
ND
 
ND
 
ND
 
ND
 
ND
 

91-01912
 
E0321
 
1443V
 

NEV BED.
 
HARBOR
 
03/21/91
 
03/26/91
 
06/03/91
 

m
 
m
 
m
 
tit
 
sss
 
m
 
sss
 
m
 
tss
 
(M
 

in
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 

91-01913
 
E032!
 
1512Y
 

NEV BED.
 
HARBOR
 
03/21/31
 
03/26/91
 
06/03/91
 

sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 
sss
 

J1-01J14 UB
 
E0321 BLANK
 
1514V
 

IE* BED.
 
HARBOR
 
03/21/91 05/17/91
 
03/26/91
 
06/03/91 05/17/91
 

sss 16. B 
sss 92.0 
sss ND 
sss NO 
sss NO 
sss ND 
sss ND 
sss . NO 
sss ND 
sss ND 
sss ND 
sss ND 
sss HO 
sss NO 
sss ND 
sss ND 
sss ND 
sss NO 
sss ND 
sss KD 
sss ND 
sss 10.7 
sss NC 
sss ND 
sss. ND 
sss 11.3 
sss ND 
sss ND 
sss KD 
sss ND 
sss ND • 

LAB
 
BLANK
 

05/20/91
 

05/20/91
 

127
 
211 *
 
ND
 
ND
 
371 »
 
10.5
 
NO
 

6.23
 
ND
 
ND
 
NO
 
NO
 
NO
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
ND
 
112
 

41.1
 
ND
 
NO
 
11.4
 
NO
 
HO
 
ID
 
ND
 
ND
 

LAI
 
BLAIK
 

06/03/91
 

06/03/91
 

12.9
 
51.0
 
ND
 
ND
 
11.7
 
ID
 
ND
 
ND
 
ND
 
NO
 
NO
 
ID
 
ID
 
ID
 
ID
 
ID
 
ND
 
ND
 
ID
 
ND
 
ND
 
14.2
 
ND
 
ND
 
NO
 
12.2
 
NO
 
ID
 
ND
 
ND
 
ND
 

* - RESULT IS OUTSIDE OF UPPER LIMIT OF STD CURVE. SHOULD BE CONSIDERED
 
AS AN ESTIMATE
 

ss . NO RESULTS COULD BE OBTAINED BECAUSE SAMPLE US BROKEN.
 

*** - TUBE MS HEAVILY CLOGGED IITH THICK LIQUID MATERIAL. PURGE GAS COULD NOT
 
BE FORCED THROUGH THE TUBE. NO RESULTS COULD BE OBTAINED FOR THIS SAMPLE.
 



SUMMARY REPORT Of DC-MS FOft VOLATILE COMPOUNDS
 

CONTRACTOR: TAJ

REQUESTOR: RICHARDS

DATE RECEIVED: 03/28/11

MATRIX: MATER

CHECKED BY: £>{̂
DISC: GC/M3 VOA 6

 ANALYST: BHM 

 DATE REPORT: 06/24/81 

 METHOD: SW-846; 18240 

 TOTAL PAOE REPORT: 1 

 APPROVED BY: 
 FILE: MRS315I1 

P»rc*nt R»cov»ry of Surroyat* 

OC L1«1t 

SAMPLE I.D. 

ANALYSIS

DATE

 1,1-Dlchlo- To1u«n*-d8

 ro«th«n*»-d4 

(76-114) (M-110)

 BFB 

 (86-119) 

LAB BLANK 

LAB BLANK 

LAB BLANK 

E03151245V, 91-01903 

E031S1246V, 91-01904 

E03151314V, 91-01905 

E03151341V, 91-01906 

E031910S1V, 91-01*07 

003191144V BK, 91-01910 

E03211417V, 91-01911 

05/1 7/«1 

05/20/B1 

06/03/81 

05/17/81 

05/17/91 

05/20/81 

05/20/91 

05/20/91 

06/03/91 

06/03/81 

87.5 

82.0 

87.4 

81.8 

100 

81.9 

86.3 

86.3 

85.7 

87.3 

88.8 

88.4 

102 
108 

104 

88.7 

102 

M.4 

112 

128 

83.3 
102 
86.1 

85.1 

108 
102 

105 

107 
101 

85.1 



APPENDIX C-7
 

FLUE GAS CHLORIDE TRAIN ANALYSES
 

C-7-1
 



Project: New Bedford Harbor Page 1 of 2
 
Report Member: NBH-1
 
Revision: 0
 

U.S. E.P.A I.R.F Laboratory
 

Particulate/HCl Train Chloride Report
 
By Ion-Selective Electrode
 

Sample ID Nunber E03151133 E03151133 E03151133 S03151133 S03151133 S03151133
 
IHPINGER 1 IHPINGER 2 IHPINGER 3 IHPINGER 1 IHPINGER 2 IHPINGER 3
 

Collection Date 3/15/91 3/15/91 3/15/91 3/15/91 3/15/91 3/15/91
 

Analysis Date 9/05/91 9/05/91 9/05/91 9/05/91 9/05/91 9/05/91
 

Total Chloride (mg) 0.57 <0.17 <0.14 <0.25 <0.16 <0.13
 

Sample ID Nunber E03191051 E03191051 E03191051 503191051 503191051 503191051
 
IHPINGER 1 IHPINGER 2 IHPINGER 3 IHPINGER 1 IHPINGER 2 IHPINGER 3
 

Collection Date 03/19/91 03/19/91 03/19/91 03/19/91 03/19/91 03/19/91
 

Analysis Date 9/05/91 9/05/91 9/05/91 9/05/91 9/05/91 9/05/91
 

Total Chloride (mg) 6.76 0.14 0.11 17.63 0.22 0.15
 

Sample ID Number E03211405 E03211405 E03211405 S03211405 503211405 503211405
 
IHPINGER 1 IHPINGER 2 IHPINGER 3 IHPINGER 1 IHPINGER 2 IHPINGER 3
 

Collection Date 03/21/91 03/21/91 03/21/91 03/21/91 03/21/91 03/21/91
 

Analysis Date 9/05/91 9/05/91 9/05/91 9/05/91 9/05/91 9/05/91
 

Total Chloride (mg) 0.96 0.84 0.25 23.69 0.33 <0.19
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ISOKINE7IC RESULTS	 CALCULATED RESULTS FOR SAMPLE I — E03151125PCB 
Plant: IRF Updated 3-23-91 Perforaed by: ED HILL fff 
Date: 3-15-91 Printed 04/04/91 Test No. /Type: E03151125PCB Isokineticity X I = 98.6 
Saspls Location: SOBER EXIT Start/Stop Tine: 1125-1408 Metered Saaple Gas Volute (scf) Vd std) = 125.00 

(sec)	 Vd std) 3.540 = 
PARAMETER SYMBOL VALUE Stack Bas Flow, std cond. (dscfi) 8(s) = 1197 

(calc.) std cond. (dsca/Bin)Q(s) = 33.9 
Nozzle Diameter, Actual (in) N(d) 0.365 actual (acfi) Q(a) s 1569 
Pitot Tube Correction Factor C(p) O.B4 actual (aci/iin) Q(a) s 44.4 
Gas Iteter Correction Factor (alpha) 1.01 Particulate Loading, dry (gr/dscf) C(s std) s 0.0000 
Stack (Duct) Dimensions (in): i 71 02(gr/dscf) C(s std) s 0.0000 

Radius (if round! R 7	 « 72 02 !iQ /risen) C(s std) = 0 
Length (i* rectangular) L	 Particulate Esission Rate (Ib/hr) E(p) = 0.000 

_ iWidth (if rectangular) y (kg/hr) E(p) = 0.000 
Area of Stack (sq ft) A(s) (1.06901 ) 

Stack Gas Hater Vapor Proportion B(HO) = 0.153 
i of Sanple Points 1 13 Molecular Height of Stack Bas, Dry H(d) 29.56 = 

Total Sampling Time (mm) (teeta) ( 156.00 ) Net M(s) = 27.79 
Baroaetric Pressure (in Hgi P(b) 30.19 Stack Pressure, absolute (in Hg) P(s) = 29. 82 
Stack Pressure (in H20) P (stack) -5 Average Stack Velocity (ft/sec) V t  s avg) s 24.5 
Bas rteter Initial Reading (cu ft! 3B6.B15 
Bas Meter Final Reading (cu ft) 518.946 
Net Bas Sample V'slaae (cu f t ) V(a) ( 132.13 ) 

Vol of Liquid Collscted (al) VI (c) 481.24 
Vol sf Liq I Std. Conds. (scf) V ( w std) ( 22.652 ) 
Wt. of Filter Particulate (ga) 0 
Kt. of Frcbe Was!-, ^articulate (51.) 0 
Wt of Coabined Farticulsts (oa) M ( p ) ( 0.0000 ) 

02 Concentration (by CEM) : s.6 
C02 Concentration (by CEM) : 7.6 
CO Concentration (by CEK) I 0 
N2 Concentration (by d i f f . ) S ( 83.90 ) 

Sasple dClock Velocity Orifice Stack Gas Heter SQRT(dP) FIELD DATA AVERAGES FOR SAMPLE # E03151125PCB 
Point Tioe Head, dP Keter,dH Teop Temp IdegF) 

(niin) (in K20) (in H2C) (deaF) in out Velocity Head ('*) dP(avg) = 0.165 

4 1
1 C.17 2.9E 124 103 76 0.4123 Orifice Meter Reading ("we) dH(avg) = 2.B33 l±
 

•>	 )7
 0.17 2.99 123 111 80 0.4123
 
3	 i: 0.16 2.8 124 122 92 0.4000 Stack Temperature (deg F) T(s avg) = 124.0 

P4 i«. 0.16 2.8 124 124 95 0.4000 (deg C) T(s avg) = 51.1 
5 ix. 2.95 125 127 0.4123 1*> 0.17 101 
6 12 0.16 2.8 124 123 103 0.4000 Meter Temperature (deg F) Tli avg) = 112.5 
7 12 0.17 2.98 124 130 105 0.4123 (deg C) T(a avg) = 44.7 
8 12 0.16 2.8 125 130 106 0.4000 
1 1*? 0.17 2.98 124 132 105 0.4123 Root-Mean-Square dP Cue) SQRT(dP) = 0.406 
2 12 0.17 2.98 124 131 106 0.4123 
3 12 0.16 2.8 124 132 107 0.4000 
4 1^ 0.16 123 108 *, 2.8 132 0.4000
 

• ̂*̂ 
 5	 12 0.16 *̂*Ro 124 lw^ 108 0.4000
 

n 44
 TOTALS iî 6 37.4800 1612.0 1634.0 1292.0 5.2739
 >. It
 



1SKINET1C RESULTS CALCULATED RESULTS FDR SAMPLE I— E03191000PCB
 
Plant: IRF Updated 3-2S-91 Perfoned by: ED HILL £*,'/ 

sDate: 03-19-91 Printed 04/04/91 Test No. /Type: E03191000PCB Isokineticity •L I ) ' 
Sacple Location: SOJBBER EXIT Start/Stop Ti«e : 1000-1300 Metered Saaple Gas Voluae (scf) V(a std) s 13STT7 

s(see) V(i std) 3.879 
=PARAMETER SYMBOL VALUE Stack Eas FlQM i std cond. (dscfa) Q(s) 1163 

(calc.) std cond. (dscB/ain)Q(s) = 32.9 
Nozzle Diameter, Actual (in) N(d) 0.365 actual (acfi) Q(a) s 1603 
Pitot Tube Correction Factor C(p) 0. 84 actual (aci/nin) Q(a) s 45.4 
6as Meter Correction Factor (alpha) 1. 01 Particulate Loading, dry (gr/dscf) C(s std) s 0.0000 
Stack (Duct) Diaensions (in): 171 02 (gr/dscf) C(s std) s 0.0000 

Radius (if round) R 7 e 72 02(ag/dsoi) C(s std) - 0 
Length (if rectangular) L Particulate Emission Rate (Ib/hr) E(p) 0.000 s 

Width (if rectangular) H (kg/hr) E(p) s 0.000 
A / \ a ftAOft1vi  \Ares of Stack (sq ft) . UQ7 I 

Stack Bas Hater Vapor Proportion B(MO) - 0.178 
* of Saaple Points t 16 Molecular Height of Stack Bas, Dry Hid) = 29.61 
Total Sampling Time fain) (theta) ( 172. 00 ) Net His) s 27.54 
Barosetric Pressure (in Hg) P(b) 30. 09 Stack Pressure? absolute (in Hg) P(s) s 29.72 
stack Pressure (in K20) P(stack5 -5 Average Stack Velocity (ft/sec) V(s avg) s 25.0 
Sas deter Initial Reading (:u ft) 520.021 
Bas Mater Final Reading (cu ft) 665.623 
Net Bas Sample Volume (cu ft) ( 145.60 ) 

Vol of Liquid Ccllsrted (•!) VI(c) 631.68
 
Vol of Liq * Std. Conds. (scf) V'.K std)( 29.733 )
 
Wt. of Filter Particaiats (ga) 0
 
Wt. of Probe Wash Particulars (aa) 0
 
Ht of Coabined Particulste (aa) fl(p) ( 0.0000 )
 

02 Concentration !by CEii: I 7.8
 
CQ2 Concentration (by CEM) Z 8.1
 
CD Concentration (by CEM) I 0
 
N2 Concentration (by diff.) 2 ( 84.10 )
 

Saiule dCiock Velocity Orifice Stack SaS Meter SQRT(dP) FIELD DATA AVERAEE3 FOR SAMPLE I E03191000PCB 
Point Tiae H=2d, dP Meter, dH Tesp Temp (degF) 

(rain) (in H2Q) (in H2Q) (degF) in out Velocity Head CMC) dP(avg) = 0.167 

1 11 0.17 2.72 134 95 74 0.4123 Orifice Meter Reading Cwc) dH(avg) = 2.670 
2 11 0.17 2.72 133 111 79 0.4123 
3 11 0.16 2.56 134 123 89 0.4000 Stack Temperature (deg F) T(s avg) = 133.9 
4 11 0.17 2.72 134 127 94 0.4123 (deg C) T(s avg)= 56.6 
5 11 0.16 2.56 134 127 98 0.4000 
6 11 0.17 2.72 135 128 100 0.4123 Meter Teoperature (deg F) T(« avg) = 113.6 
7 11 0.17 2.72 134 130 103 0.4123 (deg C) T(a avg) = 45.3 
8 11 0.17 2.72 133 131 104 0.4123 
1 11 0.16 2.56 135. 132 104 0.4000 Root-Wean-Square dP Cwc) SQRT(dP) = 0.40B 
2 11 0.17 2.72 134 133 106 0.4123 
T 11 0.16 2.56 134 133 107 0.4000 «4 

4 11 0.16 2.56 134 132 107 0.4000
 
5 11 0.17 2.72 134 133 107 0.4123
 
t 11 0.17 2.72 134 134 108 0.4123
 
7 11 0.17 2.72 133 134 109 0.4123
 
8 7 0.17 2.72 134 134 109 0.4123 

«^*^TOTALS i.-- 2.67 42.7200 2143.0 2037.0 1598.0 6.5354 

http:i.--2.67


IEME7IC REE'JLTS CALCULATED RESULTS FOR SAMPLE I err u 

Plant: IRF Updated 03-2S-?! Performed by: ED HILL £/t''f/ 
Date: 03-21-91 Printed 04/OV91 Test No. /Type: E03211340PC3 Isokineticity I I 102.2 
Sample Location: SCUEEEF. EXIT Start/Stop Time: 1340-1632 Metered Sample Gas Voluae (scf) Via std) = 123.80 

(sea) V(n std) = 3.506 
PARAMETER SYMBOL VALUE Stack Gas Flow, std cond. (dscfn! Q(s) li)80 

(calc.) std cond. (dsct/minlDfs! = 30.6 
Nozzle Disaster, Actual (in) N(d) 0.365 actual (acfo) Q(al = 1697 
Pitot Tube Correction Factor C(p) 0.84 actual (acn/ain) Q(a) = 48.0 
Gas Meter Correction Factor (alpha) 1.01 Particulate Loading, dry (gr/dscf) C(s std) = 0.0000 
Stack (Duct) Dimensions (in): iTL 02(gr/dscf) C(s std) = 0.0000 

Radius (if round) R 7 8 TL 02(ag/dscs) C(s std) = 0 
Length (if rectangular) L Particulate Emission Rate (Ib/hr) E(p) = O.DOO 
Width (if rectangular) 

Area of Stack (sq ft) 
W 
4(e5H'5- M fiAPm i 

(kg/hr) Elp) = 0. 000 

Stack Gas Water Vapor Proportion B(wo) = 0.266 
t of Sample Paints t 15 Molecular Weight of Stack Gas, Dry M(d) = 29.55 
Total Sampling TIEB (rain) (theta! ( 165.00 ) Net M(s) 26. 4S 
Bsroastn: Prsssure (:n Hg) P(b) 29.33 Stack Pressure, absolute (in Hg) Pis) = 29.51 
£ta:i. Pressure »:n K2Q) P. stack) _C 

w Average Stack Velocity (ft/sec) V(s avg) = 26.5 
Sas Mete* Initial Reading (cu ft! 667.116 
Gas Meter Final Reacing (cu ft! 801.371 
Net Sas Saasls Volume (cu ft) V.») ( 134.26 ) 

Vol of Licuid Csllsctcd (si) Vl(;) 953.13 
Vol of Liq S S:d. Ccnds. (scf) V(w std! ( 44.264 ) 
Wt. of Filter reticulate (am) 0 
n't. sf ?-cbe Ksr Paniculate (g.t! 
Wt of Cc.:a:r£i -articulate (gin) n(p)

0 
( o.oooo > 

C2 :on:=ntrati=n (by CEM' I 8.33 
CD: Concc-ti-stior, (b> CEM! I 7.62 
CD Co-.CEntration '.by CEK) 1 0 
NT Ccncsntriti^n (by diff.) 2 ( 84.C5 ) 

Saiple dClcck Velocity Or i f ice Stack Gas Meter SQRT(dP) FIELD DATA AVERAGES FOR SAMPLE I EC3211340FCB 
Point Tims Head. dP Meter, dH Tenc Teisp (deaF) 

(o:n) (in ICO! (in H2C) (deoFi in out Velocity Head Cue) dP(avg) = 0.177 

1 11 C.1S " CO
^« uu 140 91 88 0.4243 Orifice Meter Reading ("we) dH(avg) = 2.S27 

^ 

^ 
11 0.17 2.72 140 123 92 0.4123 

3 
4 

11 
11 

0.1S 
0.18 

2.ES 
^.?  uu cc 

141 
141 

132 
136 

99 
105 

0.4243 
0.4243 

Stack Temperature (deg F) 
(dec, 0 

Tls avg) =
T(s avg) r

 140.3 
 60.1 

5 11 0.17 n 7"? 140 138 110 0.4123 
6 11 0.18 2.83 1*0 140 113 0.4243 Meter Temperature Idea F) T(m avg) = 121.3 
7 
S 

11 
11 

0.16 
o.ie 

2.38 
2.B3 

140 
140 

140 
140 

114 
116 

0.4243 
0.4243 

(deg 0 T(ff i avg) = 49.6 

i 
•j 

1 1
i * 

11 
0.17 
0.18 

2.72 
2.83 

140 
141 

142 
141 

115 
115 

0.4123 
0.4243 

Root-Mean-Square dP CMC) SSRT(dP) = 0,420 

3 11 o.is 2.B8 141 137 117 0.4243 
t, 11 0.18 i qo 140 134 115 0.4243 
5 11 0.17 2.72 140 135 116 0.4123 
& 11 CMS 2.8B 140 134 115 0.4243 
7 12 0.17 '.7" 140 132 115 0.4123 
0 0 0 0 0 0 0 0.0000 

_»___ 

0 

TOTALS ^ i"4t*w 2. £5 42.4000 2104.0 1995.0 1645.0 6.3042 



___ 

ISOKINETIC RESULTS CH.OLATED RESULTS FOR SA«PL£ t — EC3:51125S15DIOX 
Plant: IRF Updated 3-2B-91 Performed by: ED HILL g# '</ 
Date: :03-15-91 Printed 04/04/91 Test No. /Type: E03151125HH5DIOX Isokineticity 1 I s lot.J/ 

Sacple Location: SOJBBER EXIT Start/Stop Ti«e: 1125-1408 Hetered Saaple Gas Voluae (scf) V'.a std) s 131.62 
(SCffl) Vd std) 3.727 s 

PftKAIETER SYMBOL VALUE Stack Sas Flow, std cond. (dscfa) Q(s) s 1202 
(calc.) std cond. (dsu/Bin)Q(s) 34.0 

Nozzle Biaaeter, Actual (in) N(d) 0.36S actual (acfi) Q(a) s 1567 
Pitot Tube Correction Factor CCp) 0.84 actual (aca/ain) S(a) a 44.4 
Bts Meter Correction Factor (alpha) 1 Particul ate Loadingi dry (gr/dscf) C(s std) = 0.0000 
Stack (Duct) Dimensions ( in): e 71 D2(gr/dscf) C(s std) - O.OCOO 

Radius (if round) R • 7 • 72 Q2(ag/dscn) C(s std) s 0 
Length (if rectangular) L Participate Emission Rate (Ib/hr) E(?) s 0.000 
Width (if rectangular) U 1 (kg/hr) E(a) s 0.000 

Area of Stack (ss ft) 
Stack Sas Uater Vapor Proportion B(wo. z 0.145 

t of Ssxsle Points * •: teiKular Seiant of ct act:' i3as, Dry ltd: = 29.5= 
Total Snssling Time Jain! (theta; •: 15c.?v .: '*'=: .1:=: s *? TT 

Barosstric Pressure (in Hg'- ?(b) Stack Pr6S3U,"E, - ,:E (;r U^; "!£.* a ^i c^ 
?f el-*lr*' _T Staci: Pressure (in H20; T \5»Ai»K.i / •. S ivs, r"" - -

Sas fetsr Initial Seadir.; !c> f t ) 
E2£ Meter Fir.ai Reici.ng in ".) 
Net Sas 3aa?ie Vcl-se ic1- f t ) V?s) 

u-i ,1 i ;.,.;w r.l 1.-4..J .'.<•. 
VC. M[ :..*.*•••. M*i»c~.£u ***** 

II.« -vf ' • • - « HJ r—Hr 's-*' 
»•*• *•• •AW, £ W V M . MwuwS. .3^ I / 

St. :- ri:ts- Fsrticulr.s -'91) 
St. :f :-=:e KSS}. :irt::^l£:= '.is' 

cc: c 

. i»1C " •.sr.:ret:=r. !sy :;•?* ;3 

£5:; I ill^k !Vel=::ty :.-:fice S:S:K iis ,".s:e.- KF.TidP) FIELD DATA AVERAGES FOR SAMPLE 1 -  î Mt  th Lv%.>4M*  M


?3:r,: : ":-= ;v.esd, i° v=te".:H ~sss Teso iaegFi 
>„:-: Kir, -12': ;-.-> ss: (CESF', in out Velocity Head Cue) dP(avQ) = 0.165 

• 12 ! 0.17 2.98 124 103 76 0.4123 Orifice Meter Reading CMC) dH(avg) = 2.SS3 
•? 12 ,' 0.17 2.93 123 111 60 0.4123 
3 12 ! 0.16 • o 124 122 92 0.4000 Stack Tesperature (deg F) T(s svg) = 124.0 *k. W 

4 12 ! 0.16 2.3 124 124 95 0.4000 (deg C) T'.s avg) = 51.1 
5 12 ! 0.17 2.93 125 127 101 0.4123 
6 12 ! 0.16 2.B 124 123 103 0.4000 feter Temperature (deg F) T(a avg) = 112.5 
7 12 ! 0.17 2.9S 124 130 105 0.4123 (deg C) T(B avg) = 44.7 
S 12 ! 0.16 2.8 125 130 106 C.4000 
1 12 : 0.17 2.9B 124 132 105 0.4123 Root-Mean-Square dP CMC) SQRT(dP) = 0.406 
2 12 ; 0.17 2.9B 124 131 106 0.4123 
3 12 ! 0.16 2.S 124 132 107 0.4000 
t 12 ! 0.16 2.S 123 132 108 0.4000 

• s12 ! 0.16 124 132 108 0.4000 -

1 
1 

•.»>»»»»«• 
_ • 

_—_ ] —. 

; 

= 
TOTALS 156 ! 2.14 37.4800 1612.0 1634.0 1292.0 5.2739 
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ISOKIfETIC RESULTS um--n_n i ii/ r\L.iui.:i run 3HTITLE t CVwivlwvyi U 

Plant: Iff L-sdated 03-3-91 Performed by: ED HILL Efl, d 
Cats: 03-19-91 Printed 04/04/91 Test No. /Type: E03191000DIO Isokineticity Z I = 100.9 
Saaple Locator.: SC'JBE'ER EXIT Start/Stop Time: 1000-1300 Metered Sample Gas Voluie (scf) V(n std) = 141.14 

(sen) Via std!= 3.997 
PARAMETER SYMBOL VALUE Stack Sas Flow, std cond. (dscfn) Q(s) = 1173 

(calc.) std cond. (dsci/minJCis) = J3.4 
Nozrle Diaaeter, Actual (in) N(d) 0.368 actual (acfo) Q(a) = 1591 
Pitot Tube Correction Factor C(p) 0.84 actual (aco/ein) Q(a) = 45.1 
Bas Meter Correction Factor (alpha) 1 Particulate Loading, dry (gr/dscf) Cts std) = 0.0000 
Stack (Duct) Dimensions (in): 8 72 02 (gr/dscf) Cts std) = 0.0000 

Radius (if round) R 7 6 7Z 02(i»g/dsca) Cts std)= 0 
Length (if rectangular) L Particulate Emission Rate (Ib/hr) E(p) = 0.000 
Width (if rectangular) U (kg/hr) Etp) 0.000 

d f c \ /I t\f-QC\i \Area of Stack (sq ft) 
Stack Gas Water Vapor Proportion B!wo) = 0.161 

I of 3ar.ple Points t 16 Molecular Weight of Stack: Bas, Dry M!d) 29.61 
Total Sampling Tims (ir.in) (theta) ( 172.00 ) Wet Bis) 27.74 
Baro&etric Pressure (in Hg} P(b! 30.09 Stack Pressure, absolute (in Hg) P(s) = 29.72 
Stack Pressure (in HID) P( stack) -5 Average Stack Velocity (ft/sec) Vis avg) = 24.8 
Sas Meter Initial Reading (cu ft) 5S6.75? 
Bas Meter Final Reading (cu ft) 733.663 
Net Bas Sai33le Volume (cu ft) V(a) ( 151.91 ) 

Vol of Licuia Collected (al) VI (c) 576.9 
Vol of Li: 3 Std. Cones, (scf! V(« std) ! 27.155 ) 
Wt. o Filter Farticulate (an) 0 

r\Kt. Fr:bs W=s- =articLlrtr
 
Wt r  art::uio K:p; ( o.oooo )
o LOfrir.sc

C2 Cor.ien-.raticr. (by CEtt I 7.S 
CDC Concent rat ion (by CEM) I 2.1 
CD Con:sr.trati=r (by CEK) I 0 
NT C:nc;ntraticn (bv diff.) I ( 84.10 ) 

S ancle cTlock Velocity Orifice Stack Gas Meter SQRTfdF) FIELD DATA AVERAGES FOR SAMPLE S E03191000DID 
Point Time Head, dp M=ter,dH Tesp Teap (degF) 

<a:r.! !ir. H20) (in H20) (dEjF) in cut Velocity Head ("we) dP(avg) = 0.166 

1 1 <
• 4 0.17 2.S9 134 94 76 0.4123 Orifice Meter Reading ("we) dH(ova) = 2.816 

^ 11 0.17 2.89 133 107 BC 0.4123 
T 
•j 11 0. It 2.72 134 120 90 0.4000 Stack Temperature (deg F) T(s avg) = 133.9 
4 31 C.16 »> 7^ 

fc» /*. 134 i^e
i«.<J 97 0.4000 (deg C) T(s avg) = 56.6 

5 11 0.16 2.72 134 128 101 0.4000 
6 11 0.17 2.39 t^*Ivw 131 104 0.4123 Meter Temperature (deg F) Tte avg) = 115.2 
7 11 0.17 2. 89 134 132 107 0.4123 (deg C) T(n avg) = 46.2 
8 11 0.17 2.89 133 132 108 0.4123 
1 
i 
i 

11 
11 
11 

0.17 
0.16 
0.16 

2.39 
2.72 
2.72 

<TrI^J 

134 
134 

131 
134 
134 

108 
110 
111 

0.4123 
0.4000 
0.4000 

Root-Mean-Square dP CMC) SORT(dP) = 0.407 

4 11 0.17 2.B9 134 133 111 0.4123 
e
J 11 0.17 2.69 134 134 111 0.4123. 
t 
V 11 0.16 2.72 134 134 112 0.4000 
7 U 0.16 ^ «T»S 

*,• /* 133 134 112 0.4000 
8 7 0.17 2.89 134 134 112 0.4123 

-___ 
M •_«_ «... 0 

1 i . ! L ^ 
•M ^ f\
iltvuO TOTALS 172 2.65 45.0500 2037.0 1650.0 6.510S 
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RESULTS , . uru_~Uwniil/ atiUwii rurv 3HnrLt t CVv-iUf'.mu 

Plait: Iff Uodated 0:-2S-91 Performed by: ED HILL £//• (' 
Dote: 03-21-91 Printed 04/04/91 Test No. /Type: E03211340DIO Isokineticity 7. I = 10»-
Saaple Location: SOJBrtR EXIT Start/Stop Tiae: 1340-1632 Metered Sample Gas Voluoe (scf) Vim std) = 130.99 

(sen) V(« std) = 3.709 
PARAMETE?. SYMBOL VALUE Stack Gas Flo*, std cond. (dscfo) Q(s) z 1077 

(calc.) std cond. (dscn/iDin)Q(s) 30.5 r 

No::le Diameter, Actual (in) N(d) 0.368 actual (acfo) Q(a) = 1690 
Pi tot Tube Correction Factor Cip) 0.64 actual (acfl/min) Q(a) s 47.9 
Sas Meter Correction Factor (alpha) 1 Particulate Loading, dry (gr/dscf) C(s std) = 0.0000 
Stack (Cuct! Dimensions ( in): 8 TL 02(gr/dscf) C(s std) = 0.0000 

Radius (if round) r, 7 S 71 02(og/dsca) C(s std) = 0 
Length (if rectangular) L Particulate Eaission Rate (Ib/hr) E(p) r 0.000 
Width (if rectangular) N (kg/hr) E(p) = 0.000 

Area of Stack (sq ft) A(s) (1.06901 ) 
Stack Sas Water Vapor Proportion B(HQ) 0.265 = 

=f of Sacoie Points t 15 Molecular Height of Stack Bas, Dry M(d! 29.55 
Total Sasciir.g Tine (mn) (theta) ( 165.00 ) Wet M(s) s 26.49 
Barosstri: Prsnure (:n Hg) P!b! 29.33 Stack Pressure, absolute (in Hg) P!s) z 29.51 
Stack Prsisurg (in K2C) P (stack) -5 Average Stack Vslocity (ft/sec) V(s avg) = 26.3 
5c= Ite^sr Init ial Reading (cu ft) 742.63 
Gi= Meter Final Readix icu ft; 886.99 
Net Gas Eaaple Voiuoe icu ft) V!a) ( 144.31 ) 

Vol of L:cu:d Collected (si! VI (c) IOCS. 12 
Voi o* Lie 6 Std. Ccnds. (sc*5 V!w std) ( 47.311 ) 
Wt. cf rilt£r Participate (ca) 0 
Wt. ;:' PrrsE U'ssn Partir-ilsts :&a) 0 

M'.p: (o.ooco i 

0: Ccn:5-t'5t:or, (ty C21? 
CC2 Ccr.cKitraiicn (by CEM) 7.62 
CC Car.centriticn (by CE.1) 0 
N2 Concentration '.by i l i f f . ) ( 64.05 ) 

 0.175
 

Saosle dCl:.;i Velocity Orifice Stack Eas Meter SQRT(dF) FIELD DATA AVERAGES FOR SAMPLE *  E03211WDIO 
Foint Tias Head. dP Me-.sr.dK Temp Temp (dear) 

(am! dr. M2D1 (in H20! (degr) in out Velocity Head ("we) dP(avg) =

1 11 o.ie 3.06 140 102 90 0.4243 Orifice Meter Reading ("we) dH(avg) = 2.931 
2 11 0.17 2.29 140 122 93 0.4123 
3 A i, 0.18 3.06 141 133 102 0.4243 Stack Temperature (deg F) T(s avg) = 140.3 
4 11 0.13 3.06 141 138 109 0.4243 (deg C) Tis avg) = 60.1 
c 11 0.17 2.B9 140 134 114 0.4123 
6 11 0.17 2. £9 140 131 116 0.4123 Meter Temperature (deg F) Tia avg) = 124.9 
7 11 0.17 * poto. & • 140 129 117 0.4123 (deg C) Tim avg) = 51.6 
8 11 0.18 3.06 140 135 119 0.4243 
1 11 0.18 3.06 140 144 121 0.4243 Root-Mean-Square dP CHC) SSRT(dP) = 0.419 

11 0.18 3.06 141 149 123 0.4243 
V 11 0. IS 3.06 141 148 124 0.4243 
4 11 0.18 3.06 140 147 122 0.4243 
5 11 0.17 2.99 140 143 121 0.4123 
6 11 0.17 2.39 140 142 120 0.4123 
7 11 0.17 2.B9 140 141 119 0.4123 
0 0 0 0 0 0 0 0.0000 

0 0.0000 

0
 
—
 

TuTALS 165 2.63 44.7100 2104.0 203S.O 1710.0 6.2803
 

http:CVv-iUf'.mu


IStKIieTIC RESULTS CALCULATED RESULTS FOR SAMPLE t — E03151125METALS 
Flsnt: I'f liozatcd 3-2S-91 Ferforeed by: ED HILL £"/// '' 
Date: 03-15-?! Printed 04/04/91 Test No. /Type: E03151125METALS Isokineticity Z I = 92.5 
Saaple Lacaucr.: SCUBEER EXIT Start/Stop Time: 1125-1408 Metered Saaple Sas Volume (scf) V(m st d) = 115.60 

(sen) V(ti st d) = 3.274 
PARAMETER SYMBOL VALUE Stack Gas Flow, std cond. (dscfa) Q'.s) = 1220 

(calc.) std cond. (dsco/rain)Q(s) = 34.5 
Nozzle Diaaeter, Actual (:n) Nld) 0.359 actual (acfo) Q(a) = 1564 
Pitot Tube Correction Factor C(p) 0.84 actual (aca/ain) Q(a) = 44.3 
Sas Meter Correction Factor (alpha) 1.02 Particulate Loading, dry (gr/dscf) C(s std) = 0.0000 
Stack (Duct) Dimensions (in): e 71 02 (gr/dscf) C(s std) = 0.0000 

Radius (if round) R 7 fi 77. D2(fflg/dsca) C(s std) = 0 
Length (if rectangular) L —— Particulate Eoission Rate (Ib/hr) E(p) = 0.000 
Width (if rectangular) W -— (kg/hr) E(p) ~ 0.000 

Area of Stack (sq ft) A (s  ) (1.06901 ) 
Stack Gas Water Vaoor Proportion B(wo) = 0.135 

4 of Saaole Points # 13 Molecular Height of Stack Gas, Dry M(d) = 29.56 
Total EaracSing Time (rain! (theta) ( 156.00 ) Met M'.s) = 22.00 
Barometric Pressure Cir Hg1 P!b) 30.1? Stack Pressure, absolute (in Hg) P(s) = 29.32 
Stack Pressjrs (in H20; ? (stack) -I Average Stack Velocity !ft/se:! V!s av0) 24.4 =
 
Ess Meter Initial Readme (cu *t) 408.518 
Gas Meter Final Reading icu ft) 530.725 
Net Sas Saccle Vclu.se "leu ft) Via.' ! 122.21 ) 

Vol of Liquid Ccllectsi <ii! VI (c) 3E2.65 
Vc: sf Li; * £td. Conds. (scf) V(w std! ( 18. Oi: ) 
Wt. of niter Farticulite (en! 0 
Ut. of :ro;i£ nSEr :arti:ulste (;,:.' 0 
Ut of Co.?^ins3 rj.'-ticuleTe (cr*; !"!s< ! 0.0000 ) 

22 Conzsntraticr, ;t; CEM) X E.6 
CC2 Concentritic-n (by CEK) '/. 7.6 
C2 Ccncer.tration (ty CEM! 2 0 
«2 Concentrst::?. (by Jiff.) 'L ( 83.30 ) 

Eai^ple d:icck Velocity Orifice Stack Gas Meter SQF.T(dF') FIELD DATA AVERAGES FDR SAMPLE * — E03151125K.ETAL3 
Point Tiae Heaa, dF Meter. dH Teap Temp (degF) 

(mm) dr. (CC) (in H23) (dear1' in out Velocity Head ("we) dP(av&) = 0.165 
,- -̂  „--,-,, ,
 

n 71
 1 12 0.17 *.• ' *. 124 -112 7S 0.412T Orifice Meter Reading ("we) dHtavg) = 2.640 
•* 12 0.17 2.72 123 123 84 0.4123 
•*' 12 O.li 2.56 124 130 92 0.4000 Stack Temperature (deg F) T(s avg! = 124.0 
4 12 0.16 2.56 124 131 96 0.4000 (deg C) T(s avg! = 51.1 
5 12 0.16 2.56 125 135 103 0.4000 
6 12 0.17 2.72 124 136 106 0.4123 Meter Temperature (deg F) TIE avg) = 117.9 
7 12 0.17 2.72 124 137 107 0.4123 (dea C) T(ir. avg) = 47.7 
8 12 0.16 2.56 125 136 109 0.4000 
1 12 0.17 2.72 124 138 108 0.4123 Rcot-ffean-Square dP ("we) SQRT(dP) = 0.406 
2 12 0.17 2.72 124 141 110 0.4123 
w 12 0.165 2.64 124 133 112 0.4062 
4 12 0.16 2.56 123 138 112 0.4000 
_'
 ,
c "-

i.. 0.16 2.56 124 141 113 0.4000
 

Tnyu *• •c- * <c
 
Ui-j.0 iVW 34.32CC 1612.0 1736.0 1330.0 5. 2801
 



ISOKINETIC RESITS CALCULATED ILTS FOR SAMPLE f — E03191000MET 
Plant: 1RF Updated 03-25- Perforned by: EDHILL ZH 
Date: OM9-91 Printed 04/04/ Test No. /Type: E03191000MET Isokineticity V. I 
Sasple Location: SCUBEER EXIT Start/Stop Tiae: 1000-1300 Ketered Saople Gas Volume (scf) V'fl std) = 

(sea) V(s std) = 3.569 
PARAMETER SYMBOL VALUE Stack Gas Flo*, std cond. (dscfn) Q(s) 1189 

(calc.J std cond. (dscs/ain)Q(s) 33.7 
Norzle Diaaeter, Actual (in) N(d) 0.359 actual (acfo) Q(a) 1595 
Pitot Tube Correction Factor Clp) 0.84 actual (acn/mn(acn/mn))  Q(aQ(a)) = 45.2 
Gas Meter Cor-ection Factor (alpha) 1.02 Particulate Loading, dry (gr/dscf(gr/dscf) Clss = 0.0000) C(  std)
Stack (Duct) Dimensions (in): fi n  =02(gr/dscf) Cls std) 0.0000 

Radius (if round) R 7 fi 72 Q2(«g/dsca) C!s std) = 0 
Length (if rectangular) L Particulate Eaission Rate (Ib/hr) E'.p) = 0.000 
Width (if rectangular) (kg/hr) E t p i = 0.000 

Area of Stack (sq ft) A(s) (1.06901 ) 
Stack Sas Hater Vapor Proportion B(wi) 0.156 

I of Saoole Points t 16 Molecular Weight of Stack Gas, Dry M ( d ) = 29.61 
Total Sailing Time (am) (theta) ( 172.00 ) Wet M(s) 
Barocetric Pressure ( in Ha) P(b) 30.09 Stack Pressure, absolute (in Hg) P-.s) 
Stack Pressure (in K20) P (stack) -5 Average stack Velocity (ft/sac) Vis avci) = 24.9 
Sas Me«r Initial Reading !cu ft) 531.742 
Gas Meter Final Reading (ca ft! 665.45 
Net Sas Saaple Voljae (cj ft) V(s) ( 133.71 ) 

Vol of Liquid Ccllectefl (si) VHc) 4*4.33 
Vol of Li} S Std. Csnds. (scf) V'h std) ( 23.270 1 
«i. of cilter Par::culats (ga; 0 
Vt. of F"c:s Wesft Far:i:.ilat5 'gm) 0 
Kt :* Ic;r£irr<2 ^articulate iia) «<>< ( 0.0000 ! 

C2 Ccncsnt.-aticn !by 121) 'i 7.3 
•f03: roncsntraticn (b> EM) e.iM 

CD Concentration (by CEM) z 0 
N2 Concentration (bv d i f f . ) I ( 84.10 ) 

£oc;ls dZlock Velocity Orif ice Stack Gas Meter SQRTldP) FIELD DATA AVERAGES FOF. SAMPLE * E0319100CMET 
roir.t Tiae Hea, dF Meter. dH Teiap Teao (deer) 

(am) ',!,-, H2D) (in H2D) (degFJ in out Velocity Head ("we) dPtavg) = 0.167 

1 * i 
4 ~ 0.17 2.38 134 99 7! 0.4123 Orifice heter Reading Cue) dH(avg) = 2.336 

*\ 
A 11 0.17 2.3S 133 111 78 0.4123 
3 11 0.17 2.33 13-4 129 85 0.4123 Stack Temperature (deg F) Tts avg^ = 133.9 
4 11 0.16 2.24 134 134 92 0.4000 (deg C) T(s avg! = 56.6 
r•J 11 0.16 2.24 134 137 97 0.4000 
(, 11 0.17 « ^Q

-•v3 13S 13B 100 0.4123 Meter Temperature (deo F) T(o avg) = 117.7 
7 11 0.17 * *•• iJU "*P 134 140 102 0.4123 (deg C) T(m avg) = 47.£ 
S 11 C.17 2.38 133 141 104 0.4123 
1 11 0.16 2.24 135 142 104 0.4000 Root-Mean-Souare dF' ("we) SQRT(dP) = 0.408 
*S 
4. 11 0.17 2.33 134 142 106 0.4123 
3 11 0.17 2.38 134 143 106 0.4123 
4 11 0.17 2.38 134 143 107 0.4123 
e 

11 0.16 2.24 134 144 108 0.4000 
6 11 O.le 2.24 134 144 103 0.4000 
7 11 0.17 2.38 133 144 1C9 0.4123 
8 7 0.17 •9 TO 

te* VU 134 145 109 0.4123 
____ 

TOTALS P2 2.67 37.3BCO 2143.0 2176.0 1590.C 6.53S4
 



CALCULATED RESULTS FOR SAMPLE t 340MET 
Plant: IF;F Updated 03-2S-91 Ferforiied by: ED HILL f rl' ( i' 

Date: 03-21-91 Frinted 04/04/91 Test No. /Type: E03211340.M£T Isokineticity 7. I = 101.6 
Saaple Location: EOJZBER EXIT Start/Stop Tiae: 1340-1632 Metered Sample Gas Volume (scf) V(a std) = 119.34 

(son) V(a std) = 3.379 
PARAMETER SYMBOL VALUE Stack Gas Flow, std cond. (dscfni) Q;S) r 1084 

(calc .) std cond. (dsca/min)Q(s) £ 30.7 
No::le Dianseter, Actual ( in) N(d) 0.359 actual (acfffl) Q(a) = 1633 
Pitot Tube Correction Factor C(p) 0. 84 actual (acB/nm) Q(a) = 47.8 
Gas Meter Correction Factor (alpha) 1. 02 Particulate Loading, dry (gr/dscf) C!s std! = 0.0000 
Stack (Duct) Dimensions ( in) : § 72 02(gr/'dscf) Cts std) = 0.0000 

Radius (if round) R 7 e 72 02(og/dscin) C(s std) = 0 
Length (if rectangular) L Particulate Emission Rate (Ib/hr) E(p) = 0.000 
Width ( if rectangular) M (ko/hrl E(p) = 0.000 

fllcl U fUS \Area of Stack (sq	 ft) H \51 . V07 vi1*11 j 
Stack Sas Water Vapor Prooortion B(wo) 0.260 

f of Sannle Points « 15 Molecular Weight of Stack Gas, Dry M!d) = 29.55 
Total Samalinc, Tiise (am) (theta) ( 165. OC ) Met «!s) = 26.55 
Esronetr:; Pressure !in hg) F!b) 29. 38 Stack Pressure, absolute (in Hg) P(s) = 29.51 
Stack Pressure (in H20) Pistacb -5 Average Stack Velocity (ft/sec) V 's avg) = 26.3 
Sa= Meter In i t i a l Reading (cj ft! 665.706 
5=5 Meter Final Reading (cu ft) 795.136 
Net Sas Baao'ie Volume (cu ft) V(a) ( 129.43 ) 

Vsl cf Liquid Collected (ol) VI !c) E90.9B 
Vol cf Liq § Etd. Sends, (s"': V(M std) ( 41.93B ) 
yt. of 7ilt;r Far t i cu la te (gis) 0 
W;. o* r":b= Wash =arncj!5ts (30) 0 
Ut s* Cccnnec =irt.:ulaT5 (C.TI, ( 0.0000 ) 

02 Concsntraticn fby CEM) ',. 2.33 
CC: Cc-:=r.trit:a- 'by CEK) J 7.62 
Cj Cc-CEr-tritic--. (by CE1) X 0 
N2 Cor,:sntrati:n iby d : f f . ) * i B4.05 ) 

Eiacis dCicd- Velocity Orif ice Stack Gas Meter SORT (oP) FIELD DATA AVERAEEE FOR SAMPLE f - E03211340I1E7 
Pcint Tiff iE Head, dF net=r,dK TetiD Teino (degF) 

( m m ) (:n H2CT ( in H2G) (oeoF) in out Velocity Head ("we) dP(avg) = 0.175 

1 11 0.1E 2.52 140 100 89 0.4243 Orifice Meter Reading Cue) dH(ava) = 2.455 
2 11 0.18 2.52 140 120 92 0.4243 
o 11 0.17 2.38 141 132 9B 0.4123 Stack Temperature (dec F) T(s avg) = 140.3 
4 11 0.18 2.52 141 141 104 0.4243 Idea C) T(s avg) = 60.1 
5 i: 0.1E 2.52 140 146 110 0.4243 
6 n 0.17 2.38 140 148 113 0.4123 Meter Temperature (deg F) T(o avg) = 126.6 
7 11 0.17 2.3E 140 149 115 0.4123 (deg C) T(m avg) = 52.6 
B 11 0.1S 2.52 140 155 117 0.4243 
1 n 0.1B 2.52 140 152 117 0.4243 Root-Hean-Square dP Cwc) SQRTldF! = 0.419 
*5	 n e*i 
•• 11 0.1B 141 154 118 0.4243 
3 11 0.18 2.52 141 155 118 0.4243 
j 11 0.17 2.38 140 145 119 0.4123 
5 n 0.17 2. 38 140 144 120 0.4123
 
6 11 0.17 2.38 140 143 121 0.4123
 
7 n 0.17 n ^r uo 143 121 0.4123
 <i* w>D 

0 0	 0 0 0 0 0 0.0000
 
C 0.0000
 — 

0 

TOTALS its 2.63 34.6200 2104.0 2127.0 1672.0 6.2603 



ISOKINETIC RESULTS CALCULATED RESULTS FOR SAMPLE I E03151132H5 
Plank: IRF Updated 3-15-91 Perfoned by: C.KING 
Date: 3-15-91 Printed 03/31/91 Test No./Type: £03151122)15 Isokineticity Z I 97 
Saiple Location: SCRUBBER EIIT Start/Stop Tiie: 1132-1300 Hetered Suple Gas Volute (scf ) Vd std) 69. ir 

(sci) Vd std) 1.959 
PARAMETER SYMBOL VALUE Stack Gas Flow, std cond. (dscfi) 8(s) 1301 

(calc.) std cond. (dsci/iin)Q(s) 36.8 
Nozzle Diaieter, Actual ( in) N(d) 0.375 actual (acfi) 0(a) 1563 
Pitot Tube Correction Factor C(p) 0.84 actual (aci/iin) Q(i) 44.3 
Gas Meter Correction Factor (alpha) 0.98 Particulate Loading, dry (gr/dscf) C(s std) 0.0272 
Stack (Duct) Diiensions (in): I 71 02(gr/dscf) C(s std) = 0.0308 

Radius (if round) R t 71 02dg/dsci) C(s std) = 70 
Length (if rectangular) L Particulate Eiission Rate ilb/hr) E(p) = 0.304 
Wid th ( i f rectangular) U (kg/hr) E(p) 0.138 

Area of Stack (sq ft) A(s) (1.06901 ) 
Stack Gas Hater Vapor Proportion B(vo) * 0.077 

1 of Saiple Points I 16 Molecular Height of Stack Gas, Dry H(d) = 29.56 
Total Satpling Tiie din) (theta) ( 80.00 ) Uet H(s) - 28.67 
Baroietric Pressure (in Kg) P(b) 30.19 Stack Pressure, absolute (in Hg) P(s) 29.82 
Stack Pressure (in H20) P(stack) -5 Average Stack Velocity (ft/sec) V(s avg) = 24.4 
Gas Meter Initial Reading (cu ft) 129.712 
Gas Meter Final Reading (cu ft) 205.112 
Net Gas Saiple Volute (cu ft) Vd) ( 75.40 ) 

V o l o f Liquid Collected dl) VI (c) 122.65 
Vol of Liq 8 Std. Conds. (scf) V(v std) ( 5.773 ) 
yt. of Filter Pa r t i cu la t e (gt) 0.1221 
lit. of Probe Uash Particulate (gi) 0 
Ut of Combined Par t icu la te (gi) N(p) ( 0.1221 ) 

02 Concentration (by CEM) Z 8.6 
C02 Concentration (by CEM) Z 7.6 
CO Concentration (by CEM) Z 0 
N2 Concentration (by d i f f . ) Z ( 83.80 ) 

Saiple dClock Velocity Orifice Stack Gas Meter SQRT(dP) FIELD DATA AVERAGES FOR SAMPLE t E03151132M5 
Point Tiie Head, dP Meter.dH Teip Teip (degF) 

din) (in H20) (in H20) (degF) in out Velocity Head Cvc) dP(avg) = 0.169 
,—— ̂»••»t" ••••••. "«-"••» 

I 5 0.16 2.8 123 105 82 0.4000 O r i f i c e Meter Reading Cvc) dH(avg) = 2.881 
2 5 0.17 2.9 123 107 84 0.4123 
3 5 0.17 2.9 123 111 85 0.4123 Stack Teiperature (deg F) T(s avg) = 123.6 
4 5 0.17 2.9 124 112 88 0.4123 (deg C) T(s avg) = 50.9 
5 5 0.17 2.9 124 121 91 0.4123 
6 5 0.17 2.9 125 122 93 0.4123 Meter Teiperature (deg F) Td avg) = 112.9 
7 5 0.17 2.9 124 123 93 0.4123 (deg C) Td avg) = 44.9 
8 5 0.17 2.9 125 125 92 0.4123 
1 5 0.16 2.8 124 125 103 0.4000 Root-Mean-Square dP Cue) SQRT(dP) = 0.411 
2 5 0.16 2.8 124 131 108 0.4000 
3 5 0.17 2.9 124 137 112 0.4123 
4 5 0.18 2.9 123 139 115 0.4243 
5 5 0.17 2.9 123 138 114 0.4123 
6 5 0.17 2.9 123 138 113 0.4123 
7 5 0.17 2.9 123 133 114 0.4123 
8 5 0.17 2.9 123 139 114 0.4123 

j
"*"""•"•» »K•
 

TOTALS 80 2.70 46.1000 1978.0 2012.0 1601.0 6.5720
 



1SDKINETIC RESULTS CALCULATED RESULTS FORSAMPLE I — E03191051H5
 
PUnt: IRF Updated 3-15-91 Per for ted by: C.KING 
Date: 3-19-91 Printed 03/31/91 Test No./Type: E03191051H5 Isokineticity I I 101.4 
Suple Location: SCRUBBER EIIT Start/Stop Tiie: 1051-1220 Hetered Saiple Gas Voluie (scf) Vd std) = 68,87 

(sci) Vd std) = 1.950 
PARAMETER SYMBOL VALUE Stack Gas Flow, std cond. (dscfi) Q(s) 1385 

(calc.) ttd cond. (dsci/iin)Q(s) 33.5 
Nozzle Dineter, Actual(in) N(d) 0.375 actual (acfi) Q(a) 1598 
Pitot Tube Correction Factor C(p) 0.84 actual (aci/iin) B(a) 45.3 
Gas Meter Correction Factor (alpha) 0.98 Particulate Loading, dry (gr/dscf(gr/dscf)) C(C(ss std) s 0.0338 
Stack (Duct) Dimensions(in): I 71 02(gr/dscf) C(s std) - 0.0358 

Radius (if round) R 7 • 71 02dg/dsci) C(s std) = 82 
Length (if rectangular) L Particulate Eiission Rate (Ib/hr) Eip) * 0.343 
Width (if rectangular) II (kg/hr) E(p) = 0.155 

Area of Stack (sq ft) A(s) (1.06901 ) 
Stack Gas Vater Vapor Proportion B(vo) 0.163
=
 

1 of Saiple Points I 16 Molecular Height of Stack Gas, Dry H(d) = 29.61
 
Total Saipling Tiiedin) (theta) ( 80.00 ) «et M(s) = 27.72
 
Barometric Pressure (in Hg) P(b) 30.09 Stack Pressure, absolute (in Hg) P(s) = 29.72
 
Stack Pressure (HI H20) P(stack) -5 Average Stack Velocity (ft/sec) V(s avg) = 24.9
 
Gas Meter Initial Reading (cu ft) 205.901
 
Gas Heter Final Reading (cu ft) 281.187
 
Net Gas Saiple Voluie (cu ft) Vd) ( 75.29 )
 

Vol of Liquid Collected dl) VI (c) 284.77
 
Vol of Liq « Std. Conds. (scf) V(v std) ( 13.404 )
 
lit. of Filter Particulate (gi) 0.1407
 
Ut. of Probe Hash Particulate (gi) 0.01
 
Ut of Coibined Particulate (gi) M(p) ( 0.1507 )
 

02 Concentration (by CEM) I 7.8
 
C02 Concentration (by CEM) I 8.1
 
CO Concentration (by CEM) I 0
 
N2 Concentration (by diff.) : ( 84.10 )
 

Saiple dClock Velocity Orifice Stack Gas Heter SQRT(dP) FIELD DATA AVERAGES FOR SAMPLE I  E03I91051B5 
Point Tiie Head, dP Meter,dH Teip Teip (degF) 

din) (in H20) (in H20) (degf) in out Velocity Head Cvc) dP(avg) = 0.168 
JL ~~ LJL —~" 

1 5 0.17 2.9 134 106 83 0.4123 Orifice Meter Reading C«) dH(avg) * 2.875 
2 5 0.16 2.8 133 118 88 0.4000 
3 5 0.17 2.9 133 123 91 0.4123 Stack Teiperature (deg F) T(s avg) = 132.3 
4 5 0.17 2.9 135 123 92 0.4123 (deg C) TCi avg) = 55.7 
5 5 0.18 3 132 124 94 0.4243 
6 5 0.17 2.9 132 125 96 0.4123 Meter Teiperature (deg F) Td avg) = 112.7 
7 5 0.17 2.9 131 126 95 0.4123 (deg C) Td avg) = 44.8 
8 5 0.16 2.8 132 126 99 0.4000 
1 5 0.16 2.8 132 119 98 0.4000 Root-Mean-Square dP ('«) SQRT(dP) = 0.409 
2 5 0.16 2.8 131 123 100 0.4000 
3 5 0.16 2.8 131 133 106 0.4000 
4 5 0.17 2.9 131 133 108 0.4123 
5 5 0.17 2.9 132 135 109 0.4123 
6 5 0.17 2.9 132 133 109 0.4123 
7 5 0.17 2.9 133 135 110 0.4123 
8 5 0.17 2.9 133 135 110 0.4123 

_____„__, _*_____*« .______—
 »_._*__ 4
•«_.._•, * 4 H
 

TOTALS 80 2.68 46.0000 2117.0 2017.0 1588.0 ' 6.5474
 



1SOKINET1C RESULTS CALCULATED RESULTS FOR SAMPLE I — E03211405M5
 
Plant: IRF Updated 3-29-91
 
Date: 3-21-91 Printed 03/31/91
 
Staple Location: Scrubber exit
 

PARAMETER
 

Nozzle Diaieter, Actual (in) 
Pitot Tube Correction Factor 
Sas Meter Correction Factor 
Stack (Duct) Dimensions (in): 

Radius (if round) 
Length (if rectangular) 
Uid th ( i f rectangular) 

Area of Stack (sq ft) 

t of Saiple Points 
Total Saipling Tiie din) 
Baroietric Pressure (in Hg) 
Stack Pressure (in H20) 
Sas Meter Ini t ial Reading (cu ft) 
Gas Meter Final Reading (cu ft) 
Net Sas Saiple Voluie (cu ft) 

Vol of Liquid Collected dl) 
Vol of Liq * Std. Conds. ( scf ) 
lit. of F i l t e r Pa r t i cu l a t e (gi) 
lit. of Probe Wash Par t i cu la te (gi) 
lit of Coibined P a r t i c u l a t s (g») 

02 Concentration (by CEH) 
C02 Concentration (by C£«) 
CO Concentration (by CEH) 
N2 Concentration (by d i f f .  ) 

Saiple dClock Velocity Orifice 
Point Tiie Head, dP Heter.dH 

din) (in H20) (in H20) 
••••••—*» 

I 5 0.18 3.1 
2 5 0.18 3.1 
3 5 0.18 3.1 
4 5 0.18 3.1 
5 5 0.18 3.1 
6 5 0.18 3.1 
7 5 0.17 2.9 
8 5 0.17 2.9 
1 5 0.18 3.1 
2 5 0.17 2.9 
3 5 0.18 3.1 
4 5 - 0.17 2.9 
5 5 0.17 2.9 
6 5 0.18 3.1 
7 5 0.18 3.1 
8 5 0.18 3.1 

Perforied by:
 
Test No. /Type:
 
Start/Stop Tiie:
 

SYMBOL VALUE
 
(calc.)
 

N(d) 0.375
 
C(p) 0.84
 
(alpha) 0.98
 

R 7
 
I 1 - ••
 

U ••••
 

A(s) (1.06901
 

1 16
 
(theta) ( 80.00
 
P(b) 29.88
 
P(stack) -5
 

281.935
 
352.855
 

Vd) ( 70.92
 

VI (c) 487.86
 
V(v std) ( 22.964
 

0.1569
 
0.01
 

N(p) ( 0.1669
 

Z 8.15
 
I 7.58
 
: o
 
I ( 84.27
 

Stack Gas
 
Teip Teip
 
(degF) in
 

140 95
 
141 123
 
141 131
 
141 137
 
142 138
 
140 138
 
143 139
 
144 140
 
142 132
 
141 135
 
140 141
 
141 141
 
141 142
 
140 141
 
139 140
 
139 141
 

C.KING £** 
E03211405M5 Isokineticity 1 I s 10" 
1405-1536 Netered Satple Gas Volute (scf) Vd std) s 6i.-,,., 

(SCI) Vd std) s 1.795 
Stack Gas Flov, std cond. (dscfi) C(s) I 1081 

std cond. (dsci/iin)Q(s) = 30.6 
actual (acfi) Q(a) s 1699 

Particulate
actual

 Loading, dry
 (aci/iin) 

 (gr/dscf) 
B(a) 
C(s std) 

r 

E 
48.1 

0.0406 
C 71 Q2(gr/dscf) 
C 71 02dg/dsci) 

C(s 
C(s 

std) 
std) 

s 

E 

0.0443 
101 

Particulate Eiission Rate (Ib/hr) E(p) s 0.376 
(kg/hr) E(p) c 0.171 

) 
Stack Gas liater Vapor Proportion B(vo) - 0.266 
Molecular Height of Stack Gas, Dry M(d) = 29.54 

) Uet H(s) s 26.47 
Stack Pressure, absolute (in Hg) P(s) s 29.51 
Average Stack Velocity (ft /sec) V(s avg) • 26.5 

)
 

)
 

)
 

)
 

Meter SQRT(dP) FIELD DATA AVERAGES FOR SAMPLE I E03211405M5 
(degF) 
out Velocity Head Cvc) dP(avg) = 0.177 

96 0.4243 O r i f i c e Meter Reading Cvc) dH(avg) = 3.038 
97 0.4243 
99 0.4243 Stack Teiperature (deg F) T(s avg) = 140.9 
103 0.4243 (deg C) T(s avg) = 60.5 
104 0.4243 
106 0.4243 Meter Teiperature (deg F) Td avg) = 122.3 
110 0.4123 (deg C) Td avg) = 50.2 
112 0.4123 
113 0.4243 Root-Mean-Square dP Cvc) SQRT(dP) = 0.421 
113 0.4123 
110 0.4243 
120 0.4123 
120 0.4123 
119 0.4243 
119 0.4243 
120 0.4243 

_
•»•_•«•*•••. WAMV*«.
«•«•••.»' *•«*«***•< » mn


TOTALS 80 2.83 48.6000 2255.0 2154.0 1761.0 6.7285
 



ISOKINETIC PERFORMANCE WORKSHEET AND PARTICULATECALCULATIONS FIELD DATA AVERAGES
 
Plant: IRF Performed by: 6.HILL 
Date: 3-15-31 Test Ho./Type: A03151133H5HETALS Avg Velocity Head (in H20) dP(avg) * 0.068 
Saiple Location: A.B. Start/Stop Tiie: 1133-1404 

Avg Orifice Heter Reading (in H20) )dH(avgdH(avg) * 2.200 
PARAHETER SYHBOL VALUE 

(cak.) Avg Stack Teiperature (degF) T(s avg) = 2060.0 
NozzleJJiaieter, Actual (in) N(d) 0.625 
Pitot tube Correction Factor Cfp) O.B400 Td avg)Average Heter Teiperature (dejF) * 110.3 
Gas Heter Correction Factor (alpha) 0.3700 
Stack (Duct) Dimensions (in): Avg SQRT(dP) «' 0.261 

Radius (if round) R 11.63 * 
Length (if rectangular) L 0.00 CALCULATED VALUES 
Width (if rectangular) U 0.00 

Area of Stack (sq ft) A(s) ( 2.95 ) Heter Volume (std,cu. ft.) Vd std) = 110.49 

i of Saiple Points 1 24 Stack Gas Hater Vapor Proportion )B(voB(vo) * 0.104 
Total Saipling Tiie din) (theta) ( 144.00 ) 
Baroietric Pressure (in Hg) P(b) 30.19 Hoi. Ht., Stack Gas Dry N(d) 29.73 
Stack Pressure (in H20) P(stack) -0.070 
Gas Heter Initial Reading (cu ft) 574.37 Hoi. Ut., Stack Gas Uet H(s) 28.51 
Gas Heter Final Reading (cu ft) 695.69 
Net Gas Saiple Voluie (cu ft) Vd) ( 121.33 ) Abs Stack Pressure (in Hg) P(s) = 30.18 

Vol of Liquid Collected dl) VI (c) 272.9 Avg Stack Velocity (ft/sec) V(s avg) = 32.0 
Vol of Liq( Std. Conds. (scf) V(v std) ( 12.847 ) 
Ut. of Filter Particulate (gi) 0.1703 Isokineticity (I) Z I 99.0 
Ht. of Probe Wash Particulate (gi) 0.0900 
Ut of Combined Particulate (gm) H(p) ( 0.2609 ) Stack Gas STD Vol Flov (dscfi) 6(s) 1073 

02 Concentration (by CEH) Z 02 6.30 Actual Stack Gas Vol Flov (acfi) 0(a) 5663 
C02 Concentration (by CEH) I CD2 9.10 
CO Concentration (by CEH) I CD 0.0 Particulate Loading, dry(gr/dscf) C(s std)- 0.0364 
N2 Concentration (bydiff.) I K2 ( 84.00) Particulate Loading, 871 02dg/dsci)C(s std) 83 

Particulate Loading, dry I 7 I 02 (gr/dscf) = 0.0362 
Saiple dClock Velocity Orifice Stack Gas Heter SORT(dP) 
Point Tiie Head, dP Heter, dH Teip Teip (degF) Particulate Eiission Rate(lb/hr) E(p) 0.335 

(in H20) (in H20) (degF) in out
 
( f
 

1 6 0.07 2.2000 2060.0 82.0 80.0 0.2608
 
2 6 0.07 2.2000 2060.0 85.0 83.0 0.2608
 
3 6 0.07 2.2000 2060.0 89.0 85.0 0.2608
 
4 6 0.07 2.2000 2060.0 95.0 90.0 0.2608
 
5 6 0.07 2.2000 2060.0 103.0 98.0 0.2608
 
6 6 0.07 2.2000 2060.0 110.0 101.0 0.2608
 
7 6 0.07 2.2000 2060.0 117.0 101.0 0.2608
 
8 6 0.07 2.2000 2060.0 125.0 101.0 0.2608
 
9 £ 0.07 2.2000 2060.0 130.0 103.0 0.2608
 
10 6 0.07 2.2000 2060.0 131.0 103.0 0.2608
 
11 6 0.07 2.2000 2060.0 131.0 103.0 0.2608
 
12 6 0.07 2.2000 2060.0 131.0 103.0 0.2608
 
1 6 0,07 2.2000 2060.0 128.0 102.0 0.2608
 
J
 6 0.07 2.2000 2060.0 128.0 104.0 0.2608
 
3 6 0.07 2.2000 2060.0 131.0 104.0 0.2608
 
4 6 0.07 2.2000 2060.0 131.0 104.0 0.2608
 
5 G 0.07 2.2000 2060.0 131.0 104.0 0.2608
 
6 6 0.07 2.2000 2060.0 131.0 104.0 0.2606
 
7 6 0.07 2.2000 2060.0 131.0 104.0 0.2608
 
g 6 0.07 2.2000 2060.0 131.0 104.0 0.2608
 
9 6 0.07 2.2000 2060.0 J31.0 104.0 0.2608
 

10 6 0.07 2.2000 2060.0 131.0 104.0 0.2608
 
11 6 0.07 2.2000 2060.0 131.0 104.0 0.2608
 
12 6 0.07 2.2000 2060.0 131.0 104.0 0.2608
 

+ 4 +
ww«*—*•
 

*
 
TOTfllS 144 1.632 52.8 43440 2895 2397 6.258434
 



1SOKIHET1C PERFORMANCE WORKSHEET AND PARTICULATE CALCULATIONS . FIELD DATA AVERAGES 
Plant: IRF Performed by: 6.HILL Jyfy
 
Dili: 3-13-91 Test No./Type: A03191000N5HETALS Avg Velocity Head (in H20) dP(avg) * 0.068 
Saiple Location: A.B. Start/Stop Tiie: 1000-1225
 

Avg Orif ice Heter Reading (in H20) dH(avgdH(avg)) * 2.200 "~ 
PARAMETER SYMBOL VALUE
 

(calc.) Avg Stack Tetperature (degF) T(s avg) « 2062.0 
Nozzle Diaieter, Actual (in) N(d) 0.625 
Pitot Tube Correction Factor C(p) 0.8400 Average Reter Tetperature (degF) T(T(tt avgavg)) * 113.7 
Sts fleter Correction Factor (alpha) 0.9700 
Stack (Duct) Diiensions (in): Avg SQRT(dP) 0.261B 

Radius (if round) R 11.63
 
Length (if rectangular) L 0.00 CALCULATED VALUES 
Uidth (if rectangular) U • 0.00
 

Area of Stack (sq ft) A(s) ( 2.95 ) Heter Volute (std, cu. ft.) V(t std) = 103.84 

I of Satple Points I 24 Stack Gas Hater Vapor Proportion B(voB(vo)) > 0.116 
Total Saipling Tiie (tin) (theta) ( 144.00 )
 
Btrotetric Pressure (in Kg) P(b) 30.09 Hoi. Ut., Stack Gas Dry M(d) 29.84 
Stack Pressure (in H20) P(stack) -0.070
 
6as Heter Initial Reading (cu ft) 696.18 Mol. Ut., Stack Gas Wet N(s) « 28.47 
Gas Hettr Final Reading (cu ft) 811.26
 
Net Gas Saiple Volute (cu ft) Vd) < 115.08 ) Abs Stack Pressure (in Hg) P(s) « 30.08 

Vol of Liquid Collected dl) V I ( c ) 288.6 Avg Stack Velocity (f t /sec) V(s avg) * 32.1 
Vol of Liq t Std.Conds. (scf) V(w std) ( 13.5B3 ) 
Ut. of Filter Particulate (gt) 0.1985 Isokineticity (1) I I 94.4 
Ut. of Probe Hash Particulate (gt) 0.1500 
Ut of Cotbined Part iculate (gt) H(p) ( 0.3485 ) Stack Gas STD Vol Flov (dscft) S(s) 1058 

02 Concent ra t ion (by CEH) I 02 6.00 Actual Stack Gas Vol Flow (acft) 0(1) * 5684 
C02 Concentrat ion (by CEH) I C02 10.00 
CO Concentration (by CEfl) I CO 0.0 Particulate Loading, dry(gr/dscf) C(C(ss stdstd) ) = 0.0518"*
K2 Concentrat ion (by d i f f .  ) 1 N2 ( 84.00 ) Particulate Loading, {71 02(tg/dsct)C('C(ss stdstd)) = 111 

Particulate Loading, dry ( 7 I 02 (g r /dsc fi r /dscf )) « 0.0483 
Saiple dClock Velocity Orifice Stack Gas Heter SSRT(dP) 
Point Tiie Head, dP Heter,dH Teip Teip (degF) Particulate Eiission Rate(lb/hr) E(p) 0.470 

(in H20) (in H20) (degF) in out 

1 £ 0.07 2.2000 2062.0 96.0 82.0 0.2608
 
2 6 0.07 2.2000 2062.0 109.0 88.0 0.2608
 
3 6 0.07 2.2000 2062.0 119.0 95.0 0.2608
 
4 6 0.07 2.2000 2062.0 123.0 98.0 0.2608
 

j
5 0.07 2.2000 2062.0 125.0 99.0 0.2608
 
6 6 0.07 2.2000 2062.0 126.0 99.0 0.2608
 
7 6 0.07 2.2000 2062.0 126.0 101.0 0.2608
 
8 0 0.07 2.2000 2062.0 127.0 101.0 0.2608
 
9 s 0.07 2.2000 2062.0 128.0 101.0 0.2608
 
10 6 0.07 2.2000 2062.0 128.0 101.0 0.260B
 
11 6 0.07 2.2000 2062.0 128.0 103.0 0.2608
 
12 6 0.07 2.2000 2062.0 125.0 103.0 0.2608
 
1 6 0.07 2.2000 2062.0 128.0 101.0 0.2608
 
2 6 0.07 2.2000 2062.0 130.0 101.0 0.2608
 
3 6 0.07 2.2000 2062.0 130.0 103.0 0.2608
 
4 6 0.07 2.2000 2062.0 130.0 105.0 0.2608
 
5 b 0.07 2.2000 2062.0 130.0 107.0 0.2608
 
6 6 0.07 2.2000 2062.0 131.0 107.0 0.2608
 
7 6 0.07 2.2000 2062.0 130.0 107.0 0.2608
 
8 6 0.07 2.2000 2062.0 130.0 107.0 0.2608
 
9 6 0.07 2.2000 2062.0 130.0 107.0 0.2608
 
10 6 0.07 2.2000 2062.0 130.0 107.0 0.2608
 
11 6 0.07 2.2000 2062.0 130.0 107.0 0.2608
 
12 6 0.07 2.2000 2062.0 130.0 107.0 0.2608
 

TOTALS 144 1.632 52.8 49488 3019 2437 6.258434
 



ISOKINETIC PERFORMANCE WORKSHEET AND PARTICULATE CALCULATIONS FIELD DATA AVERAGES
 
Plant: IRF Perforied by: 6.H1LL J*/K 
Date: 3-21-91 Test No./Type: A03211344H5HETALS Avg Velocity Head (in H20) dP(avg) * 0.068 
Saiple Location: A.B. Start/Stop Tiie: 1344-1612 

Avg Orifice Meter Reading (in H20) dH(avg) = 2.200 
PARAMETER SYMBOL VALUE
 

(calc.) Avg Stack Teiperature (degF) T(s avg) * 2060.0 
Nozzle Diaieter, Actual (in) N(d) 0.625 
Pitot Tube Correction Factor C(p) 0.8400 Avenge Meter Teiperature (degF) Td ivg) * 124.0 
Gas Meter Correction Factor (alpha) 0.9700 
Stack (Duct) Dimensions (in): Avg SflRT(dP) * 0.261 

Radius (if round) R 11.63
 
Length (if rectangular) L 0.00 CALCULATED VALUES 
Uidth (if rectangular) U 0.00
 

Area of Stack (sq ft) A(s) ( 2.95 ) Meter Volute (std, cu. ft.) V(i std) * 105.20
 

I of Saiple Points I 24 Stack Sat Hater Vapor Proportion B(vo) > 0.074
 
Total Saipling Tiie din) (theta) ( 144.00 )
 
Baroietric Pressure (in Hg) P(b) 29.88 Nol. Ut., Stack Sas DM H(d) * 29.72
 
Stack Pressure (in H2D) P(stack) -0.070
 
Gas Meter Initial Reading (cu ft) 811.59 Hoi. Ut., Stack Sas Met H(s) * 28.86
 
Gas Meter Final Reading (cu ft) 931.12
 
Net Gas Saiple Voluie (cu ft) Vti) ( 119.53 ) Abs Stack Pressure (in Hg) P(s) 29.87
 

Voi of Liquid Collected di) Vl(c) 177.9 Avg Stack Velocity (ft/sec) V(s avg) « 32.0
 
Vol of Liq « Std. Conds. (scf) V(v std) ( 8.373 )
 
Ut. of Filter Particulate (gi) 0.1303 Isokineticity (I) I I 92.2
 
Ut. of Probe Hash Particulate (gi) 0.1500
 
Ut of Coibined Particulate (gi) H(p) ( 0.2803 ) Stack Gas STD Vol Flo* (dscfi) B(s) - 109B
 

02 Concentration (by CEH) I 02 6.98 Actual Stack Gas Vol Flov ( ac f i ) 0(a) 5664 
C02 Concentration (by CEH) I CD2 9.00 
CD Concentration (by CEK) I CO 0.0 Particulate Loading, dry(gr/dscf) C(s std) * 0.0411 
N2 Concentration (by diff.) I N2 ( 84.02) Particulate Loading, 171 02(ig/dsc»)C(s std) - 94 

Particulate Loading, dry I 7 I 02 (gr/dscf) * 0.0411
 
Saiple dClock Velocity Orifice Stack Gas Meter SQRT(dP)
 
Point Tiie Head, dP Meter, dH Teip Teip (degF) Particulate Eiission RateOb/hr) E(p) 0.3B7
 

(in H2Q) (in H20) (degF) in out
 

1 6 0.07 2.2000 2060.0 104.0 89.0 0.2608
 
2 6 0.07 2.2000 2060.0 119.0 94.0 0.2608
 
3 6 0.07 2.2000 2060.0 124.0 99.0 0.2608
 
4 6 0.07 2.2000 2060.0 128.0 102.0 0.2608
 
5 6 0.07 2.2000 2060.0 134.0 105.0 0.2608
 
6 6 0.07 2.2000 2060.0 139.0 105.0 0.2608
 
7 6 0.07 2.2000 2060.0 139.0 110.0 0.2608
 
g
 £ 0.07 2.2000 2060.0 139.0 115.0 0.2608
 
9 6 0.07 2.2000 2060.0 139.0 115.0 0.2608
 
10 6 0.07 2.2000 2060.0 139.0 115.0 0.2608
 
11 6 0.07 2.2000 2060.0 140.0 115.0 0.2608
 
12 6 0.07 2.2000 20EO.O 141.0 116.0 0.2608
 
1 6 0.07 2.2000 2060.0 137.0 114.0 0.2608
 
2 6 0.07 2.2000 2060.0 139.0 116.0 0.2608
 
3 6 0.07 2.2000 2060.0 140.0 117.0 0.2608
 
4 6 0.07 2.2000 2060.0 140.0 117.0 0.260B
 
5 6 0.07 2.2000 2060.0 141.0 117.0 0.2608
 
6 6 0.07 2.2000 2060.0 141.0 117.0 0.2608
 
T 6 0.07 2.2000 2060.0 141.0 117.0 0.2608
 
8 6 0.07 2.2000 2060.0 140.0 119.0 0.2608
 
9 6 0.07 2.2000 2060.0 140.0 119.0 0.2608
 
10 6 0.07 2.2000 2060.0 140.0 119.0 0.2608
 
11 6 0.07 2.2000 2060.0 140.0 119.0 0.2608
 
12 6 0.07 2.2000 2060.0 140.0 119.0 0.2608
 

+ 4 4 +
 
^
 TOTALS 144 1.632 52.8 49440 3264 2690 6.258434
 



ISOKINETIC RESULTS 
Plant: 1RF Updated 3-15-91 
Date: 3-15-91 Printed 03/31/91 
Saiple Location: STACK 

PARAMETER 

Nozzle Diaieter, Actual (in)
 
Pitot Tube Correction Factor
 
Sas Heter Correction Factor
 
Stack (Duct) Diiensions (in):
 

Radius (if round)
 
Length (if rectangular)
 
Uidth (if rectangular)
 

Area of Stack (sq ft)
 

1 of Saiple Points
 
Total Saipling Tiae din)
 
Baronetric Pressure (in Hg)
 
Stack Pressure (in H20)
 
Sas Heter Initial Reading (cu ft)
 
Sas Neter Final Reading (cu ft)
 
Net Sas Saiple Voluie (cu ft)
 

Vol of Liquid Collected dl)
 
Vol of Liq t Std. Conds. (scf)
 
lit. of Filter Particulate (gi)
 
lit. of Probe Hash Particulate (ga)
 
Ut of Cotbined Particulate (gi)
 

02 Concentration (by CEH)
 
C02 Concentration (by CEH)
 
CO Concentration (by CEH)
 
N2 Concentration (by diff.)
 

Saiple dClock Velocity Orifice 
Point Tiie Head, dP Meter,dH 

din) (in H20) (in H20) 

1 7 0.18 3.2 
2 7 0.19 3.4 
3 7 0.19 3.4 
4 7 0.2 3.5 
5 7 0.2 3.5 
6 7 0.19 3.4 
1 7 0.19 3.4 
2 7 0.19 3.4 
3 7 0.2 3.5 
4 7 0.19 3.4 
5 7 0.19 3.4 
6 7 0.19 3.4 

CALCULATED RESULTS FOR SAHPLE I S03151132M5 
Performed by: C.KIN6 
Test No./Type: S03151132H5 Isokineticity I I 
Start/Stop Tiie: 1132-1302 Hetered Saiple Sas Volute (scf) Vd std) 

(sci) Vd std) 
SYMBOL VALUE Stack Sas Flow, std cond. (dscfi) Q(s) 

(calc.) std cond. (dsci/iin)fi(s) 
N(d) 0.376 actual (acfi) 0(a) 
C(p) 0.84 actual (aci/iin) Q(a) 
(alpha) 1.02 Particulate Loading, dry (gr /dscf) C(s std) 

I 71 Q2(gr/dscf) C(s std) 
R 7 I 71 Q2(iq/dsci) C(s std) 
L Particulate Eiission Rate (Ib/hr) E(p) 
V (kg/hr) E(p) 
A(s) (1.06901 ) 

Stack Sas Hater Vapor Proportion B(vo) * 
t 12 Molecular Height of Stack Sas, Dry H(d) 
(theta) ( 84.00 ) Uet H(s) = 
P(b) 30.19 Stack Pressure, absolute (in Hg) P(5) 
P(stack) 3 Average Stack Velocity (ft/sec) V(s avg) : 

855.001
 
936.619
 

Vd) ( 81.62 )
 

Vl(c) 269.97
 
V(v std) ( 12.707 )
 

0.0635
 
0
 

N(p) ( 0.0635 )
 

: 11.1
 
i 5.5
 
i 0
 
i ( 83.40 )
 

Stack 6as Heter S8RT(dP) FIELD DATA AVERAGES FOR SAHPLE I S03151132K5 
Teip Teip (degF) 
(degF) in out Velocity Head Cvc) dP(avg) = 0.192 

120 113 84 0.4243 Orif ice Heter Reading Cvc) dH(avg) - 3.408 
121 115 88 0.4359 
122 117 89 0.4359 Stack Teiperature (deg F) T(s avg) = 123.1 
120 117 89 0.4472 (deg C) T(s avg) = 50.6 
123 118 89 0.4472 
125 123 91 0.4359 Heter Teiperature (deg F) Td avg) = 112.3 
125 133 102 0,4359 (deg C) Td avg) = 44.6 
125 136 104 0.4359 
126 139 106 0.4472 Root-Hean-Square dP Cvc) SCRT(dP) = 0.438 
125 139 108 0.4359 
123 139 108 0.4359 
122 139 108 0.4359 

"••—•«••«•«
 

TOTALS 84 2.30 40.9000 1477.0 1528.0 1166.0 5.2530
 



ISOKINETIC RESULTS CALCULATED RESULTS FOR SAMPLE I~ S03191051H5 
Plant: IRF Updated 3-15-91 Perforied by: C.KING t. 
Date: 3-19-91 Printed 03/31/91 Test No. /Type: S03191051H5 Isokineticity I I 99.7 
Saiple Location: STACK Start/Stop Tiie: 1051-1222 Hetered Saiple Gas Voluie (scf) Vd std) 76.92 

(sci) Vd std) 2.178 
PARAMETER SYMBOL VALUE Stack Gas Flow, std cond. (dscfi) fl(s) 127S 

(calc.) std cond. (dsci/iin)Q(s) 36.1 
Nozzle Diaieter, Actual (in) N(d) 0.376 actual (acf i ) Q(J) 1688 
Pitot Tube Correction Factor C(p) 0.84 actual (aci/iin) Bd) 47.8 
Gas Meter Correction Factor (alpha) 1.02 Particulate Loading, dry (gr/dscf) C(s std) 0.0199 
Stack (Duct) Diiensions (in): I 71 02(gr/dscf) C(s std) O.C253 

Radius (if round) R 7 ( 71 02dg/dsci) C(s std) 58 
 -Length (if rectangular) L Particulate Eiission Rate (Ib/hr) E (p ) 0.217 

Width (if rectangular) U (kg/hr) E (p ) 0.099 
Area of Stack (sq ft) A(s) (1.06901 ) 

Stack Gas Mater Vapor Proportion B(vo) 0.174
 
I of Saiple Points 1 12 Molecular Height of Stack 6as, Dry M(d) 29.39
 
Total Saipling Tin din) (theta) ( 84.00 ) Wet H(s) 27.41
 
Baroietric Pressure (in Hg) P(b) 30.09 Stack Pressure, absolute (in Hg) P(s) 30.31
 
Stack Pressure (in H20) P(stack) 3 Average Stack Velocity (ft/sec) V(s avg) 26.3
 
Gas Meter Initial Reading (cu ft) 938.33
 
Gas Meter Final Reading (cu ft) 1018.67
 
Net Gas Saiple Voluie (cu ft) Vd) ( 80.34 )
 

Vol of Liquid Collected dl) VI (c) 344.74
 
Vol of Liq t Std. Conds. (scf) V(v std) ( 16.227 )
 
Ut. of Filter Particulate (gi) 0.0892
 
Ht. of Probe Hash Particulate (gi) 0.01
 
Ut of Coibined Particulate (gi) H(p) ( 0.0992 )
 

02 Concentration (by CEM) Z 10
 
C02 Concentration (by CEH) Z 6.2
 
CO Concentration (by CEM) Z 0
 
N2 Concentration (by diff.) Z ( 83.80 )
 

Saiple dClock Velocity Orifice Stack Sas Meter SBRT(dP) FIELD DATA AVERAGES FOR SAMPLE I - S03191051M5 
Point Tiie Head, dP Meter, dH Teip Teip (degF) 

din) (in H20) (in H20) (degF) in out Velocity Head Cvc) dP(avg) * 0.191 

1 7 0.18 3.2 125 107 85 0.4243 Orifice Meter Reading Cvc) dH(avg) = 3.383 
2 7 0.19 3.4 125 120 SB 0.4359 
3 7 0.18 3.2 125 124 90 0.4243 Stack Teiperature (deg F) T(s avg)= 125.1 
4 7 0.19 3.4 125 126 91 0.4359 (deg C) T(s avg) = 51.7 
5 7 0.2 3.5 125 127 93 0.4472 
6 •j 0.2 3.5 126 128 96 0.4472 Meter Teiperature (deg F) Td avg)= 110.2 
1 7 0.2 3.5 125 110 9fl 0.4472 (deg C) Td avg) = 43.4 
2 7 0.19 3.4 125 132 99 0.4359 
3 7 0.2 3.5 125 131 101 0.4472 Root-Mean-Square dP Cvc) SQRT(dP) = 0.437 
4 7 0.18 3.2 125 131 101 0.4243 
5 7 0.19 3.4 125 131 102 0.4359 
6 7 0.19 3.4 125 131 102 0.4359 

».*...*<_i
 

TOTALS 84 2.29 40.6000 1501.0 1498.0 1146.0 5.2411
 



1 

ISCKINETIC RESULTS CALCULATED RESULTS FOR SAMPLE ft— S03211405HCL
 
Plant: IRF Updated C3-2=-2l Performed by: CHARLY KING
 
Date: 03-21-91 Printed 01/04/EO Test Nc./Type:. S03211405KCL Isokineticity 2 I
 s
 

Sanple Location: STACK Start.'Sto? Time: 1405-1533 Metered Saeple 6as Volume (scf) Vtm std) s 72Tji
 
(SCO) V(9 std) s 2.0S3
 

PARAMETER SYMBOL VALUE Stack Gas Flow, std cond. (dscfm) 0(s) = 1179
 
(calc.) std cond. (dsca/cin)0(s) = 33.4
 

No::le Diaaeter, Actual (in) N(d! 0.376 actual (acfo) Q(a) = 1809
 
Pitot Tube Correction Factor C(p) O.B4 actual (aca/ain) 9(5) = 51.2
 
Eas Meter Correction Factor (alpha) 1.02 Particulate Loading, dry (gr/dscf) C(s std) = 0.0212
 
Stack (Duct) Dimensions (in): " 871 02(ar/dscf) C(s std) = 0.0227
 

Ĉ 
r
Radius (if round) P. e 72 02(og/dsco) C(s std) u*
 
Length (if rectangular) L Particulate Emission Rate (Ib/hr) E(p) = 0.215
 
Width (if rectangular) U (kg/hr) E(p) = 0.097
 

Area of Stack (sq ft) A(s) (1.06901 )
 
Stack Sas Water Vaoor Proportion B(wo) 0.253

I of Sacole Points I 12 Molecular Height of Stack Gas. Dry tt(d! 29.61
 s
 

Total Sasslin? Tine (sin) (theta) ( 84.00 ) ' Wet H(s) 2i.£5
 
Tft ie
 Earsairi: Pressurs (in Ha) P(b) 30.09 Stack Pressure, absolute (in Ho! P(s) =

=
 

VV. 4W
 

Stack Prssiure (in K2C! P(stsck) 0.3 Averaoe Stack Velocity (ft/sec) V(£ avc) = 23.2
 
Sas Meter Initial Reading -cu ft) 19.743
 
Eas Meter Final Rssdirg (cu ft) 97.733
 
Net Sas Simple Voluae ~(:u ft) Via) ( 77.99 )
 

Vol of Licuid C:; ls:t=d (el) VI !c) 523.24
 
Vol :f Lie 3 Std. Condi, (scf) V(w std) ! 24.S64 )
 
at. cf Filter Particulars (go) 0.0913
 
«t. of °rct5 ;r=sh :';rti:ul5:e (5=' 0.01
 
Ut of C3;t,b:.-;?o Farticulate (ons! M(p) ( 0.1013 )
 

E Ccncentratian !by 7.9
 
C32 Ccncsntraticr, (by CEM! 8.1
 
IT! (•„.,,- -.t-.*.„.. ft,, TM',
 
WW UWItfeCJI •! a««M<l l«J Wtollt 0
 
N2 C=r.csr,tratic.n ibv aiff.) ( 84.00
 

Sucle dClo:k Vsicrity Orifice Stack Gas Meter SBRT(dP) FIELD DATA AVERAGES FOR SAMPLE i S03211405HCL 
Point Tiae Kssi, dP Meter. dH leap Tscp (dsoF) 

(air,} (in H22) (in K2C! (degF) in out Velocity Head Cue) dP!svg! = 0.203 

1 7 0.2 n ̂  
w» *. 150 94 95 0.4472 Orifice Meter Reading ("HC) dH(avo) = 3.253 

^ 
7 
^ 

0.2 •• * 
w«. 151 115 9B 0.4472 
? *>
 3
 

4
 

5
 
6
 

a
 
tt.
 

^
V
 

4
 

i
1

î
1 
1 
1
1
 

0.2
 150 128 101
 0.4472 Stack Temoerature (deg F)
 T(s avg) = 150.3
 
w't —
 

0.21 3.4 150 136 104 0.4533 (deg C) T(s avg) = 65.7
 
T c;
 0.22 15C 136 106 0.4690
 <w>* «J
 

0.2 3.2
 150 137 106 0.4472 Meter Temperature (deo F) T(a avg) = 118.6
 
0.2 3.2 150
 133 108 0.4472 (deg C) T(o avo) = 43.1
 

T ̂ 
0.2 v*«. 151 137 109 0.4472
 
0.21 3.4 150 139 112 0.45S3 Root-Mean-Square dP ("we) SORT(dP) = 0.451
 

•• -5
 0.2 w. A 150 139 111 0.4472
 1 
i
1
 

0.2 -.v»i• 151 139 112 0.4472
 
0.2 3.2 150 139 112 0.4472
 

— "™"
 

«̂ ««
 

_!«« 

™^™*
 

mM •*
 84 2.44 39. 1CCO 1803.0 1572.0 1274.0 5.4105
 ru.3
 

1 

5 
6 



Newbedford Harbor
 
Cascade Iipactor Data
 

Plant: IRF Pertoned by: 6.HILL 
Date: 3-19-91 Test Ho./Type: A03191123CASCftDE 
Sasple location: fl.B. Start/Stop Tiie: 1123-1218 

Saapling Data Cu«. Z ECD log log 
Stage Catch dg) I Less Than dicrons) ECD CUB. I 

t~ tl B6= 
rr
JJ 

Vt= 25.47 1 0. 0 0. 0 100 .0 11.7 1.068185 2 
Pb= 30.09 2 0. 2 0. 2 99 .B 9.7 0.986771 1.999008 
Ts= 2062 3 1 6 3. 0 96 .8 6.6 0.319543 1.935903 

2E*.St= -0.07 4 0. 8 0. 9 95 .9 4.5 0.653212 1.981796 
Ta= 107.5 5 1. 5 1. 7 94 .2 2.9 0.462397 1.97:980 

Delta h= 0.8 6 0. 2 0. 2 94 .0 1.4 0.146126 1.972927 
EeJta p= 0.07 7 4. 1 4. 7 89 .3 0.90 -0.04575 1.950762 

Dn= 0.468 8 5. 5 6. 3 83 .0 0.61 -0.21467 1.919131 
A isokin= 94.4 Backup 72. 8 83. 0 0.0 0.61 -0.21467 -13.5463 
IBB ACFH= 0.4S Total 87. 7 100. 0 
val-:d>= 26.44 
aS'£CE= 163.38 



Nexbedford Harbor
 
Cascade lipactor Data
 

Plant: IRF Perforied by: S.HILL 
Date: 3-21-91 Test Ho./Type: A03211517CASCADE 
Sasple location: A.S. Start/Stop Ti§e: 1517-1604 

aatpling Data Cuit. Z ECD log log 
Stage Catch isg) LEES Than (•icrcns) ECD Cut. I 

E-tiie= 47 
Va= 25.24 1 0.0 0.0 100.0 11.7 1.06B1B5 
Pb= 29. SB 2 2.8 1.4 98.6 9.7 0.986771 ,993858 
Tss 2060 3 6.2 3.1 95.5 6.6 0.819543 ,979941 

Sstst= -0.07 4 9.4 4.7 90.8 4.5 0.653212 ,957953 
Ti» 104.5 5 3.7 1.9 88.9 2.9 0.462397 ,948953 

Delta h= O.B 6 6.5 3.3 85.7 1.4 0.14612B ,932762 
Delta p* 0.07 7 14.2 "l 1 

/ • -i 78.5 0.90 -0.04575 ,895066 
Dn= 0.475 B 13.0 6.5 72.0 0.61 -0.21467 ,857429 

Z i£Dkiri= 105.7 Backup 143.6 72.0 0.0 0.61 -0.21467 ERR 
Isp fiC?H» 0.56 Total 199.4 100.0 
Va(s:dJ= 26.20 
ag/s:c= *74.S4 



Nenbedford Harbor
 
Cascade lipactor Data
 

Plant: IRF
 
Date: 3-15-91
 
Saeple location: A.B.
 

Sampling Data
 
Stage
 

E-tiae= 60
 
Vs= 31.55 1
 
Pb= 30.19 2
 
Ts= 2060 3
 

Sstat= -0.07 4
 
c
Ta= 108
 

Delta h= O.S 6
 
Delta p= 0.07 7
 

Dn= 0.470 8
 
1 Isokip.s 104.4 Backup
 
Isp ACFfl= 0.55 Total
 
Vaistd!= 32.76
 
flg/sca* 115.65
 

Catch lag)
 

3.4
 
4.7
 
9.5
 
10.9
 
4.0
 
0.0
 
0.4
 
2.9
 

41.1
 
76.9
 

Performed by: S.HILL
 
Test No./Type: ft03151225CASCADE
 
Start/Stop Tiae: 1225-1325
 

Cui. I ECD log
 
Less Than liicrons) ECD
 

4.4 95.6 11.7 
6.1 89.5 9.7 
12.4 77.1 6.6 
14.2 62.9 4.5 
5.2 57.7 2.9 
0.0 57.7 1.4 
0.5 57.2 0.90 
3.3 53.4 0.61 
53.4 0.0 0.61 
100.0 

log
 
Cua. 1
 

1.9B0360
 
1.951662
 
1.387128
 
1.798919
 
1.761456
 
1.761456
 
1.757526
 
1.727915
 
-13.8473
 

1.068185
 
0.986771
 
0.819543
 
0.653212
 
0.462397
 
0.146128
 
-0.04575
 
-0.21467
 
-0.21467
 



APPENDIX E
 

CALCULATIONS SUPPORTING
 
WASTEWATER EFFLUENT LIMITS
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diet critical condition mixing and to provide the coeffi
cients needed for that WLA model. 

General Recommendations for Outfall 
Design 

Surface discharges at the shoreline of a waterbody are 
not recommended for toxic discharges. They usually 
have an impact along the shoreline when there is a sig
nificant crossf low, and they yield high surface concen
trations. 

Submerged discharges offer more flexibility in meeting 
the design goals for toxic discharges. They may be in 
the form of a single pipe outlet or of multiport diff users, 
giving rise to one or several submerged discharge jets. 
Submerged multiport discharges do, however, have cer
tain limitations in their use. They are not feasible in very 
shallow waterbodies or where periodic dredging or con
siderable scour and deposition occurs. 

Specific design objectives for submerged discharges 
should be to avoid direct surface impingement and bot
tom attachment of the submerged jet or jets. Surface 
and bottom impacts should be evaluated at critical 
design conditions (low flow or high stratification) and 
at off-design conditions (higher flow or lower stratifi
cation) in order to ensure the best placement and 
design of the diff user. Multiport diff users provide more 
dilution than single outlets, but the alignment of the 
diffuser with the receiving water flow direction 
influences how much dilution will be provided. If the 
outlet structure is directed parallel to the direction of 
flow, dilution under high ambient velocities (off-design 
conditions) may be worse than under low velocities 
(critical design conditions). Some of the complexities 
of multiport diffusers have been summarized by Jirka 
[121. Roberts (131, and Holley and Jirka 1111. 

In rivers the preferred arrangement for a submerged dis
charge is to direct the outlet into the flow direction or 
vertically upward. In order to deal with the reversing 
currents of estuaries and coastal bays, the preferred 
arrangements for offshore discharges are parallel 
diffuser alignment (tee diffuser) or perpendicular 
diffuser alignment (staged diffuser) [121. In lakes and 
reservoirs, the preferred arrangement for a negatively 
buoyant discharge is to direct the diffuser vertically 
upward. A positively buoyant, vertically directed jet 
could penetrate stratification, so the preference for this 
discharge is to orient the diffuser at a slight angle above 
the horizontal. 

River and Run-of-river Reservoir Analyses 

Rivers and run-of-river reservoirs are waterbodies that 
have a persistent through-flow in the downstream 
direction and do not exhibit significant natural density 
stratification. Interim recommendations on lexicolog
ically based design flows for mixing zone and com
pletely mixed steady state modeling of rivers are 

described in Appendix D of this document. Run-of-river 
reservoirs with residence times less than 20 days at 
critical conditions should also be analyzed using these 
design flows [14], Regulated rivers may have a mini
mum flow in excess of these toxicological flows. In 
such cases, the minimum flow should be used in WLA 
modeling. 

When a waste is discharged into a river, any discharge-
induced mixing (i.e., mixing associated with the 
momentum and/or buoyancy of the effluent) occurs 
first. The second stage of mixing is controlled by 
ambient turbulence. The ambient mixing first accom
plishes mixing over the depth, if this was not provided 
by the discharge-induced mixing, and then ambient 
mixing accomplishes mixing over the width. A final 
stage occurs after the waste is fully mixed throughout 
the cross-section. For nearly steady state conditions in 
rivers, the concentration distribution in this final stage 
is influenced primarily by the flow velocity and any 
biochemical and physico-chemical processes. 

Models for Discharge-induced Mixing 
The first stage of mixing is controlled by jet momentum 
and buoyancy. This stage generally encompasses most 
of the regulatory mixing zone. Especially in shallow 
environments, it is important to ascertain whether near 
field instabilities occur. These instabilities, associated 
with surface and bottom interaction and localized recir- » 
culation cells extending over the entire water depth, 
can cause build-up of effluent concentrations. Criteria 
for these instabilities and specialized predictive models 
have been developed [11.12J. 

In the absence of near field instabilities, horizontal or 
nearly horizontal discharges will create a clearly defined 
jet in the water column that will initially occupy only 
a small fraction of the available water depth. The fol
lowing equations and models are designed for such sta
ble near field conditions. 

A minimum estimate of the dilution available in a mix
ing zone can be made using this equation: 

S = 0.31 f 

Where S = flux-averaged dilution 
s = distance from outlet to edge 

of the mixing zone 
D = diameter of outlet 

The equation provides a minimum estimate of mixing 
zone dilution because it is based on the assumptions 
that ambient velocity is zero and that the discharge is 
neutrally buoyant. The equation also assumes that the 
jet is strong enough to reach the edge of the mixing 
zone. The same equation can be used to estimate the 
minimum dilution within the mixing zone before the 
CMC must be met to prevent lethal conditions. 

Mixing graphs that include the effect of discharge 
buoyancy and ambient velocity can be found in Holley 
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a) calculate the Maximum Daily permit limit as: 
1 + z"' Maximum Daily — e1'

where: 

Z = 1.645 for the 95th percentile 
Z = 2.326 for the 99th percentile 

and: 

At = In (LTA) - .5(j2 

a2 = In (CV2 + 1) 

b) calculate the Average Monthly permit limit (^ 
and Z described above) as: 

Average Monthly = e^ - + z"»' 

where: 

/xn = n + (a* - a2)/2 

and: 

a* = In [1 + {(e"'- 1)/n)l 

n = number of effluent sampling 
observations per month 

Simplified Limit Derivation Procedure 

To increase the ease of application of this permit limit 
derivation procedure, Table 3-1, was developed. It 
provides sets of multipliers which accomplish the 
same result as the equations above: translating 
steady-state model outputs into LTAs and deriving 
permit limits based on the limiting LTA. The procedure 
in Table 3-1 can be used for permit issuance on a 
routine basis. 

Table 3.1. Permit limit derivation process for routine application 
of the procedure described in Subsection 3.1 .A. 

Step 1. Convert the acute WLA from TU, to TUC by multiplying the 
TUa by an appropriate acute-chronic ratio (ACR). Use 10 if 
unknown. 

Step 2. Convert the acute and chronic WLAs into LTA values for the 99th 
percentile by multiplying the two WLA values by the appropriate 
multiplier in the multiplier table below. Use a coefficient of vanation (CV) 
of 0.6 where the CV is unknown or calculate a CV usinq available data. 

Multipliers of WLAs to get: 
CV 

LTA, LTA 
n =4 

c for WLA average 
n = 7 n 

(n) 
= 30

0.4 0.44 0.64 0.71 0.85 
0 6 0.32 0 53 0.61 0.78 
0.8 0.25 0.44 0.52 0.72 
1 0 0.20 0.37 0.46 0.67 
1 2 0.17 0.32 0.40 0.62 
1.5 0.14 0.26 0.34 0.55 
2.0 0.12 0.20 0.26 0.47 

*30 day average values are recommended for ammonia and 
carcinogens in specific circumstances. 

Step 3. Select the lower LTA. This value is the more limiting for 
the plant in question. Two permit limits are calculated from this 
limiting LTA. 

Step 4. Calculate the Maximum Daily and the Average Monthly permit 
limits for the 95th and 99th percentile by multiplying the LTA by the 
appropriate multiplier in the multiplier table below. Use a coefficient of 
variation (CV) of 0.6 where the CV is unknown or calculate a CV using 
available data. 

Multipliers of LTA for 95% limits 

Max Average Monthly limit for nCV 
Daily samples per month 
limit n=4 n= 7 n= 20 n = 30 

0.4 V.75 1.36 1.27 1.15 .12 
0.6 2.13 1.55 1.41 1.23 .<19 
0.8 2.48 1.75 1.56 1.32 :26 
1.0 2.78 1.94 1.71 1.40 .33 
1.2 3.03 2.14 1.86 1.49 .39 
1.5 3.31 2.40 2.07 1.62 .50 
2.0 3.61 2.78 2.41 1.84 .68 

Multipliers of LTA for 99% limits 

Max Average Monthly limit for nCV 
Daily samples per month 
limit n =4 n= 7 n= 20 n= 30 

0.4 23 1.6 1.4 1.2 1.2 
0.6 3.1 13 1.6 1.4 13 
0.8 4.0 23 13 15 1.4 
1.0 A3 2.7 22 1.6 15 
1.2 53 3.1 25 13 1.6 
1.5 63 33 3.0 2.0 13 
2.0 8.6 43 33 25 Z1 

Rationale for Using This Permitting Procedure 

This permit limit derivation procedure is strongly 
recommended for implementing both narrative and 
numeric State water quality standards for the follow
ing reasons: 

First, it provides a mechanism for setting permit limits 
which will be lexicologically protective. When a 
steady state WLA is established, there is an inherent 
assumption that the effluent is not variable and thus 
will never exceed the calculated value. It is clear that 
effluents, however, are extremely variable. Therefore, 
permit limits are established using a value correspond
ing to a percentile of the required probability distribu
tion of the effluent (usually the 95th percentile). If the 
WLA is established as a value never to be exceeded 
and permit limits are commonly calculated to reflect 
the 95th percentile, the possibility for water quality 
impact exists if the WLA is simply adopted as the per
mit limit. The parameter controlled by a permit limit 
directly adopted from the WLA will vary in concen
tration above and below the concentration intended 
to be the permit limit. The permit limit derivation pro
cedure recommended in Subsection 3.1 .A allows the 
calculation of permit limits to reflect the different 
bases for steady state WLAs and permit limits. 

Second, this procedure allows the comparison of two 
independent WLAs to determine which is more limiting 
for a discharge. This is necessary because there are 
two numbers for protection against two types of toxic 
effect; short term acute effects and longer term 
chronic effects. Each criterion is applied under dif
ferent mixing conditions for different durations. Acute 
effects are stringently limited based on one hour 
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Special Conditions
 

Compliance Biomonitoring Requirements for Part I Toxicity-Based Permit Limitations
 

The permittee shall perform toxicity tests, as describ
ed below, on the discharge from outfall(s) . 

1.	 The permittee shall initiate the following series of 
tests within days of the effective date of this 
Part to evaluate wastewater toxicity. Such testing 
will determine if an appropriately dilute effluent 
sample affects the survival, reproduction, or 
growth of the test organisms. All tests will be 
conducted on 24-hour composite samples of 

% final effluent. A minimum of four replicates 
will be used in each of the following tests. The 
Student's t test shall be used to determine 
whether differences in control and effluent data 
are significant. 

a.	 The permittee shall conduct a 7-day Cerio
daphnia survival and reproduction test on 
samples of % final effluent (diluted by 
appropriate control water). Toxicity will be 
demonstrated if there is a statistically significant 
difference at the 95% confidence level in sur
vival or growth between Ceriodaphnia exposed 
to an appropriate control water and % final 
effluent. All test solutions shall be renewed 
daily. If, in any control, more than 20% of the 
test organisms die, that test (control and 
effluent) shall be repeated. 

b.	 The permittee shall conduct a 7-day fathead 
minnow larval survival and growth test on 
samples of % final effluent (diluted by 
appropriate control water). Toxicity will be 
demonstrated if there is a statistically significant 

difference at the 95% confidence level in sur
vival or growth between Pimephales promelas 
exposed to an appropriate control water and 

% final effluent. All test solutions shall be 
renewed daily. If, in any control, more than 20% 
of the test organism die, that test (control and 
effluent) shall be repeated. 

2.	 The toxicity tests specified in Paragraph (1) above, 
shall be conducted once every month for a period 
of one year following initiation of the tests and 
once every 6 months thereafter for the duration 
of the permit. Results shall be reported according 
to EPA/600/4-85/014, Section 10, Report 
Preparation, and shall be submitted to EPA with 
the monthly discharge monitoring report. If any 
one test indicates the presence of toxicity, another 
confirmatory chronic toxicity test using the 
specified methodology and same test species shall 
be conducted within 2 weeks. 

3.	 All test organisms, procedures and quality 
assurance criteria used shall be in accordance with 
Short-term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Waters to 
Freshwater Organisms, Section 13; Ceriodaphnia 
Survival and Reproduction Test Method 1002.0, 
Section 11; Fathead Minnow (Pimephales 
promelas) Larval Survival and Growth Test Method 
1000.0, EPA/600/4-85/014. The selection of an 
appropriate control water for the toxicity tests 
shall be submitted to EPA for review and approval 
prior to use. 

r
 



MASSACHUSETTS WATER QUALITY STANDARDS
 

IMPLEMENTATION POLICY FOR THE CONTROL OF
 

TOXIC POLLUTANTS IN SURFACE WATERS
 

February 23, 1990
 

Summary:
 

1.	 This policy applies to all toxic pollutants. It includes a separate
 
section on chlorinated discharges.
 

2.	 Effluent limits for toxic pollutants shall be derived in three ways:
 
1) the water quality criteria; 2) recommended limits; and 3) site-specific
 
limits. The latter two are established through the permit process.
 

3.	 The Division has identified a number of sources for recommended limits and
 
methods to establish Bite-specific limits. Final effluent limitations
 
shall be based on the most sensitive water use for the receiving water
 
Class as determined by the Division.
 

4.	 Whole effluent toxicity testing will be used to complement specific
 
chemical testing. At high dilutions, limits will be based on mixing zone
 
considerations; acute testing is used. At low dilutions receiving waters
 
become water-quality limited; chronic testing is used in these cases.
 

I. Introduction
 

Toxic pollutants are broadly defined as any substance or combination of
 
substances that are capable of producing an adverse effect to an organism or its
 
off-spring. The effect may be the result of direct or indirect exposure and may
 
injure structure, or function, or cause death to the organism. These pollutants
 
include, but are not limited to, those identified in 314 CMR 3.16. This list
 
corresponds to Section 307(a) of the Federal Clean Water Act which lists 65
 
compounds and families of compounds (which potentially include thousands of
 
specific compounds) as toxic pollutants. EPA has interpreted that list to
 
include 126 priority pollutants for regulatory purposes. EPA's "Gold Book" 
Quality Criteria for Water 1986, EPA 440/5-86-001 - contains information and
 
recommendations for these compounds.
 

The purpose of this policy is to set the Division's goals with regard to toxic
 
pollutants, interpret the water quality standards, and explain the use of
 
biotoxicity tests in the permit process.
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II. Goals
 

The objectives for the control of toxic pollutants are to:
 

1. protect public health;
 
2. protect aquatic life and wildlife; and
 
3. prevent the accumulation of toxic substances in toxic, amounts.
 

The protection of public health encompasses such water uses as public drinking
 
water supply, primary contact recreation and secondary contact recreation.
 
Protection of aquatic life and wildlife refers to both short-term (acute) and
 
long-term (chronic) protection. Prevention of the accumulation of toxic
 
pollutants refers to the concentration of pollutants in sediment and/or biota
 
that may eventually become toxic and cause an adverse effect to human health or
 
aquatic life. The edibility of fish and shellfish for both commercial and
 
recreational use are included in this goal.
 

III. Water Quality Standards
 

The Surface Water Quality Standards use both narrative and numerical criteria
 
to control toxic pollutants. This is necessary because relatively few numerical
 
criteria have been established for the vast number of potentially toxic
 
substances. Narrative criteria also add necessary flexibility to the regulation.
 
The blanket application of numerical criteria to all waters under all
 
circumstances ie not always prudent or reasonable. Severe economic impacts may
 
occur if the Division does not exercise some authority to establish site-specific
 
criteria.
 

Water quality criteria are found in Section 4.05 of the Surface Water Quality
 
Standards. Each water use Class carries eight parameters with criteria specific
 
to that Class. These include (1) Dissolved Oxygen, (2) Temperature, (3) pH, (4)
 
Fecal Coliform Bacteria, (5) Solids, (6) Color and Turbidity, (7) Oil and Grease
 
and (8) Taste and Odor. These are generally considered "conventional pollutants"
 
as defined by the Federal Clean Water Act. Four additional criteria applicable
 
to all waters (not Class-specific) are presented in Subsection (5). Of these,
 
Section 4.05(5)(e) contains the main narrative criteria for "toxic pollutants".
 
The narrative divided into four parts (1) Recommended Limits, (2) Site-Specific
 
Limits, (3) Accumulation of Pollutants and (4) Public Notice.
 

The narrative states that where the Division determines that a toxic pollutant
 
is of concern, and no criterion is specified in the regulation, then the Division
 
will use a recommended limit. A recommended limit is a proposed criterion from
 
an authoritative source. The main source of recommended limits is EPA's "Gold
 
Book". However, where appropriate, the Division may use other sources such as
 
the Massachusetts Drinking Water Regulations (310 CMR 22.00) or the Federal Food
 
and Drug Administration's Action Levels for fish and shellfish. In this respect
 
recommended limits function exactly like criteria except that they are listed
 
and documented by these other authoritative sources. Incorporating these limits
 
by reference is appropriate for they are firmly established and widely used
 
publications and it is not necessary to reproduce them within the regulations.
 



Where recommended limits are not available for a pollutant of concern the
 
Division shall establish a. site-specific limit. Site-specific limits are also
 
appropriate when local conditions are so different than those used to develop
 
a recommended limit or criterion, that the recommended limit is deemed invalid.
 
Site-specific limits may be established to account for some unique aspect of the
 
local situation such as background water chemistry or the presence absence of
 
particular water uses. The major source of site-specific limits are (1) DEP's
 
Office of Research and Standards and (2) safe exposure levels determined by
 
toxicity testing using methods approved by the Director. Toxicity testing
 
requirements are detailed in Part V of this policy.
 

Part three of the narrative explains that, where necessary, the Division will
 
employ an additional margin of safety when establishing effluent limits to
 
prevent pollutants from accumulating to toxic levels in the environment. This
 
means that the Division's "fishable" goal includes edibility. Effluent limits
 
shall be established to assure that fish, shellfish and other aquatic life are
 
suitable for consumption. It also means that toxic pollutants that accumulate
 
to levels that are toxic to aquatic life shall be controlled. Where a specific
 
chemical is known to bioaccumulate, more stringent limits than those required
 
by the toxicity testing requirements may be required.
 

Two	 important points are made in the narrative:
 

1.	 There is no blanket application of recommended limits. Recommended limits
 
and site-specific limits are established case-by-case based on the
 
Division's perception of the pollutants of concern and the potential
 
impacts;
 

2.	 Recommended limits and site-specific limits are not established as
 
permanent criteria within the regulation. They are used to establish
 
permit limits or regulate abatement actions where criteria are unavailable
 
or invalid. Therefore, they last only for the life of the permit or
 
abatement action. They are subject to revision when the permit is renewed.
 
This may occur, for example, as the Gold Brook is revised, or other new
 
information becomes available to the Division.
 

Part four of the narrative provides for public input. In all cases recommended
 
limits and site-specific limits undergo intergovernmental and public review as
 
part of the permit process. This means that the limit ie reviewed in its proper
 
context, as part of the particular permit or abatement action in question.
 

IV.	 Interpretation,of the Narrative Criterion
 

Table I is provided to summarize the information necessary to interpret the
 
narrative. Each water use Class is listed in a column. Based on the specific
 
designated uses for each Class, those categories that have a potential for toxic
 
problems are indicated by X's. Toxic problems are divided by the Division's
 
three goals - human health, aquatic life and bioaccumulation. Human health is
 
further subdivided into four major exposure routes: 1) drinking water ingestion,
 
2) dermal contact and 3) inhalation; and 4) fish ingestion. Aquatic life is
 
subdivided into acute and chronic effects.
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TABLE I
 

SOURCES OF RECOMMENDED AND SITE-SPECIFIC LIMITS
 

HUMAN HEALTH AQUATIC LIFE 

CLASS 
DRINKING
WATER

 DERMAL 
 CONTACT INHALATION 

FISH 
INGESTION ACUTE CHRONIC 

A 
B 
C 
SA 
SB 
SC 

X
(X)
 X 

X 

(X) 
X 
X 

(X) 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

CRITERIA
 

1. Gold Book X X X X
 -

2 . ORS X* X* X*
 

- - X - 

Levels
 
3. FDA Acton
 

4. MA DWR X 
—
 —
—
 

"
 
(SDWA)
 

X* X*
 5. MA SWQ
 
—
— —
 

X = Area of Concern
 
1. Gold Book = Quality Criteria for Water 1986
 (X) = MLnor Application
 
2. ORS = Office of Research and Standards
 X* = Site-Specific Limit
 
3. FDA = Federal Food and Drug Administration
 
4. MA DWR = MA Drinking Water Regulations
 
5. MA SWQ = Surface Water Quality Standards
 

BIOACCUMULATION
 

X
 
X
 
X
 
X
 
X
 
X
 

-

-


—
 

—
 

X*
 

-J
 

o
 
T)
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From the chart it can be seen that some problems, such as chronic toxicity to
 
aquatic life, are universal throughout the classes. Other problems, such as
 
drinking water ingestion are limited to Class A waters (note that some Class B
 
waters are designated supplies with appropriate treatment).
 

In the bottoir. half of the chart, the potential sources of recommended limits and
 
site-specific limits are identified. There are five basic sources: 1) EPA's
 
Gold Book; 2) the Massachusetts Department of Environmental Protection's Office
 
of Research and Standards; 3) Federal Food and Drug Administration's Action
 
Levels; 4) the Massachusetts Drinking Water Regulations (310 CRM 22.00); and 5)
 
the Massachusetts Surface Water Quality Standards (314 CMR 4.00). When these
 
sources are exhausted other sources may be used.
 

A. Protection of Human Health
 

When drinking water ingestion is a perceived problem, as it is in Class A waters
 
(and to a minor extent in Class B waters), two sources of recommended limits are
 
available: EPA's Gold Book and the Massachusetts Drinking Water Regulations.
 
Both sources rely heavily on Maximum Contaminant Levels (MCL's) from the Federal
 
Safe Drinking Water Act.
 

Other human health exposure routes are universally applicable to all Classes
 
except for dermal contact. Dermal contact has only a minor application in Class
 
c and class SC waters because they are designated for secondary contact
 
recreation only. Recommended limits for fish ingestion are provided in the Gold
 
Book and the FDA Action Levels. These can be expressed either as safe levels
 
in the surface water or a concentration in the fish or shellfish flesh. Of the
 
latter, these are sometimes expressed for either the whole organism or the edible
 
portions alone. Recommended limits for dermal contact and inhalation are
 
unavailable. Therefore, the Division shall establish site-specific limits as
 
necessary. The Division shall rely on methodologies and recommendations of the
 
Office of Research and Standards for setting these limits.
 

When a pollutant of concern is a carcinogen, an excess lifetime cancer risk
 
(ELCR) must be selected to determine a limit. EPA has estimated risk levels of
 
10~ , 10~ , and 10 in its Gold Book under one set of exposure assumptions. The
 
Division shall use a risk management goal of 10 for individual chemicals and
 
10 for mixtures of chemicals. Application of these recommended limits for
 
monitoring ambient water quality shall be tempered by consideration of the
 
practical quantitation limit (PQL) for these parameters. In cases where the PQL
 
is greater than the concentration of the chemical in water set on the basis of
 
cancer risk, the PQL shall be used for evaluation of ambient water quality and
 
enforcement purposes.
 

When the Division evaluates specific wastewater discharges, the health-based
 
concentration shall be used as the goal for discharge limits. The Division
 
reserves the right to consider costs and availability of waste treatment
 
technologies when applying the health-based number to effluent limits. It is
 
also understood that these management goals are based upon lifetime human
 
exposure assumptions. Should the projected exposure scenario not concur with
 
this assumption, then the risks may be managed differently.
 



B. Protection of Aquatic Life
 

Protection of aquatic life LB universally applicable to all Classes of surface
 
water. Since the chronic limit is always equal to, or more stringent than, the
 
acute limit, it becomes the controlling factor. Furthermore, as a general rule,
 
aquatic life limits for non-carcinogens are more stringent than human health
 
limits. Therefore, waterbodies can often be protected for both human health and
 
aquatic life by using the chronic limit. (As noted, this general rule does not
 
apply to pollutants that are carcinogens). The Gold Book has recommended chroxic
 
exposure limits for 34 of the 126 priority pollutants. When limits arc not
 
available or considered unapplicable because of site-specific conditions, a
 
toxicity limit is applied to the discharge. When effluents do not exceed the
 
specified limits for toxic units (based on aggregate toxicity measured Jay a
 
biotoxicity test) they are considered in compliance with chronic toxicity
 
requirements of the regulations.
 

C. Prevention of Bioaccumulation
 

Prevention of bioaccumulation is the third goal. Bioaccumulation results from
 
pollutants persisting in the environment and accumulating in biota or food ciiains
 
to become potential toxic problems. The bioaccumulant may affect either toman
 
health or aquatic life. The fish ingestion exposure route addresses only a part
 
of this goal. Pollutants may accumulate in plants or animals to a degree that
 
adversely affect the organism, its offspring or the food chain. Recommended
 
limits for protection from bioaccumulation are largely unavailable because each
 
problem has many complicating site-specific factors. Therefore, site-specific
 
liir.its must be established. The narrative empowers the Division to use an
 
appropriate additional margin of safety when developing effluent limitations to
 
account for the adverse effects of bioaccumulation. The Division snail «se
 
bioconcentration factors established in the literature, Octanol-Water partition
 
coefficients and other relevant sources of information to establish site-specific
 
limits for pollutants that bioaccumulate.
 

v. Toxicitv Tests in the Permit Process
 

A. Background
 

Toxicity tests are a means to determine the adverse affects of a chemical or a
 
complex effluent using living organisms. The tests measure the degree of
 
response of an exposed test organism to a specific chemical or effluent. It is
 
the method of choice for analyzing effects to aquatic life because:
 

1.	 Ef:'1uents could contain chemicals that may be overlooked in specific
 
chemical testing. Toxicity testing measures the response to a wiole
 
effluent without concern for its specific chemical makeup;
 

2.	 Combinations of chemicals may have additive, synergistic or antagonistic
 
effects. These effects generally unpredictable from chemical specific
 
testing but are measured directly with toxicity testing; and
 



3.	 The bioavailability of toxic pollutants may vary with Bite-specific
 
factors. For example, the toxicity of certain heavy metals may vary with
 
the hardness of the water. These factors can be addressed by using site
 
water for dilution.
 

Toxic effects to aquatic life can be either short-term or long-term. Short-

term, or acute effects are evinced in a few days. Long-term, or chronic effects,
 
are more subtle and may involve the impairment of an organism's competitive
 
ability, survival behavior or reproductive potential.
 

The Division recommends specific tests and methodologies for the measurement of
 
acute and chronic toxicity. At least two species (usually a vertebrate and
 
invertebrate)are required. The results of the most sensitive test are used for
 
enforcement purposes. The specific organisms, laboratory procedures and quality
 
and control measures are referenced in Attachment 1.
 

In terms of biotoxicity tests the Division interprets its narrative criterion
 
for the protection of aquatic life to mean that the acceptable receiving water
 
concentration whole effluent toxicity is the highest measured continuous
 
concentration of an effluent that causes no observed acute or chronic effect on
 
a representative standard test organism. This is referred to as the No Observed
 
Effect Concentration (NOEC). Therefore at critical conditions, the NOEC measured
 
in percent must be greater than or equal to the receiving water concentration
 
(RWC) of effluent in percent by volume:
 

NOEC > RWC
 

Critical conditions for inland rivers and streams are defined by the standards
 
as the lowest average flow for seven consecutive days to be expected once in ten
 
years (7Q10). For lakes, ponds, and for marine waters, critical conditions are
 
more difficult to define and must be established case-by-case.
 

As a general rule the Division prefers to use acute toxicity tests in the permit
 
process. The normal end point measured by the acute test is the LC5Q or the
 
concentration that is lethal to 50% of the test organisms. An LCcQ value,
 
measured in percent, represents the degree of toxicity on a inverse logarithmic
 
scale. A more convenient unit of expression is the toxic unit (T.U.). A toxic
 
unit is defined as 100 divided by the LC5Q:
 

T.U. = 100
 

LC50
 

Therefore an LC of 100% equals 1 T.U.
 

B. Effluent Limits
 

In order to determine the allowable effluent concentration of toxicity it is
 
necessary to know the dilution available to particular effluent. The dilution
 
factor is the ratio of the receiving water flow (Qr) plus the effluent flow (Qe)
 
to the effluent flow:
 

Or *
 ̂ e = dilution factor
 
Qe
 



The Division assigns effluent limits according to dilution factors based on
 
perceived risk.
 

Calculation of receiving water concentrations using dilution factors assumes
 
completely mixed conditions. Usually there is a transition distance where the
 
effluent concentration is diluted to the receiving water concentration. This
 
area or volume of the receiving water is referred to as a mixing zone.
 
Additional limits are often needed to protect mixing zones from toxic effects.
 

The standards allow mixing zones to exceed criteria so long as there is safe and
 
adequate passage for swimming and drifting organisms with no deleterious effects
 
on their populations. It is assumed that chronic toxicity is not a concern in
 
mixing zones because swimming and drifting organisms will not be in the zone long
 
enough for chronic exposure. Acute toxicity is a concern but is also dependent
 
on time-exposure relationships. In the absence of detailed site-specific time-

exposure histories for all important species, it is necessary to set a
 
conservative (non-time dependent) acute limit.
 

The recommended criterion to prevent acutely toxic effects is 0.3 T.U. This is
 
based on an adjustment factor of one-third used to extrapolate the LC^Q to an LC^
 
(concentration at which 1% of the test organisms die). In order to assure that
 
this limit is met within a short distance of the effluent pipe the Division has
 
established an end-of-pipe limit of 1.0 T.U. for dilution factors less than or
 
equal to 100 and 2.0 T.U. for dilution factors greater than 100.
 

•%•*•	 Table II takes mixing zone considerations and other effluent limitations into
 
account. It shows the allowable whole effluent toxicity limitations and testing
 
requirements based on available dilution at critical conditions.
 

At dilution factors less than 10, effluent toxicity poses a high risk to
 
receiving waters. These waters are considered water quality limited in that the
 
effluent limit of 1.0 Toxic Unit may not be stringent enough to protect receiving
 
waters. The Division requires both acute and chronic end points to be reported.
 
Two limits apply to the effluent: (1) the chronic test should result in a No
 
Observed Effect Concentration greater than or equal to the Receiving Water
 
Concentration (NOEC > RWC) and (2) the acute level should be lees than or equal
 
to 1.0 Toxic Unit (an LC5Q > 100%).
 

Dilutions from 10 - 100 have an effluent limit of 1.0 Toxic Unit. In the lower
 
portion of this range (from 10 - 20) waters may be water-quality limited if the
 
specific toxicants involved have high acute to chronic ratios. Therefore, the
 
Division requires chronic monitoring to assure that the effluent limitation is
 
adequate. In the range of dilution from 20 - 100 chronic monitoring is not
 
required. Waters with dilutions above 100 have an effluent limit of 2.0 Toxic
 
Units.
 

Recommended methods for toxicity testing are referenced in the Amendment to this
 
policy. Basically, the Division requires four (4) samples per year at dilutions
 
less than or equal to 100. Each sample is tested with two (2) test species.
 
At dilutions greater than 100, two samples per year are required.
 



TABLE II
 

WHOLE EFFLUENT TOXICITY
 

REQUIREMENTS FOR NPDES PERMITS
 

DILUTION FACTORJ EFFLUENT LIMITS" TESTING REQUIREMENTS 

< 10 NOEC > RWC 4 samples/year; 
1.0 Toxic Unit 2 species; 

Acute and chronic 
endpoints 

10  20 1.0 Toxic Unit 4 samples/year; 
2 species; 
Acute and chronic 
endpoints 

>20  100 1.0 Toxic Unit 4 samples/year; 
2 species; 
Acute endpoint 

>100 2.0 Toxic Unit 2 samples/year; 
2 species; 
Acute endpoint 

Notes; 1 Ratio of receiving water plus effluent flow to effluent
 
flow at critical conditions:
 

Qr + Qe
 dilution factor
 
O.e
 

2 Effluent limits apply to the total toxicity concentration
 
prior to mixing with receiving water. Limits are in Toxic
 
Units where:
 

100 = Toxic Units
 

LC50
 

and LC50 = Concentration lethal to
 
50% of the test organisms
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VI.	 Chlorinated Discharges
 

Chlorination ie a commonly used method of disinfection for wastewater
 
effluents because of its effectiveness and relative low cost. However,
 
chlorine is toxic to higher forms of life and its discharge to surface waters
 
may be damaging to aquatic life.
 

Three factors dictate a separate policy for the control of chlorine from other
 
toxic pollutants:
 

1) the potential benefits to water uses (swimming, shellfish, etc.) from
 
chlorination practices;
 

2) the nearly universal use of chlorine as a disinfectant at wastewater
 
treatment facilities in Massachusetts; and
 

3) the complex chemistry of chlorine and its reactiveness, that may rapidly
 
render it non-toxic by factors other than dilution.
 

The following policy is recommended in order to resolve the sometimes con
flicting goals of disinfection and protection of aquatic life in a practical
 
manner for the issuance of permits.
 

A. Disinfection Recruirements
 

Disinfection shall provide adequate protection for public health. Dis
infection of effluents containing pathogenic organisms shall be required:
 

1) year-round in segments designated for public water supply or shell-

fishing;
 

2) seasonally (April 1 through October 15) in segments designated for
 
primary contact recreation;
 

3)	 as necessary in other waters where the Division determines there is a
 
public health need.
 

B. Dechlorination or Alternative Disinfection
 

Aquatic life shall be protected from the harmful effects of disinfection by-

products. High risk categories include areas with low dilution or areas with
 
particularly sensitive species. Dechlorination or alternative means dis
infection shall be required:
 

1)	 in segments with dilution factors less than 10;
 

2)	 in segments designated cold water fisheries.
 

These requirements will be implemented through the facilities planning process
 
for municipal discharges or at the time of permit application for industrial
 
discharges.
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C. Water Quality Criteria
 

EPA criteria shall be used to establish acceptable receiving water levels of
 
residual chlorine. Total maximum daily loads shall be based on an allowable
 
receiving water concentration of 0.01 mg/1 Total Residual Chlorine (TRC).
 
This level may be exceeded:
 

1) within authorized mixing zones; or
 

2) where Bite-specific alternative criteria have been established by the
 
Division.
 

D. Effluent Limitations
 

Waters shall be protected from unnecessary discharges of excess chlorine. In
 
segments with dilution factors greater than 100, the maximum effluent con
centration of chlorine shall not exceed 1.0 mg/1 TRC.
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AMENDMENT
 

RECOMMENDED METHODS FOR TOXICITY TESTING FOR NPDES PERMITS
 

Inland Waters
 

Acute Test
 

- 48-hour Ceriodaphnia dubia static teat
 
- 48 hour Pimephales promelae static test
 

Chronic Testa
 

- 7-day Ceriodaphnia dubia static renewal test
 
- 7-day Pimphales promelas static renewal test
 

Coastal and Marine Waters
 

Acute Tests
 

- 48-hour or 96-hour Mysidopsis bahia static test
 
- 48-hour or 96-hour Cyprinodon varieqatus static test
 

Chronic Tests
 

- 7-day Cyprinodon varieoatus survival and growth test
 
- 7-day Mennidia sp. survival and growth test
 
- Arbacia punctulata fertilization test
 
- 7-9 day Chanvpia parvula sexual reproduction test
 

Recommended Manuals
 

Weber, C.I. et al, 1989. Short Term Methods for Estimating the Chronic
 
Toxicitv of Effluents and Receiving Water to Freshwater Organisms.
 
Second Edition. Office of Research and Development, Cincinnati, OK,
 
EPA-/4-89/001,
 

Peltier, W. and Weber C.I. 1985. Methods for Measuring the Acute Toxicity
 
of Effluents to Freshwater and Marine Organisms. Third Edition.
 
Office of Research and Development, Cincinnati, OH, EPA-600/4-85
013.
 

Weber, C.I. et al, 1988. Short Term Methods for Estimating the Chronic
 
Toxicitv of Effluents and Receiving Waters to Marine and Estuarine
 
Organisms, Office of Research and Development, Cincinnati, OH,
 
EPA-600/4-87/28.
 

APHA 1985, Standard Methods for the Examination of Water and Wastewater,
 
16th Edition. American Public Health Association, 1015 Fifteenth
 
St., N.W., Washington, D.C. 20005.
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DESIGN CRITERIA
 

Design Dredge Flow Rate:

Design Wastewater Flow:

Total Sediment Storage Volume:

Equalization Volume (CDF #2):

 2,100 GPM 

 350 GPM 

 20,000 CY 

 540,000 gal. 

Parameter

PCB

TSS

p  H

 Influent

 4,000-10,000

 250 ppm

 6 - 9

 ppm

 Effluent 

 <1 ppb 

 <10 ppm 

 6 - 9 



Description: Cutterhead Hydraulic Suction Pipeline Dredge 

Size: Pump discharge of between 8 and 10 inches in diameter. 

Capacity: Minimum capacity between 30 to 40 cubic yards (in-situ) 
per hour capable of pumping through 5,200 linear feet of 
pipeline with a static lift of 10 feet. 

Flow Rate: 2,100 gpm 

Dredge Operating Parameters: 

Swing Speed - 50% of dredge capability 
Cutterhead Speed - 50% of dredge capability 
Dredge Pump Speed - Run at maximum rpm 
Advance per Swing - Two feet (cutterhead diameter) 
Swing Anchors - Place on shore 
Depth of Cut - Sufficient to remove top one foot of 

sediment with each pass 

208-01-08
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Wastewater Treatment
 
Process Flow Diagram
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Description: CDF Cell No. 1 

Area: 72,000 sf 

Capacity: 5,200,000 gallons 

Operating Parameters: 

Bottom Elevation:
Top Elevation
Max. Operating Level
Min. Operating Level
Effluent Control
Floating Product Control
Min. Freeboard
Max. Flow Rate Out
Max. Solids Storage Volume

 5.5 ft. 
 15 ft. 

 13 ft. 
 10.5 ft. 

 Adjustable Weir 
 Floating Booms, Skimmers 

 2 ft. 
 2,100 gpm 

 15,000 cy 

Th« 
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Description: CDF Cell No. 2 

Area: 11,900 sf 

Capacity: 540,000 gallons 

Operating Parameters: 

Max Operating Elevation
Min. Operating Elevation
Average Effluent Flow Rate
Maximum Solid Storage Volume

 11.6 ft. 
 5.5 ft. 

 350 gpm 
 36,000 gallons 

Th« 
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NOTES: 

[T] DIMENSIONS "J ' 4 'K ' ARE 
THE NUMBER OF SPACES AND 
THE DIMENSION BETWEEN 
ANCHOR BOLTS 
RESPECTIVELY AS LOCATED 
FROM ANCHOR BOLT SHOWN 

SEE DWG NO 0004 PCS 1 
THRU 3 FOR DIMENSION 
TABLES 

3.	 J" — BULB SEALS ARE
 
SLIGHTLY ADJUSTABLE AND
 
VULCANIZED AT CORNERS
 

4 FOR SEATING AND UNSEAT
ING HEADS TO HEIGHT OF GATE
 

ALTERNATE GATE MODEL 
APR 5I| IY WITH UHMW 
POLYETHYLENE BEARING 
STRIPS 

3" x 2" 
l~ BLOCKOUT 

(OPTIONAL) 

WELDED DUAL HEADRAIL 
DESIGN ALLOWS SLIDE 
TO BE REMOVED FROM 
GUtOERAiLS 

MIN 

SECTION 

— INVERT — 

..DIA 
K! \ UHMW 

"BEARING 
' R SURFACES 

Y/< :• ' «'t'/*j'/.i 

ALTERNATE SECTION l@ Qj 

ALTERNATE SECTION 

MODEL AR-5fj-IY DOWNWARD OPENING (WEiR) 
ALUMINUM SLIDE GATE WITH J-BULB SEAL 

SCALE CATALOG DWG NO	 RE .'IS OM NO 

NONE 0004 6 of 6remain INDUSTRIES. INC. 
NOTE FOR PRELIMINARY CES'GN PURPOSES C">JLY 

--, • L.E5CC-- -< • 3AFC=\ CTY -S • ^O SZ  DO NOT USE FOR INSTALLAT.ON • • £ - - s w 5 -\ - ;=_\c S^NO a • 'NC-\^"-s •. UNLESS PART OF CERTIFIED 4 APPPOVEC 
RED TOP .VATER CONTFOc GATES VALVES ana EG'JI=VENJT 
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3 s
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BLOCKOUT 
(CPTIOUA',1 7	 H

K 

~ZL
R fe r-< 3	 * * i 

1 !	 
L' < • 

<t. . (-. .V 0 . ' 
GATE 3 J r 

\	 \ ! l=^TBACKI !	 (EMBEDDED RUSHSC'TOt. 1/2 B 
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_J NOT ES. 

D LGI —J Qc IME'.SIONS 'J' S K" ARE THE W^
 
2^~U 

L_ ET.V££'J ArgCHOH ROLTS RESPEC
 A 

[T]	 !!2 LE'.OIES UFT WITH BALL BEAHinCS AND 'JE-2! Oi'.O'ia , •' :. 
MA.'.CC^ANK SEE PAGE 3 FOR GATE SHOWN WITH HANOCF!-'.* -iFT 

GATE DIMENSIONS IN INCHES 

A	 - B C D Ed F G H J [D K Q] M N 

48 •• 48 H - 24 56'/4 30 BB 6'/2 T/2 78 3 @M5 2 @ 16 54% Va 
48 < 54 H - 27 56 '/, 3E-2:1 6'/2 1 90 4 @ 13 2 @ 18 54% Vs 
48 » 60 H - 30 56'/4 3E-2:1 10 2 96 4 @ 14 2 @ 21 54% % 
48 < 72 H - 36 56V4 3E-2:1 10 2 114 4 @ 17 2 @ 24 54% % 
54 x 30 H - 15 62 '/. 24 BB 6'/2 1 54 2 @ 14 1 @ 20 60% % 
54 x 36 H - 18 62 </4 2469 GVi 1 60 2 @ 17 2 @ 14 603/4 Va 
54 < 42 H - 21 62'A 30 BB 6Y2 r/2 72 3 @ 13 2 @ 15 60% Va 
54 < 48 H - 24 62V4 3E-2:1 672 r/2 84 3 @ 15 2 @ 16 603/4 % 
54 •< 54 H - 27 62% 3E-2:1 10 1 90 4 @ 13 2@ 18 60% Vs 
54 x 60 H -30 62% 3E-2:1 10 2 96 4 @ 14 2 @ 21 60% % 
54 < 72 H * 36 62% 3E-4:1 10 2 114 4 @ 17 2 @ 24 603/4 % 
60 < 30 H * 15 68% 24 BB 61/2 1 54 2 @ 14 1 @ 20 66% y8 

. 60 x 36 H * 18 68% 30 BB 672 1 60 2 @ 17 2@ 14 66% % 
60 < 42 H - 21 68% 3h-2:1 6Vz r/2 72 3 @ 13 2 @ 15 66% % 
60 x 48 H - 24 68% 3E-2:1 10 1Vz 78 3 @ 15 2 @ 16 66% % 
60 x 54 H -27 68% 3E-2:1 10 1 90 4 @ 13 2 @ 18 66% % 
60 x 60 H -30 68% 3E-2:1 10 2 96 4 @ 14 2 @ 21 66% Va 

60 < 72 H - 36 68% 3E-4:1 10 2 114 4 @ 17 2 @ 24 66% =•'3 

72 • 36 H - 18 80% 3E-2:1 6Vz 1 60 2 @ 17 2 @ 14 78% % 
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72 < 48 H - 24 80% 3E-2:1 10 1 V'2 78 3 @ 15 2 @ 16 78% 5-a 
5/372 < 54 H - 27 80% 3E-2:1 10 1 90 4 @ 13 2 @ 18 78% 
5/372 • 60 H - 30 80% 3E-2.1 10 2 96 4 @ 14 2 @ 21 783/4 

72 • 72 H - 36 80% 3E-2.r 1 1 % 2 114 4 @ 17 2 @ 24 783/; ••'3 

AR-5f-Y & AR-5e-Y 
EXTRUDED ALUMINUM SLIDE GATES 

SCALE CATALOG DWG NO	 | 3 = iS:0>l no i 
i	 i • 

INDUSTRIES. INC. NONE 0004 3 of 5 ' 3 I 

NOTE FOR PRELIMINARY DESIGN' P'JC=OS£S ONLY 

RED TOP WATER CC 
'iLA\0 '.'9 • 

TROL GATES. VAL.ES EC- => . <.E\T 
DO NOT USE FOR INSTALLATION 

UNLESS PART OF CERTIFIED 4 APPCC'. ED SUSMlTTil. 
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Description: Flocculation Tank 

Number: 2 in series 

Size: 9 ft. x 9 ft. x 7 ft. 

Capacity: 3,030 gallons each 

Operating Parameters: 

Detention Time
Mixers
Solids Removal
Influent Flow Rate
Material of Construction

 15 minutes
 2 

 20 gpm 
 3^8 ^O" gpm 

 316 st. stl. 

 total 

Th« 
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Description: Alum Feed System 

Size: Tote bins as required by contractor 

Capacity: Minimum capacity required to dose wastewater stream at 
25 ppm as aluminum sulfate. 

Operating Parameters: 

Pump Flow Rate 0 to 8 gph 
Pump Horsepower 1/3 hp 
Mixing Static (SM-100) 

Ttw 
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FIGURE 4-1 
TSS CONCENTRATIONS 

IN CLARIFIED SAMPLES 

4UU 
376.00 

320 
338 .00 ono A AOc O.UU ' ' V\ .... 

240 

285 .00 \
248 .00.241 /\ /\

.UU ~l~ "'"*
 1 

V 

/ 
1 ou 

0 

\ 

\ 
/ \ 

35 00-31 00-36 00 

ig
w
H<
~e
ri

e rvn""1fl 00— 

~r i 
 a a ^ >. 
 f* 1* 

.- «S 2
D D3 < 
§ §
ft, 0. 
m IA 

5. 
to 

» 

« 

to 

c 
V 

f 

no— "13 00 00 

S S
3 D
4 J< <
S S
k. CX

*• a

D 
M IA 

i
: 
: 
c 
£ 

L 

S 

I I
U W J ^ J W W f ^ f O f 

^ H g S S S g B 
J » - 3 ' N l X * - ' * - ^ ^ * 4 >

s s ^ ^ s s ^ ^ 
j , g - w w g < g « S Si , a ,  s s o , a , 0 , a , (  
^ r r t E E o f ' J & ' f t ' '  1 

^ V J J C T ^ o O l r , l ^ ^ l l / 

s s a, a, 
a. a 
CO fl 
v Xp 

I 
^ 

o 
O 

^ 
S x 
' 
^ 

— TSS (mg/l) 

fM N N fM 

FLOCCULANT ADDED 

^
 



-2 a/
 
CHEMICAL TREATMENT 

bidity removal is primarily a function of 
wastewater alkalinity. Therefore, the most 
accurate evaluation of coagulation require
ments may be made through the perform
ance of a jar test on a representative sample 
of the specific wastewater. 

5. Calcining. Lime sludge may be thick
ened, dewatered, and calcined to convert 
the calcium carbonate to re-usable lime. 
Generally, calcining for reuse is econom
ical only in larger plants where flows are 
greater than 38000 m3/d (10 mgd). Al
though some investigators have reported 
that the slaking characteristics of lime 
deteriorate after it is calcined for reuse, 
other experiences have not shown this 
effect.2 

Alum:— 

1. Uses. Alum is the commonly used 
name for aluminum sulfate [Ala( 804)3'14 
H2O]. It is widely used in water treatment 
practice but is also an excellent coagulant 
for removing suspended solids from do
mestic wastewater. 

When a coagulant such as alum (or the 
iron salts) is to be incorporated in a new 
plant design, or used to improve BOD, 
suspended solids, and phosphorus removal 
in an existing plant, the question invariably 
arises as to where in the process flowsheet 
the chemical should be added. As a gen
eral rule, where no flash mix tanks are 
provided, alum should be added at a point 
where turbulence is present to insure rapid 
mixing. It is advantageous to build some 
flexibility into the plant design with respect 
to points of chemical addition, since this 
aspect may significantly affect process effi
ciency and economy. Addition of alum 
directly to an aeration tank will not ad
versely affect the biological process, but 

TABLE 1 l-III. Strengths of Commercially
 
Available Alum
 

Alum Cone . Density Dry Alum Deg. Baum£ % AliOi db/gal) (Ib/gal) 

32.2 - 7.2 10.72 4.6 
36.4 8.3 11.15 5.4 

Note: Ib/gal X 0.12 = kg/1. 

TABLE 11-IV. Some Physical Characteristics 
of Dry Alum 

Parameter Alum Characteristics 

Approx. composition 
AUOj content 

AI,(Sq4),-14HsO' 
17% (minimum) 

Fe,0, 
Insolubles 

0.75% (maximum) 
0.5% (maximum) 

Hygroscopic Very slightly 
Form Lump, ground, rice 

powder 
Color Ivory white 
Weight (Ib/cu f t ) . 

Lump 60-70 
Ground 63-76 
Rice 52-62 
Powdered 38-45 

Angle of repose (approx.) : 
Ground 38-45 dcg 
Rice 33-38 dcg 
Powder 65deg 

Solubility [Ibalum (17% 
AliOj)/ga' water]: 

328F 7.9 
60°F 8.4 

100°F 91 

Note: Ib/cu ft X 16 = kg/m'; gal X 3.785 = 1. 

some build-up of aluminum compounds in 
the recirculated sludge may be expected. 

2. Types and handling considerations. 
Alum is available from chemical manu
facturers in both liquid and dry form. 
Liquid alum is an aqueous solution of 
aluminum sulfate and is generally available 
commercially in two strengths (Table 11
III). 

Liquid alum is a true solution containing 
less than 0.2 percent insolubles. Dry alum 
is a pale greenish- to cream-colored, 
powdered, granular, or lump material that 
dissolves in water to produce a solution 
with a pH of approximately 3.5 at 1 per
cent. The grade of dry alum used by the 
majority of water and wastewater plants is 
a mixture of standard ground alum and 
fines. In general, ground alum is easy to 
feed as it does not bulk or arch in hoppers. 
It is non-corrosive. The fines themselves 
are known as powdered alum. Powdered 
alum is generally not desirable for use in 
wastewater treatment since it is dusty and 
difficult to feed. Some physical properties 

166 



Description: Polymer Blending Systems CF-100, CF-102 

Size: 

Capacity: 

Operating Parameters: 

Automatic Water Feed and Mixing 
Mixers Static 
Flow Rate 0-2 gph neat polymer 

as required for solids 
removal 

Th«

208-01-08 SSI 
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4.3.3 Chemical Addition!Flocculation 

The treatability studies indicated that the following chemical and 
flocculation treatment is recommended: 

•	 Alum will be dosed at 25 ppm (as aluminum sulfate) to 
coagulate suspended solids and remove dissolved metals. 

•	 Magnifloc 1596C, dosed at between 10 and 100 ppm, enhances 
flocculation of the coagulated material. This polymer may be 
added after rapid mixing of the inorganic coagulant (alum), but 
prior to the flocculation tank if it is deemed necessary to 
optimize operating parameters. 

•	 Flocculation of 15 minutes is required to maximize flocculation of 
smaller coagulated particles. 

•	 A portion of the flocculated material will form particles of 
sufficient size that they will settle in the flocculation tank under 
slow mixing conditions. The flocculation tank should be 
provided with an underdrain or other items for solids removal. 
Solids should be transferred to Cell No. 1 to be treated with the 
other solids. 

4.3.4 Secondary Settling - Cell No. 3 

Results of the treatability study indicate the treatment system should be 
designed for: 

•	 The secondary settling cell should have a minimum 15 minutes 
detention time to ensure capture of settleable materials. 

•	 The wastewater leaving the secondary clarifier will have very 
low suspended solids concentrations (below 10 mg/1). 

208-01-08 
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Magnifloc 1596CSP
 
•̂̂ ^	 FInr»rMilanFiocculantt 

Type: Emulsion, Catonic 

MAGNIFLOC 1596CSP flocculant is a very high 
molecular weight, highly charged cationic flocculant for 
use in sludge conditioning and waste treatmentpro
cesses Especially recommended for use in secondary 
clarification 

TYPICAL PROPERTIES 

Appearance
Specific gravity
Typical Bulk Viscosity as is, 

at 25°C (77°F)
Typical Solution Viscosity at 25°C, cps 

Opaque liquid 
100 ± 04 

500-1500 cps 

05% 300 (Brookfield spindle #3 at 60 rpm) 
10% 650 (Brookfield spindle #3 at 60 rpm) 
2 0% 1500 (Brookfield spindle #3 at 60 rpm) 

Freezing point 0°F (-18°C) 
Flash point, Closed cup 200°F (93°C) 
Shelf Life 6 months 

Environmental Properties* 

BOD5 -540 mg/l 
COD -4500 mg/L 

*1% solution 

ADVANTAGES 
Economical 
• Handling costs are minimized 
• Effective at low dosage levels 
•	 Performs well under high pH conditions 

Convenient 
• Helps maintain clean, safe, dissolving tank stations 
• Easy to handle and feed 
•	 Dissolves rapidly, leaving no insoiubles ("fish eyes") 
• Compatible with continuous automatic chemical feed 

systems 
• Suitable for bulk storage 

PRINCIPAL USES 
MAGNIFLOC 1596CSP flocculant is a highly effective, 
high MW cationic polyelectrolyte which may be used 
as a coagulant, settling aid, or a dewatering aid 
MAGNIFLOC 1596CSP flocculant is recommended for 
liquid-solids separation processes 
• Secondary Clarification - increases settling rate 

resulting in lower solids carryover 
•	 Belt Press, Screw Press and Vacuum Filtration

increases production rates cake solids content, and 
solids capture 

• Centnfugation - increases throughput along with 
improved solids recovery 

• Sludge Thickening - improves sludge compaction, 
settling rates, and effluent water quality 

American Cyanamid Company	 WTT-1019CYAfklAMID 
Specialty Polymers Department 
Paper Chemicals Department 
Wayne, New Jersey 07470 

Ccpyrgh! 1989 



Application 
A stock solution of MAGNIFLOC 1596CSP flocculant 
should be metered to the system by use of a corrosion-
resistant, positive-displacement pump and diluted 100:1 
with clean water prior to being fed to the system. Best 
results are obtained by dispersing the feed stream 
and promoting high turbulence for rapid mixing 
beyond the addition point 

Preparation of Stock Solution 
To ensure product uniformity, agitate MAGNIFLOC 1596CSP 
flocculant thoroughly in the drum with either a drum 
stirrer or a continuous recirculatmg pump. 

For batch make-up, the sue of both a make-up tank and a 
holding or feed tank is recommended. The size of the 
tanks will depend upon the amount of polymer to 
be used, the desired feed concentration, and the num
ber of preparations per day Depending on ionic strength 
of the water and the capabilities of the make-up equip
ment, solutions of up to 2% concentration may be prepared 
using make-up water below 120°F (50°C). Generally 
speaking, waters with high ionic strength allow for pre
paration of high solution concentration 

Health and Safety Information 
Although MAGNIFLOC 1596CSP flocculant is not acutely 
toxic by oral or dermal administration, it may cause skin 
burns and eye irritation. Care should be exercised to avoid 
spilling of the liquid into one's boots or shoes. 

Before handling this material, read the corresponding 
American Cyanamid Company Material Safety Data Sheet 
for safety, health and environmental data. 

Important Notice 
The information and statements herein are believed to be 
reliable, but are not to be construed as a warranty or 
representation for which we assume legal responsibility. 
Users should undertake sufficient verification and testing to 
determine the suitability for their own particular purpose 
of any information or products referred to herein. NO WAR
RANTY OF FITNESS FOR A PARTICULAR PURPOSE 
IS MADE Nothing herein is to be taken as permission, 
inducement or recommendation to practice any patented 
invention without a license. 

Handling and Storage 
MAGNIFLOC 1596CSP flocculant should be stored at 
temperatures between 40° and 90°F (5°-30°C). If the 
product freezes, it must be thawed and mixed thoroughly 
before use 

Storage in glass, stainless steel, plastic or epoxy-lined vessels 
is recommended. Do not use iron, copper or aluminum 
in storage or delivery systems 

Spilled product is very slippery and should be scooped 
and/or wiped up prior to flushing with water. 

Shipping 
MAGNIFLOC 1569CSP liquid flocculant is shipped in 
55 gallon (200 liter) nonreturnable, lined steel drums or 
275 gallon bulk drums, FO.B Mobile, AL. It is shipped under 
a protect from freezing classification. For information on 
bulk delivery, contact your Cyanamid Sales Representative 
or nearest Cyanamid Sales Office 

American Cyanamid Company 
Industrial Products Division 
Water Treating Chemicals 
Wayne, New Jersey 07470 

89-4 625 6/89 



PAGE 1 OF 3 CYAN A MID 

MSDS NO. 4900-06 MATERIAL SAFETY DATA DATE: 05/16/90 

PRODUCT PRODUCT NAME: 
IDENTIFICATION SYNONYMS: 

CHEMICAL FAMILY: 

COMPONENTS hydrotreated light 

NFPA HAZARD 
RATING Fire 

1 
Health 2 0 Reactivity 

Special 

HEALTH HAZARD EFFECTS OF 
INFORMATION OVEREXPOSURE: 

FIRST AID: 

MAGNIFLOC® 1596C Flocculant 
Cationic polyacryiamide in water-in-oil emulsion 

Cationic polyacryiamide in 
water-in-oil emulsion 

MOLECULAR FORMULA: Mixture 

MOLECULAR WCT.: Mixture 

WARNING WARNING! CAUSES SKIN IRRITATION 
MAY CAUSE EYE IRRITATION 

OSHA COMPONENT CAS. NO. %
REGULATED Petroleum distillate 064742-47-8 -24

 TWA/CEILING REFERENCE 

 400 ppm OSHA 

FIRE: Material that must be preheated 
before ignition can occur. 
HEALTH: Materials which on intense or continued exposure 
could cause temporary incapacitation or possible 
residual injury unless prompt medical treatment 
is given. 
REACTIVITY: Materials which in themselves are normally 
stable, even under fire exposure conditions, 
and which are not reactive with water. 

The acute oral (rat) and acute dermal (rabbit) LD50 values are both 
estimated to be greater than 10 ml/kg. 
Direct contact with this material can cause moderate skin and 
mild eye irritation. 

Toxicology information on regulated components of this product 
is as follows: 
Acute overexposure to petroleum distillate vapors may cause eye and throat 
irritation. On direct skin contact, petroleum distillate may produce 
a severe skin irritation. Prolonged repeated exposure to petroleum 
distillate vapor may cause central nervous system damage as well as heart 
and blood disorders. The oral LD50 in the rat for various distillates ranges 
from 4.5 to greater than 25 ml/kg, and the inhalation LC50 in rats is about 
15000 ppm. Aspiration of petroleum distillate may cause chemical pneumoni 
Overexposure to vapor may cause dizziness, drowsiness, headache, and 
nausea. 

In case of skin contact, remove contaminated clothing without delay. 
Flush skin thoroughly with water. Do not reuse clothing without 
laundering. 
In case ot eye contact, immediately irrigate with plenty of water for 
15 minutes. 

EMERGENCY PHONE: 201/835-3100
 

AMERICAN CYANAMID COMPANY, 1 CYAN AM ID PLAZA, WAYNE, NEW JERSEY O747O 
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MAGNIFLOC® 1596C Flocculant 

EXPOSURE	 Where this material is not used in a closed system, good enclosure 
CONTROL METHODS	 and local exhaust ventilation should be provided to control 

exposure. Food, beverages, and tobacco products should not be 
carried, stored, or consumed where this material is in use. Before 
eating, drinking, or smoking, wash face and hands with soap and 
water. Avoid skin contact Protective clothing such as impervious 
gloves, apron, workpants, long sleeve work shirt, or disposable 
coveralls are recommended to prevent skin contact For operations 
where eye or face contact can occur, wear eye protection such as 
chemical splash proof goggles or face shield. Eyewash equipment and 
safety shower should be provided in areas of potential exposure. 
Where exposures are below the Permissible Exposure Limit (PEL), no 
respiratory protection is required. Where exposures exceed the 
PEL, use respirator approved by NIOSH for the material and level 
of exposure. See "GUIDE TO INDUSTRIAL RESPIRATORY PROTECTION" 
(NIOSH). 

FIRE AND 
EXPLOSION 

FLASH POINT: 
METHOD: 

>200F(>93.3C) 

HAZARD 
INFORMATION 

FLAMMABLE LIMITS 

Pensky-Martens Closed Cup 

(% BY VOL): Not Available 

AUTOIGNITION TEMP: Not Available 

DECOMPOSITION TEMP: Not Available 

FIRE FIGHTING: Use water spray, carbon dioxide or dry chemical to extinguish fires. 
Use water to keep containers cool. Wear self-contained, positive 
pressure breathing apparatus and full fire-fighting protective 
clothing. See Exposure Control Methods for special protective 
clothing. 

REACTIVITY DATA	 STABILITY: Stable 
CONDITIONS TO AVOID: None known 

POLYMERIZATION: Will Not Occur 
CONDITIONS TO AVOID: None known 

INCOMPATIBLE Strong oxidizing agents. This material reacts slowly with iron, 
MATERIALS: copper and aluminum, resulting in corrosion and product degradatioi 

HAZARDOUS Thermal decomposition or combustion 
DECOMPOSITION may produce carbon monoxide, carbon dioxide, ammonia, oxides of 
PRODUCTS: nitrogen and/or hydrogen chloride vapor. 

PHYSICAL APPEARANCE AND White, viscous, opaque liquid; slight hydrocarbon odor 
PROPERTIES ODOR: 

BOILING POINT: -347 F; ~175 C (value for oil phase) 

MELTING POINT: 
Similar to water 

VAPOR PRESSURE: Similar to water 

SPECIFIC GRAVITY: -1.0 

VAPOR DENSITY: Similar to water 

% VOLATILE (BY VOL): -60 

OCTANOL/H2O 
PARTITION COEF.: Not Available 

pH: 4-6(in water) 
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Description: Hydrogen Peroxide Feed System CF-101
 

Size: 2,500-gallon tank for 50% H2O2
 

Capacity:
 

Operating Parameters:
 

Pump Flow Rate 2 @ 2 gph 

Th« 

208-01-08 F-10 Group
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Description: F-100 Continuous Backwash Sand Filter 

Size: 9 ft. Diameter 

Capacity: 103 Cu. Ft. Media 

Operating Parameters: 

Normal Row (£* rFUwj
Normal Pressure Drop
Peak Flow
Peak Pressure Drop 

 350 gpm 
 18-24 inches H2O 

 384 gpm 

Backwash Flow Rate I "6 3& gpm 
Backwash Time Continuous 
Filtration Area 64 sf 
Height 25'-4" 
Air Consumption 3-4 scfm @ 15-25 psig 
Inlet/Outlet Pipe 6 inch 
Filter Retention 10 micron 

208-01-08 "•**-£!£
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DynaSand Filter 
The Proven Concept 

in Sand Filtration 
The DynaSand Filter is a continuous 
backwash, upflow, deep-bed granular 

media filter. The filter media is continu
ously cleaned by recycling the sand 

internally through an airlift pipe and sand washer. 
The regenerated sand is redistributed on top of the 
sand bed, allowing for a continuous uninterrupted 
flow of filtrate and reject (backwash) water. 

Feed is introduced into the bottom of the filter, 
then flows upward through a series of riser tubes 
and is evenly distributed into the sand bed 
through the open bottom of an inlet distribution 
hood (A) (Fig. 1). The influent flows upward, 
through the downward moving sand bed (B), with 
the solids being removed. The clean filtrate exits 
from the sand bed, overflows a weir (C), and is 
discharged from the filter (D). Simultaneously, the 
sand bed, along with the accumulated solids, is 
drawn downward into the suction of an airlift pipe 
(Fig. 2) which is positioned in the center of the 
filter. A small volume of compressed air is 
introduced into the bottom of the airlift (E). The 
air lifts the dirty sand up the airlift pipe, and air 
scours the sand at a rate of 100 to 150 SCFM/ft2, 
The impurities are scoured loose from the sand 
during this violently turbulent upward flow. Upon 
reaching the top of the airlift (F), the dirty slurry 
spills over into the central reject compartment (I). 
The sand is returned to the sand bed through the 
gravity washer/separator (G) which allows the fast 
settling sand to penetrate, but not the dirty liquid. 
The washer/separator is placed concentrically 
around the upper part of the airlift and consists 
of several stages to prevent short circuiting (Fig. 
3). By setting the nitrate weir (C) above the reject 
weir (J),a steady stream flows upward, counter-
current to the sand, through the washer section 
and cleans the sand at a backwash loading rate 
of 50-100 gpm/ft.z. A continuous reject flow exits near the top of the filter (K), 
carrying away the dirt and impurities removed in the filter. Since the sand has 
a higher settling velocity than the dirt particles, it is not carriod out of the filter. 
The clean sand is redistributed by means of a sand distribution cone (H). The sand 
bed is continuously cleaned while both a continuous filtrate and a continuous reject 
stream are produced. 
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Features and Benefits 
Continuously Geaned Sand iBed 
"."'• "•'•'£; '''..' ' . • 

No Moving Parts
 

Low Pressure Drop
 

Single Media
 

High Solids Capability
 

Continuous Reject (Backwash) 

No shutdown for backwash cycles .v.>T,.... 
Elimination of ancillary equipment ,;;^r'' ' - • • . - . . > • • • ; •  / 
No flow control valves, splitter boxes, backwash controls ?•• 
Elimination of mud balls 

Little operator attention or maintenance required 

Easily gravity fed (pressure drop less than 24") 
Low power consumption 

Eliminates internal screens, grids, underdrains, etc. 

Handles upstream upsets more easily 
Improves loading rates where loading is limited by 

solids capacity 

Eliminates backwash holding tanks, high volume pumps 
Small continuous stream easily returned to process 
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Standard Features for Packaged Units 
Epoxy painted carbon steel or FRP tanks 

All stainless and FRP internals 

Air control panel 

Standard (40") or deep-bed (80") filtration 

Data - Cylindrical Units 
Model DSF-7 DSF-12 DSF-19 DSF-38 DSF-64 

Filtration Area (ft?) 7 12 19 38 64 

Inside Diameter 3V 4V 5V 7V 9V 
Height 8^ 12'0» 12'9" 14V* 18'6"* 

Feed Rates (gpm)** 14-42 24-72 38-114 76-228 128-384 

Sand Required (Tons) 1.6 3.3 5 9.5 20 

Air Consumption
(SCFM«l> 15-25 psig) 

0.5-1.0 0.5-15 1-2 2-3 3-4 

Pressure Drop (Inches) 15-20 18-24 18-24 18-24 18-24 

'Standard Platform and Ladder adds 3'6*. Deep-bed design adds 3'4*. 
** Dependent on application. 

Data - Rectangular Units 
Model DSF-50 DSF-100 DSF-150 DSF-200 

Filtration Area (ft.2) 50 100 150 200 

Inside Dimensions 5'xltf KTxlO' 10'xl5' 1CTX20' 

Height 12V* 12V* 12'0** 12V* 
Feed Rates (gpm)** 100-300 200-600 300-900 400-1200 

Sand Required (Tons) 9 18 27 36 
Air Consumption

(SCFM<g> 15-25 psig) 
3-5 7-9 10-12 12-15 

Pressure Drop (Inches) 15-20 15-20 15-20 15-20 

*Standard Platform and Ladder adds 3'6". 
"Dependent on application. 
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Influent 
Solids 
(ppm) 

20-100 

20-150 

10-100 NTU 

50-300 

MO ppm P 

20-100 

20-200 Free oil 

Filtrate
 
Solids
 
(ppm)
 

2-5
 

5-10
 

0.1-0.5 NTU
 

5-10
 

<0.3 ppm P
 

10-20
 

5-10 Free oil
 

Other Proven :C; , . ; ' 
Applications;.^:' ,.;f:i . 

• Brine Filtration 

• Cooling Tower Slowdown 
• Chemical Processing 
«Product Recovery 

Applications: Typical Data
 

Application 

Metal Finishing 

Tertiary Filtration 

Surface Water (Continuous 
Contact Filtration) 

Steel Mill Scale 

Phosphorous Removal 
Algae Removal 
Oil Removal 

CombinatH 

Loading
 
Rate
 

(gpm/ft.2)
 

4-6
 
3-5
 
4-6
 

8-12
 
3-5
 

2-4
 

2-6
 

Settler/Tliici^herahd
 



Continuous Contact Filtration
 

Water and wastewater treatment
 
in conventional plants involves
 
flocculation, clarification and
 
filtration. Direct filtration elimi
nates clarification but still
 
requires flocculation. CONTINU
OUS CONTACT FILTRATION
 
performs coagulation, floccula
tion and separation directly
 
within the sand bed and elimi
nates the external flocculators
 
and clarifiers. The resultant sav
ings can be up to 85% compared
 
to conventional treatment and
 
50% compared to direct filtration.
 
And, since only small floes are
 
required for filtration as opposed
 
to clarification, chemical dosage
 
is reduced by 20-30% in most
 
cases compared to conventional
 
treatment.
 

For potable water applications, the top feed 
DynaSand Filter design is utilized. 

Conventional 

Direct Filtration 

C«C«3 mix) 

Continuous Contact Filtration 

Applications 
• Potable Water - surface and well water filtration 

• Process Water 

• Phosphorous Removal 

• Algae Filtration 

• Brine Filtration 



388 INDUSTRIAL WATER POLLUTION CONTROL 

TABLE TABLE 12.10 
Removal efficiencies 

Filtration performance 
Fl 

Filter Hydraulic Percent removal Effluent, mg/1 g» 
depth, loading,	 (s. Aperture screen, |im 

Filter type Wastewater ft gal/(min • ft1) SS BOD SS BOD
 
1C
 35 Gravity downflow TF effluent 2-3 3 67 58 2.5	 t

23 Pressure upflow AS effluent 5 2.2 50 62 7.0 6.4
 
Dual media AS effluent 2.5 5.0 74 88 4.6 2.5
 
Gravity downflow AS effluent 1.0 5.3 62 78 5 4
 
Dynasand Metal finishing 3.3 4-6 90 — 2-5
 

— AS effluent 3.3 3-10 75-90 5-10 — — 
Oily wastewater 3.3 2-6 80-90f 5-10t — —	 Microscreen 

Hydroclear Poultry 1 2-5 88 19 — — 
Oil refinery 1 2-5 68 — 11	 A microscreen is a rot 

— Unbleached kraft 1 2-5 74 — 17	 less steel fabric (Fig. — 
filtered through the f; 

t Free oil. 
Note: fabric. As the drum n 
fl = 0305m at the top of the dru 
gal/(mm-fl2)=.407 x 10" ' m3/("iin-m2)	 1spray nozzles that ex

18 inches (30 to 46 c 
throughput water. Pi 

The Dynasand (DSF) continuous backwash filter is a continuous self- with hydraulic loadir 
cleaning upflow deep-bed granular media filter. The filter media is cleaned con- cleaning of the drum 
tinuously by recycling the sand internally through an airlift pipe and sand For filtration c 
washer, as shown in Fig. 12-17. The regenerated sand is redistributed on top of (fta-d) [4.3kg/(m2
the bed, allowing for a continuous uninterrupted flow of filtered water and reject (min •m2)] has been 
water. Filtration performance is shown in Table 12.10. and BOD of 6 to 8 

sludge effluent on a 
For design purpose; Drum support \vhccls 
given in Table 12.11. 

Screening trough B k w a s h s p r a  y The efficiency 
Screenings return decrease in the thro 

with an increase in it 
Grid 

Effluent 

REFERENCES 

1. Eckenfelder, W. W., 
Waste Disposal Met 
1958. 

2.Crites,R.W.:Procee Influent 
3.	 "Diagnosis and 1m 

Handbook 60,1954. 
4.	 Jewell, W. J.: Limit. 

Cornell University,' 
5. Adamczyka, A. F.: 

FIGURE 12-18 Science, Ann Arbor, 
Microscreen (Courtesy ofEnvirex, Inc.) 
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FIGURE 12-17 
Dynasand filter (DSF) (Courtesy ofParkson Corporation) 

Filtration rate 2-5 gal/(min-ft2) [0.081-0.204 m3/(min-m2)] 
Media size 0.35-0.45 mm sand 
Bed depth 10-12 in (25.4-30.4 cm) 
Backwash rate 12 gal/(min • ft2)[0.5 m3/(mm - m

2)] 
Air mix 0.25 standard ft3/(min-ft2) [0.076 std m3/(min-m2)] 
Terminal head loss 3.5 ft (1.07 m) 
Backwash filtrate ratio 0.10 

http:0.35-0.45


Description: F-101 A,B Polishing Filter 

Size: 28 inch diameter 

Operating Parameters: 

Rated Flow Rate 350 gpm 
Materials of Construction 304 Stainless Steel 
Pressure Rating 150 psi 
Filter Retention 2.5 micron 
Clean Pressure Drop 2 psi 
Dirty Pressure Drop 150 psi max. 

50 psi max. operating 
Appurtenances Stel3 Mounted 

Th« 

208-01-08 Group 



Preliminary Design Analysis May 1991 

UV/oxidation equipment. Precipitation of iron on the quartz tubes will 
reduce the effectiveness of these units and increase maintenance. 

The results of the flocculation tests conducted during the second phase of 
the treatability study indicated that alum was not as effective at removing 
total suspended solids as during the first phase testing. Although the 
second phase total suspended solids concentrations were higher than 
during the first phase testing, the remaining PCB concentrations were 
similar to results obtained during the first phase. However, alum used 
during the Phase 2 testing was still more effective than lime at suspended 
solids removal. 

Filtration test results indicate that the 2.5 micron filter is effective at 
further removing PCBs and suspended solids from the wastewater, but that 
a prefilter will be required upstream of the polishing filter. During the 
removal of solids from the wastewater, the 2.5 micron filter clogged after 
passing approximately 1,300 mis. For this reason it is recommended that a 
sand filter be used prior to the polishing filter to reduce the loading on the 
polishing filters. The sand filter would also be capable of controlling 
suspended solid surges that might result from operational upsets in Cell 
No. 3. 

The carbon adsorption isotherm prepared from the treatability study data 
indicates that carbon adsorption is not efficient at removing PCBs from this 
wastewater. As indicated in Figure 4-2, the isotherm has points that 
correspond well with EPA generated isotherms for small PCB concentration 
reductions, but the carbon performance deviates greatly from the EPA 
performance as PCB concentrations approach detection limits. Therefore, 
the amount of carbon required to reduce PCB concentrations to detection 
limits will be very large. The suspected reason for the inefficiency of the 
carbon at removing low level PCBs is, although the total suspended solids 
concentrations in the wastewater were very low, the PCBs adhering to the 
colloidal material are not adsorbed onto the carbon. This conclusion was 
supported by analyzing duplicate PCB samples from the carbon isotherm 
tests and having one set of samples shaken and decanted prior to analysis. 
The other set of samples were not shaken prior to analysis. The difference 

Th« 

208-01-08 4-10 Group , 



Description: UV-100 UV/Hydrogen Peroxide Unit 

Size: 

Capacity: 

Operating Parameters: 

Flow Rate 350 gpm 
Detention Time 3 minutes 
Energy Requirements 400 KVA 
Appurtenances Skid Mounted 

Th«

208-01-08 tmGroup/; 
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March 28, 1991 

Mr. Bill Breed 
ERM - New England 
205 Portland Avenue 
Boston, Massachusetts 02114 

Re: Bench-Scale Treatability Study 
New Bedford Superfund Site 
Project #TMM-9 102-5381 

Dear Mr. Breed: 

Peroxidation Systems, Inc. (PSI) was contracted by ERM - New England (ERM) to perform a 
treatability study on contaminated surface water using the perox-pure™ Process. The surface 
water reportedly contained 320 /xg/1 of PCBs. The specified treatment objective was the 
destruction of PCBs to 1 

A bench-scale perox-pure™ treatability study was performed on the surface water in early 
February of 1991. The study was performed at the PSI Testing Laboratory in Tucson, Arizona. 
The purpose of the study was to provide a range of data from which full-scale treatment criteria 
could be determined. A copy of the bench-scale testing report is enclosed. 

The surface water received by PSI was turbid orange with high iron and suspended solids 
concentrations. Since the iron and solids concentrations were at levels which would hinder the 
perox-pure™ reaction and foul the quartz tubes in the perox-pure™ equipment, pretreatment 
was effected via gravity filtration. After filtration, the suspended solids concentration was 
negligible and the iron concentration in the surface water was less than 1 mg/1. 

A series of bench-scale tests were conducted on the contaminated surface water at a variety of 
oxidation times, H2O2 dosages and pH values. Determination of the best treatment conditions 
was not possible because the PCBs were destroyed to below the 5 /xg/1 analytical detection limit 
in every treated sample. However, PCB oxidation was rapid with destruction to below the 
detection limit occurring within 0.5 minutes in some cases. 

Based upon the bench-scale results, and previous treatability studies conducted by PSI on PCB 
laden waters, a full-scale contact time of 1.4 minutes is projected to meet the specified treatment 
criteria. A perox-pure™ Model CWB 360 will provide the necessary contact time at the 
anticipated full-scale surface water flow rate of 350 gpm. A specification sheet for the CWB 
360 is enclosed for your information. 

I understand that ERM plans to rent the perox-pure™ treatment equipment for a period of four 
months in the spring of 1992. While PSI will make every effort to meet this schedule, it is not 
possible to reserve a CWB 360 for such a short period of time. The perox-pure™ equipment 
is therefore subject to availability. 

Peraxidatian SystemsInc. 
5151 E.Broadway. Suite BOO Tucson. Arizona BS7H BOS-73O-B383 FAX BOS-7aa-BOOB 
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Mr. Bill Breed 
March 28, 1991 
Page 2 

The rental fee for the perox-pure™ Model CWB 360 including the hydrogen peroxide 
feed module and complete service/maintenance of the equipment by PSI is $15,000 per month. 
The usage of PSI H2O2 solution would also be billed each month. A fee of $15,000 would 
apply for equipment mobilization, and an additional $15,000 when the equipment is removed. 

In comparison to the rental fees, purchase of the CWB 360 would involve a capital investment 
of approximately $350,000 as well as additional fees for repair/maintenance parts and labor. 
The mobilization and demobilization fees would also apply. 

For an PCB effluent concentration of 0.6 /ng/1, a CWB-405/360 would be required. The capital 
cost for this unit is approximately $15,000 more than the CWB-360 quoted above. 

Bill, thank you for the opportunity to demonstrate the capabilities of the perox-pure™ Process 
in treating the contaminated s urface water at the New Bedford Site. If you need any additional 
information, or if you have any questions concerning the treatability study or the perox-pure™ 
equipment, please feel free to call Mike Donaway at (201)276-0044 or myself. 

Sincerely, 

Kathy J. Kent 
Applications Engineer 

KJK:cw 
Enclosure 

cc:	 Fred Bernardin, PSI 
Mike Donaway, PSI 
Geoff Swett, PSI 
PSI File 

Peraxidatian Systems inc. 



CONFIDENTIAL TESTING REPORT
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1. 0 INTRODUCTION
 

The perox-pure** Process destroys dissolved organic contaminants in
 
water by means of chemical oxidation. Ultraviolet (UV) light
 
catalyzes the chemical oxidation of organic contaminants in water
 
by its combined effect upon the organic contaminants and its
 
reaction with hydrogen peroxide (H2O2). Many organic contaminants
 
absorb UV light and may undergo a change in their chemical structure
 
or may become more reactive with chemical oxidants. More
 
importantly, UV light at less than 400 nm wavelength reacts with
 
H2O2 molecules to form hydroxyl radicals. These powerful chemical
 
oxidants then react with the organic contaminants in the water. If
 
carried to completion the reaction products of hydrocarbon oxidation
 
with the perox-pure** Process are carbon dioxide and water.
 

Peroxidation Systems, Inc. (PSI) was contracted by ERM-New England
 
(ERM) to perform a treatability study on contaminated surface water
 
from the New Bedford Superfund Site using the perox-pure13* Process.
 
The surface water reportedly contained 320 pcg/1 of PCBs and 4 (Jig /I
 
of naphthalene. The treatment objective specified by ERM was the
 
destruction of PCBs to 1
 

A bench-scale perox-pure1™ treatability study was performed on the
 
surface water during February 1991 at the PSI Testing Laboratory in
 
Tucson, Arizona. These tests were designed to provide a range of
 
data from which full-scale treatment criteria and costs would be
 
projected.
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MODULAR TREATMENT SYSTEMS 

MODEL CW-3EO 
CONTROL PANEL LAMP DRIVE ENCLOSURES ~ 

TREATED WATER OUT OXIDATION CHAMBERS 

OVERPRESSURE RELIEF HEADER 

CONTAMINATED WATER IN 

ELECTRICAL DISCONNECT PANELS 

i- OVERPRESSURE TIEIIEF SPECIFICATIONS Model CW-360 
now SWITCH PRESSURE INDICATOR 

Flow Rate: 
Maximum 250 gpm 1000 gpm 

TREATED WATER 
Connections: 150* Flange 150# Flange 

FLOW INDICATOR 
Inlet: 3" 6" 

TEMPERATURE TEMPERATURE SWITCH 
INDICATOR 

Outlet: 4" 6

Power Supply: 3 pH/60Hz/480V, 360KW, 480 Amps 
OP1IONAI. AUTOMATIC CONTAMINATED WATER 
DRAIN FOR FPEEZE Electrical Encl.: NEMA 3R 
pnoTCCrtON 

Material 
Wetted Parts: 316 SS. Quartz. Fluoroelastomers. TFE 
External Parts: Enameled Steel 

Weight 
HYDROGEN PEROXIDE FEED Shipping: 1 2500 Ibs. 

Operating: 1 7900 Ibs. 

The perox-pure™ chemical oxidation system consists of modular equipment designed to treat 
water contaminated by dissolved organic materials. Bench-scale process evaluations will 
determine the oxidation time necessary for the treatment level desired and whether pretreatment 
of the water is necessary. Full-scale oxidation chamber size and the number of lamps are then 
selected. 

The oxidation chamber is stainless steel. Lamps are horizontally mounted in quartz sleeves with 
fluoroelastomer seals. Indicators are provided to monitor performance of each lamp. Safety 
features include shop-wired and tested control panels interlocked with temperature and flow 
switches to shut off power at preset conditions. 

The perox-pure™ system and its components are covered by numerous issued and pending 
patents. 

Peroxidistion S/./stG7/ / 11.; // ic. 
5ISI I:. . Snilt- t. Aiiz.r}tt<t ll'.>7ll 

PP - 6.8-12/90 



2.0 TESTING PROCEDURES
 

2.1 Description of Surface Water
 

On January 29, 1991, approximately 12 gallons of surface water was
 
received from ERM at the PSI Laboratory in Tucson, Arizona. The
 
surface water was contained in 4-liter amber glass bottles with no
 
headspace.
 

Characterization of the surface water sample was performed by PSI
 
to determine parameters of importance for perox-pure*1* treatment.
 
The surface water as received contained iron and suspended solids
 
which were removed via gravity filtration prior to performing bench-

scale testing. The characterization results for the raw and filtered
 
surface water are shown below. An analysis of the raw surface water
 
revealed the presence of 80 /ig/1 of total PCBs. Naphthalene was not
 
detected.
 

Raw Filtered
 

Visual Color: Orange/ Clear/
 
Cloudy Colorless
 

pH: 6.5 6.5
 
Iron (mg/1): 12.5 2.5-1.8*
 
Chloride (mg/1): 14,250 14,250
 
Total Organic Carbon (mg/1): 7 7
 
Total Dissolved Solids (mg/1): 12,100 13,100
 
Est. Suspended Solids (mg/1): <20 <0.2
 
Alkalinity (mg/1): 150 110
 
Turbidity (FTU): 85 <5
 

* Several iron removal methods were investigated as part of the
 
bench-scale testing variables.
 

2.2 Testing Protocol
 

The bench-scale perox-pure** test unit was charged by placing an
 
aliquot of the water into a recycle reservoir. A pump was started
 
which circulated the solution through the UV oxidation chamber and
 
back into the reservoir providing continual mixing in the closed
 
system. Sulfuric acid was added to the surface water at this time
 
to adjust the pH for certain tests.
 

The UV lamp was illuminated to start a test, and H2O2 was added as
 
required to maintain a constant concentration in solution. The
 
solution temperature was controlled through use of an in-line
 
cooling coil. All materials in contact with the solution were
 
glass, quartz, stainless steel, viton or teflon.
 

After the appropriate oxidation times, samples of the treated water
 
were collected in 1-liter amber glass bottles. An untreated sample
 
was also collected in the same way. These samples were shipped to
 
Golden State Analytical in Van Nuys, California for PCB analyses.
 



3.0 TESTING RESULTS
 

Four perox-pure*™ treatment tests were performed on the contaminated
 
surface water. These tests were designed to determine the effects
 
of pH adjustment, H2O2 dosage, and iron removal efficiency on the
 
rate of PCB destruction. The test conditions are shown in Table 1.
 

Table 1
 

Bench-Scale perox-pure** Treatment Conditions
 
for the Contaminated Surface Water
 

H2O2 in Solution Initial Iron Removal* 
Test (ma/11 DH (Method; ma/ 11 
1 50 4.5 I ; 0.18 
2 50 4.9 II ; 2.5 
3 50 6.8 I ; 0.25 
4 25 5.3 I ; 0.18 

* Method I - Addition of 50 mg/1 of H2O2, followed
 
by filtration through 5 M media.
 

Method 2 - Filtration through 5 p. media.
 
mg/1 = Iron concentration after filtration.
 

The analytical results for the four tests are shown in Table 2. The
 
analytical reports are provided in Appendix A. The results for Test
 
1 demonstrate rapid destruction of the PCBs to below the 5 ^g/1
 
analytical detection limit. Although the PCB concentration was
 
below the detection limit in every treated sample from Tests 2, 3,
 
and 4, the influent PCB concentration for these tests was either
 
unknown or below the detection limit as well. Thus, it is not
 
possible to evaluate the effects of the test variables.
 

One possible explanation for the variation in PCB concentration in
 
the influent surface water samples is the affinity of PCBs for
 
adsorption onto solids. Test 1 was performed on the same day the
 
surface water samples arrived at the PSI lab. Tests 2, 3, and 4
 
were conducted three days later after the analytical results from
 
Test 1 had been evaluated. During the time between the treatment
 
tests, it is possible that the PCBs adhered to the surface of the
 
suspended solids in the surface water and were subsequently removed
 
during filtration.
 

Because of the minimum amount of treatability information received
 
from this study, the projection of full-scale perox-pure™ treatment
 
conditions is difficult for the contaminated surface water.
 
Therefore, PCB destruction rate data from previous perox-pure™
 
treatability studies conducted by PSI on similar water samples will
 
be used in addition to the rate data from Test 1.
 



Table 2
 

Bench-Scale perox-pure*" Treatment Results
 
for the Contaminated Surface Water
 

Full-Scale
 
Oxidation
 

Test Time fmin) PCBs (u.a/1)
 
1 0 57
 

1.5 <5
 
3.0 <5
 
6.0 <5
 

0 NA*
 
0.5 <5
 
1.0 <5
 

0 NA
 
0.5 <5
 
1.0 <5
 

0 <5
 
0.5 <5
 
1.0 <5
 

* Not analyzed.
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PUMPS 

Description: P-100A, P-100B Flocculation Feed Pumps 

Capacity: 350 GPM 

Operating Parameters: 

TDH 55 FT. 
BMP 10 HP 
Speed 1700RPM 

Description: P-102A, P-102B Filter Feed Pumps 

Capacity: ?>(<>$&& GPM 

Operating Parameters: 

TDH 
BMP W\\P 
Speed 1750RPM 

Description: P-103A, P-103B Polishing Filter Feed Pumps 

Capacity: ,39GGPM 

Operating Parameters: 

TDH . 155 FT. 
BHP 40?6 HP 
Speed 3700RPM 
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Description: Piping 

Location: Size ( diameter in.) 

Flocculation tank to secondary settling 6 

Backwash filter to Polishing Filter 8 
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Solids Treatment 
Process Flow 
Diagram 
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Description: Solids Dewatering System 

Model: Plate and Frame 

Capacity: Minimum Capacity to be determined based on incinerator 
requirements. 

Operating Parameters: 

Cake Solids Content - 50% 
Influent Solids Content - 30% 
Filtrate - returned to CDF Cell No. 2 

Ttw 

208-01-08 Group, 
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Description: Incineration 

Capacity: 7 tons/hr 

Operating Parameters: 

Influent Solids Concentration - 50% 
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INPUT SCREEN NO. «TYPE "alt" B TO 3TART EXE POUR NINES, INC.
 

DATA FILE KILN
 
CUSTOMER SUM
 
PROJECT 9008-004 -- NEW BEDFORD
 
DESCRIPTION KILN CALCULATIONS
 

7 TPH SOILS -- 50% WATER
 
ENGINEER SKM
 
TODAY IS 04/19/91
 

HEAT LOSS % - 3.00
 
MM BTU/HR 0.00
 

COMBUSTION AIR
 
HUMIDITY, LB H20/LB DRY ATR - 0.01
 
TEMPERATURE, DE<3 F - 60.00
 

INCINERATOR TEMPERATURE, DEG F - 1800.00
 
INCINERATOR PRESSURE, " WC - -0.50
 

NO. OF SCREENS	 - 3
 

INPUT SCREEN NO. 2
 

% ASH CARRIED WITH FLUE GAS - 10.00
 
ASH DISCHARGE TEMP, DEG F - 0.00
 
USE WATER COOL, ASH (YES = 1} - o
 
ASH COOLING WATER TEMP, DEG F - 0.00
 
KILN GAS « ASH EXIT TEMP DIP, DEG F 0.00
 
% OXYGEN REPLACEMENT (WT) - 0,00
 

FUEL NITROOEN CONVERTED TO NO, % - 0.00
 
( WASTE NO. 1 THROUGH $ ONLY )
 

UUi \tlfi**
 
r
 ********* r******* •********•.
 INPUT SCREEN NO. 3 7 - XS AIR = 25.00 %
 

WASTE NO. 1 *2 3 4 5 6
 
WASTE ID SOILS NAT. GAS TOTAL
 
LB/HR 14000.00 1523.02 0.00 0.00 o.oo 0.00 15523
 
BTU/LB 62.00 23879.00 0.00 0.00 0.00 0.00 2416. 81
 
MMBTU/HR 1.15 36.37 0.00 0.00 0.00 0.00 37.52
 
ATOMIZING
 
LB/LB AIR 0.00 0 .00 0.00 0.00 0.00 0.00 0.00
 
LB/LB STM 0.00 0.00 0.00 0.00 0.00 o.oo 0.00
 
COMPOS 'N 100.00 100.00 0.00 0.00 0.00 0,00 LB/HR
 

C 0.49 75.00 0.00 0.00 o.oo 0.00 1211
 
H 5.58 25.00 0.00 0.00 0 .00 0.00 1161
 
O 44.44 0.00 0,00
 0.00 0.00 0.00 6222
 
N 0.00 0.00 0.00 0.00 0.00 0.00 0
 
is 0.00 0.00 0,00 0.00 o.oo 0.00 0
 
CL	 0.49 0.00 0.00 0.00 0.00 0.00 €0
 

F 0.00
 0.00 0.00 0.00 0.00 0.00 0
 

BR 0 .00 0.00 0.00 o.oo 0.00 0.00 0
 

ASH 49.00 0.00 0.00 0.00 0.00 0.00 6660
 
TOTAL 100.00 100.00 1.00 1.00 1.00 1.00 15523
 

http:23879.00
http:14000.00
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DATA FILE KILN 

RESULTS SCREEN NO, 
COMBUSTION MR 

WASTE LB/HR SCPM 
1  6 34564 7643 
7 - 1  2 0 0 
13-18 0 0 
1 9 - 2 4 0 0 
TOTAL 34564 7643 

TOTAL INPUT 
WASTE MMBTU/HR LB/HR 

1 - 6 37.52 15523 
7 - 1 2 0.00 0 
13 - IB 0.00 0 
19 - 24 0.00 '. 0 
ATOM STEAM 0.00 0 
ATOM AIR 0.00 0 0.00 8CFM 
COMB AIR 0.49 34564 
OXYGEN 0.00 0 
ASM COOLING WATER 0.00 0 
TOtAL 38.01 50087 

RESULTS SCREEN NO. 2 
FLUE CAS COMPOSITION iSOO.OO DEC P 

L8/HR MOLE/HR %MOL WET %MOL DR¥ BTU/LB 
02 1571 49 10 2. 90 4.50 430 .97 
N2 26298 939 ,23 55. 45 86 .07 466 •48 
NO 0 0,00 0. 00 0.00 452 .40 
CO2 4441 100 ,94 5. 36 9.25 472 .29 
H20 10846 602 ,55 35. 58 1981 .59 
S02 0 0,00 0. 00 0.00 328 .04 
HCL 70 1,92 0. 11 0.18 345 ,65 
HBR 0 0* 00 0. 00 0.00 157 .43 
HF 0 0,00 0. 00 0.00 612 .70 
ASH 686 522 .00 
TOTAL 43913 1693 •73 100. 00 100 .00 

FLUE GAS AT 43913 
1800 .00 

LB/HR 
DEO F 

4660S ACFM 
36.92 MMBTU/HR 

9.856 
0.000 GR/DSCF87 

ASK PLOW AT 
TOTAL OUTPUT IS 

6174 ,00 
50087 

LB/HR 
LB/HR 

1800 
40 

.00 

.14 
DSG P 
MMBTU/HR 

3.22 MMBTU/HR 

HEAT LOSS IS 1.14 MMBTU/HR 
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AFTERBURNER CALCULATIONS «;TVPE "alt" E TO START EXfi FOUR NINES, INC.
 
f~ 

DATA FILE - ( SCC , . __ __ _ 

CUSTOMER 
PROJECT 9000 004 - NEW BEDFORD 
DESCRIPTION SCC CALCULATIONS 

7 TPH SOILS -- 50% HATER 
ENGINEER SHM 
TODAY IS 04/19/91 

HEAT LOSS % 3.00 
MM BTU/HR 0.00 

COMBUSTION AIR 
HUMIDITY, LB H2O/LB DRY AIR 0.01 
TEMPERATURE, DEO F 60.00 

AFTERBURNER TEMPERATURE, DEC F  2200.00 
AFTERBURNER PRESSURE, " WC -1.00 
% OXYGEN REPLACEMENT (WT) 0.00 
FUEL NITROGEN CONVERTED TO NO, %  0.00 

INPUT SCREEN NO. 2 X3 AIR 10.00 % A************************ 
FUEL NO.
FUEL ID

 .  I---,,. 
 (NAT.CAS ,iLr TOTAL 

LB/HR '-1515-51 0.00 0.00 0,00 o.oo 0.00 1020 
BTU/LB 23879.00 
MMBTU/HR 24.34 

0.00 
0.00 

0.00 
0.00 

o.oo 
0.00 

0.00 
0 .00 

0.00 
0 .00 

23879 
24.34 

ATOMIZING 
LB/LS AIR 
LB/LB STM 

o.oo
0.00

 o.oo 
 0.00 

o.oo 
0.00 

o.oo 
0.00 

0 .00 
0.00 

0.00 
0.00 

0.00 
0.00 

COMPOS'N 100.00 0.00 0.00 0.00 0.00 0.00 LB/HR 
C 75.00 0.00 0.00 0.00 0.00 0.00 765 
H 25.00 0.00 0.00 0.00 0.00 0.00 2SS 
O Q.OO 0.00 0.00 0.00 0.00 0.00 0 
N 0.00 0.00 0.00 0,00 0.00 0.00 0 
3 0.00 0.00 0.00 0.00 0.00 0.00 0 

CL 0.00 0.00 0.00 0.00 o.oo 0.00 0 
F 0.00 0.00 0.00 0.00 0.00 0.00 0 

BR 0.00 0.00 0.00 0.00 0.00 0.00 0 
ASH 0.00 0.00 0.00 0.00 0.00 0.00 0 

TOTAL 100.00 100.00 1.00 1.00 1.00 13.00 1020 
INPUT SCREEN NO,
 
FLUE GAS INLET TEMPERATURE; 1800.00 DEC F
 
FLUE UAH COMPOSITION;
 

MOLE/HR %MOL WET %MOL DRY BTU/LB
 
O2 1571 49,10 2.90 4.50 430.97 
N2 26298 939.23 55,45 86.07 466.48 
NO 0 0.00 0.00 0.00 452,40 
C02 4441 100,94 5.96 9.25 472.29 
H20 10946 602,55 35 . 58 1981.59 
S02 0 0.00 0.00 0.00 328.04 
HCL 70 1.92 0.11 0.18 
HER 0 0.00 0.00 0.00 157.43 
IIP 0 0.00 0.00 0.00 612.70 
ASH 686 522.00 
TOTAL 43913 1693.73 100.00 100.00 36.92 
TOTAL 43913 
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DATA FILE SCC 

RESULTS SCREEN NO. 1 

TOTAL INPUT: 

FUEL STREAMS 1 
FLUE GAS IN 
ATOM STEAM 
ATOM AIR 
COMB AIR 
OXYGEN 
TOTAL 

- 6 
MMBTU/HR 

24.34 
36.92 
0.00 
0.00 
0.28 
0.00 
61.54 

LB/HR 
1020 
43913 

'. 0 
0 

19738 
0 

64670 

0 SCFH 
4365 SCPM 

RESULTS SCREEN NO. 2
 
FLUE GAS COMPOSITION
 

HR MOLE/HR %MOL WET %MOL DRY DTU/LB
 

02 1979
 61.34 2.53 3.63 538.76
 
N2 41316 1475.58 60.30 86.60 583.49
 

NO 0 0.00 0.00 0.00 556.40
 
C02 7245 164, 66 6.73 9. 66 596.33
 
H20 13374 742.99 30.36 2220.40
 
502 0 0.00 0.00 0.00 411.01
 
HCL 70 1.92 0.08 0.11 432.18
 
HBR 0 0.00 0.00 0.00 197.45
 
HF 0 0.00 0.00 0.00 764.18
 
ASH 686 642.00
 
TOTAL 64670 2446.99 100.00 100.00
 

FLUB GAS AT 64670 LB/HR 79352 ACPM 0 DSCPM
 
2200.00 DEC F 59.66 KMBTO/HR
 

HEAT LOSS IS 1.85 MMBTD/HR
 



006 
11/14/91 10:58
 FOUR NINES, INC.
 

QUENCH CALCULATIONS «TYPE "alt" E TO START EXE FOUR NINES, INC,
 

DATA FILE - QNCH CUSTOMER - ERM
 
PROJECT - 9008-004 -- NEW BEDFORD
 
DESCRIPTION - QUENCH CALCULATIONS
 

1 TPH SOILS -- 50% WATER /
 
ENGINEER - SHM TODAY IS - C4/19/91
 

QUENCH METHOD (1=BO1LER, 2=WATER, 3=STEAM, 4=AIR, 5«ADIABATIC)- 5.00
 
STEAM GENERATED - 0 LB/HR 0 DEGF 0.00 PSIG
 
CONDENSATE RECY - 0 LB/HR 0.00 DEG B 0.00 %
 
BOILER BLOWDOHN 0 LB/HR 0.00 % BY WT
 
WATER FLOW RATE 44961 LB/HR 89.92 0PM 80.00 DEO F
 
STEAM FLOH RATE 0 LB/HR 0.00 DEG F 0.00 PSIG
 
AIR FLOW RATE 0 LB/HR 0,00 SCFM 0.00 DEO F
 

HUMIDITY 0.00 LB/LB DA; CaO/N 0.00 0.00 DEO F
 
CaO FLOH RATE 0 LB/HR 0.00 % CaO 0.00 % EXCESS
 
WaOH PLOW RATE 0 LB/HR 0.00 % NaOH 0.00 % EXCESS
 
BLOW DOWN RATE 7546 LB/HR 10.00 % SOLIDS/ 0.00 % EXCESS
 
EFFICIENCY: SCRUBBING 99.00 % ASAS\\ SOLIDSSOLIDS// 99.90
 

SCREEN NO. 2
 
INPUT DEG F OUTPUT DEG F IN WC 

2200 .00 188.30 -5.00 % VOL % VOL 

02 
LB/HR 
1979 

BTU/LB 
538.76 

LB/HR 
1979 

BTU/LB 
28 .24 

MOLES/HR 
61.84 

WET 
1.35 

DRY 
3.63 

N2 41316 583 .49 41316 31 .83 1475.58 32.32 86.69 
NO 0 556.40 0 33.36 0.00 0.00 0.00 
C02 7245 596,33 7245 27 .08 164.66 3.61 9.67 
H20 13374 2160 .40 51544 1116.99 2863.56 62.72 
SO2 0 411.01 0 19 .72 0.00 0.00 0.00 
HC1 70 432.08 1 24.37 0.02 0.00 0.00 
HBr 0 197 .45 0 10.98 0.00 0.00 0.00 
HP 0 764.18 0 42.09 0.00 0.00 0.00 
ASH 686 642 .00 1 38 .49 0,00 

TOTAL 64670 58 .86 102086 59 .14 4565.66 100.00 100. 00 
CHECK 64b70 

K 

AA' 
36443 
0.007 
0.006 

ACFM 
GR/DSCF 
CR/DSCF fi 7% 02 

http:5�ADIABATIC)-5.00


Description: Solids Storage Facilities 

Capacities: 

Pre-Solids Dewatering (2 days)

Post Solids Dewatering (2 days)

Fly Ash Storage (5 days)

Bottom Ash Storage (5 days)

Total Ash Storage (80 days)

Volume (cu. ft.}
 
 13,250
 

 6750
 

 1650
 

 5400
 

 140,000
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Material Balance
 



WATER TREATMENT 1 2 3 4 5 6 7 8A SB 8C 9 10 11 12 13 
MASS BALANCE MICRO UV/ 

DREDGNG QUALIZATOI QUALIZATia ALUM POLYMER TOCCULATOf CLARIFIER PEROXDE PEROXCE POLYMER SOMPRESSE FILTER FILTER OXDATION FILTER 
FLOW INFLUENT EFFLUENT REED FEED EFFUJENT EFFLUENT FfflJ FEED FEED AIR EFaUENT EFFLUENT EFRUENT REJECTS 

DESIGN AVG. ROWiGPM) 2,100 2,100 350 1.4' 21* 368 368 2* 2' 10 4" 350 350 350 18 
TSS CONCENTRATION (PPM) 50.000 600 600 2,695 100 5 3 3 1,949 
MASS FLOW-WATER (LB/DAY) 3,988,404 3,988,404 3,988,404 375 4,200 4,418.712 4,418.712 442 442 4,200 4.197.776 4.197.776 4.197,776 215,914 
MASS FLOW-TSS (LB/DAY) 209,916 2.393 2,393 - - 11,910 442 - - - - 21 10 10 421 
PCB (PPB) 3,857,000 49,000 49,000 - - 51,294 2,800 - - . - 533 320 <1.5 46,940 
HEAVY METALS QiG/L) 141,000 4,874 4,874 . - 4,880 114 . . . . 114 114 114 114 
IRON (PPM) - 41 41 - - 47 12 - - - - 6 2 2 129 
PAH (PPB) 23 3 3 . - 3 1 - . . . 1 1 <1 1 

4,198,320
 
OGPH
 

(") SCFM
 

SOLIDS TREATMENT S1 S1A S2 S2A S3 S4 S4A S4B S5 S6 S7 
MASS BALANCE SEDIMENT 

TRANSFER STORAGE DEWATERING FILTRATE DEWATER NCINERATOF auE EXIT ay BOTTOM ASH TO 
FLOW DRAIN INFLUENT RETURN EFFLUENT FEED GAS GAS ASH ASH DISPOSAL 

TOTAL WASTE FLOW (LB/HR) 77,778 2.357 23,569 9,569 14,000 14.000 63,985 108,192 1,370 6,520 7,872 
WASTE FLOW-SOLIDS (LB/HR) 21,919 236 7,071 71 7,000 7,000 686 1 685 6,313 6,998 
WASTE FLOW-WATER1LB/HR) 55,859 2.121 16,498 9,498 I 7.000 7,000 51,544 57,650 685 189 874 
FUELJLB/HR NATURAL GAS) . . - - - 2,543 - - - - 
COMBUSTION AIR . . . . - 54,302 - - . - 
QUENCH WATER . . . . . 44,961 . . . . 
PCB (PPM) 21,723 7,708 23,125 570 38,541 38,541 - - - <5 <5 
HEAVY METALS (uG/L) 777,427 275,861 827.583 20,384 1,379,305 1,379,305 - - 2,114,264 2,524,262 2,452,911 
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Summary of HELP Model Results 

The leachate production rates for the New Bedford Harbor Disposal Facility 
cap designs were generated using the HELP computer model. A summary of 
the results are as follows: 

Two caps were examined consisting of the following layers: 

Proposed Cap (3 feet thick):
 

-6 inch top soil
 

-18 inch cover soil
 

-filter fabric
 

-drainage net
 

-60 mil HDPE geomembrane
 

-12 inch select fill
 

Massachusetts DEP Solid Waste Cap (4 feet thick):
 

-12 inch top soil
 

-6 inch cover soil
 

-18 inch clay
 

-12 inch select fill
 

From the annual average rainfall of approximately 41 inches, 9.4 inches 
runoff the solid waste cap, 28.9 inches will evapotranspirate, 1.2 inches 
drain laterally across the barrier layer while approximately 1.6 inches 
penetrate the cap. 

The proposed cap however, allows more runoff and lateral drainage 
across the liner system (5 inches and 9.4 inches, respectively) and has 
less than 0.01 inches actually penetrate the liner. Thus, the proposed 
cap is more effective than the solid waste cap in minimizing leachate 
production. 



**********************************************************************
 
***********************************************************************
 

NEW BEDFORD PROPOSED CAP
 
NEW BEDFORD, MA
 
JLT 12-JUN-91
 

***********************************************************************
 
***********************************************************************
 

GOOD GRASS
 

LAYER
 

VERTICAL PERCOLATION LAYER
 
THICKNESS 6.00 INCHES
 
POROSITY 0.4630 VOL/VOL
 
FIELD CAPACITY 0.2320 VOL/VOL
 
WILTING POINT 0.1157 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2320 VOL/VOL
 
SATURATED HYDRAULIC CONDUCTIVITY 0.001553999959 CM/SEC
 

LAYER
 

VERTICAL PERCOLATION LAYER
 
THICKNESS 18.00 INCHES
 
POROSITY 0.4057 VOL/VOL
 
FIELD CAPACITY 0.3089 VOL/VOL
 
WILTING POINT 0.2099 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.3089 VOL/VOL
 
SATURATED HYDRAULIC CONDUCTIVITY 0.000002100000 CM/SEC
 

Tin

LAYER
 tm
 

LATERAL DRAINAGE LAYER
 
THICKNESS 0 25 INCHES
 
POROSITY 0 8000 VOL/VOL
 
FIELD CAPACITY 0 0400 VOL/VOL
 
WILTING POINT 0, 0200 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0, 0400 VOL/VOL
 
SATURATED HYDRAULIC CONDUCTIVITY 20, 000000000000 CM/SEC
 
SLOPE 3, 00 PERCENT
 
DRAINAGE LENGTH 182 . 0 FEET
 



LAYER
 

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
 
THICKNESS 12.00 INCHES
 
POROSITY 0.4057 VOL/VOL
 
FIELD CAPACITY 0.3089 VOL/VOL
 
WILTING POINT 0.2099 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.4057 VOL/VOL
 
SATURATED HYDRAULIC CONDUCTIVITY 0.000002100000 CM/SEC
 
LINER LEAKAGE FRACTION 0.00060000
 

GENERAL SIMULATION DATA
 

SCS RUNOFF CURVE NUMBER 72.00 
TOTAL AREA OF COVER = 113231 SQ FT 
EVAPORATIVE ZONE DEPTH 28.00 INCHES 
UPPER LIMIT VEG. STORAGE 10.2806 INCHES 
INITIAL VEG. STORAGE 8.6262 INCHES 
INITIAL SNOW WATER CONTENT 0.0000 INCHES 
INITIAL TOTAL WATER STORAGE IN 
SOIL AND WASTE LAYERS 11.8306 INCHES 

SOIL WATER CONTENT INITIALIZED BY PROGRAM.
 

CLIMATOLOGICAL DATA
 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
 
SOLAR RADIATION FOR BOSTON MASSECHUSSESTS
 

MAXIMUM LEAF AREA INDEX =3.30
 
START OF GROWING SEASON (JULIAN DATE) = 127
 
END OF GROWING SEASON (JULIAN DATE) = 290
 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

29.60 30.70 38.40 48.70 58.50 68.00. 
Tin
 

73.50 71.90 64.60 54.80 45.20 33.3
 

Group
 



***********************************************************************
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 74 THROUGH 78
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

PRECIPITATION
 

TOTALS 5.35 2.84 3.30 2.85 2.93 1.80
 
2.37 4.89 3.89 3.89 2.35 4.48
 

STD. DEVIATIONS 1.82 0.47 1.09 1.09 1.12 0.77
 
1.15 2.01 2.47 0.72 1.68 1.17
 

RUNOFF
 

TOTALS 1.920 0.840 0.147 0.006 0.163 0.000
 
0.000 0.441 0.189 0.244 0.240 0.790
 

STD. DEVIATIONS 1.889 1.044 0.231 0.013 0.267 0.000
 
0.000 0.747 0.394 0.236 0.538 1.097
 

EVAPOTRANSPIRATION
 

TOTALS 0.775 1.252 2.265 2.773 2.789 3.649
 
1.987 3.644 2.971 2.152 1.510 0.757
 

STD. DEVIATIONS 0.149 0.189 0.224 0.471 0.452 1.095
 
0.393 1.530 1.289 0.161 0.044 0.190
 

LATERAL DRAINAGE FROM LAYER 3
 

TOTALS 2.1079 1.8534 1.4714 0.9765 0.4152 0.0770
 
0.0000 0.0000 0.0000 0.3605 0.8948 1.1502
 

STD. DEVIATIONS 0.2353 0.3644 0.6574 0.7791 0.5382 0.1128
 
0.0000 0.0000 0.0000 0.5620 0.9252 1.0498
 

PERCOLATION FROM LAYER 4
 

TOTALS 0.0013 0.0012 0.0013 0.0012 0.0012 0.0004
 
0.0000 0.0000 0.0000 0.0002 0.0007 0.0008
 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002
 
0.0000 0.0000 0.0000 0.0004 0.0007 0.0007
 

***********************************************************************
 



/o3/
 
******************************************************************* * ** * / 

AVJERAGE ANNUAL TOTALS & (STD. D E V I A T I O N S ) FOR YEARS 74 THROUGH 78 

(INCHES) (CU. FT.) PERCENT
 

PRECIPITATION 40.93 ( 3.969) 386231. 100.00
 

RUNOFF 4.981 ( 2.670) 47001. 12.17
 

EVAPOTRANSPIRATION 26.524 ( 1.254) 250281.
 

LATERAL DRAINAGE FROM 9.3069 ( 3.4081) 87819.
 
LAYER 3
 

PERCOLATION FROM LAYER 4 0.0082 ( 0.0016) 77. 0.02
 

CHANGE IN WATER STORAGE 0.111 ( 0.681) 1052. 0.27
 

;***************
 

***************************************************** ******************
 

PEAK DAILY VALUES FOR YEARS 74 THROUGH 78
 

(INCHES) (CU. FT.)
 

PRECIPITATION 2.64 24910.8
 

RUNOFF 2.060 19438.1
 

LATERAL DRAINAGE FROM LAYER 3 0.0720 679.1
 

PERCOLATION FROM LAYER 4 0.0000 0.4
 

HEAD ON LAYER 4 0.1
 

SNOW WATER 4.10 38642.2
 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4013
 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1846
 

***********************************************************************
 



*********************************************************************** 

LAYER (INCHES) (VOL/VOL) 

1 2.17 0.3609 

2 6.94 0.3855 

3 0.07 0.2945 

4 4.87 0.4057 

SNOW WATER 0.00 

Qroup 



***********************************************************************
 
***********************************************************************
 

NEW BEDFORD SOLID WASTE CAP
 
NEW BEDFORD, MA
 
JLT 12-JUN-91
 

***********************************************************************
 
***********************************************************************
 

GOOD GRASS
 

LAYER
 

VERTICAL PERCOLATION LAYER
 
THICKNESS 12.00 INCHES
 
POROSITY 0.4630 VOL/VOL
 
FIELD CAPACITY 0.2320 VOL/VOL
 
WILTING POINT 0.1157 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2320 VOL/VOL
 
SATURATED HYDRAULIC CONDUCTIVITY 0.001553999959 CM/SEC
 

LAYER
 

LATERAL DRAINAGE LAYER
 
THICKNESS 6.00 INCHES
 
POROSITY 0.3339 VOL/VOL
 
FIELD CAPACITY 0.0529 VOL/VOL
 
WILTING POINT 0.0245 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.0529 VOL/VOL
 
SATURATED HYDRAULIC CONDUCTIVITY 0.000289999996 CM/SEC
 
SLOPE 3.00 PERCENT
 
DRAINAGE LENGTH 182.0 FEET
 

Group
 LAYER
 

BARRIER SOIL LINER
 
THICKNESS 18.00 INCHES
 
POROSITY 0.4300 VOL/VOL
 
FIELD CAPACITY 0.3663 VOL/VOL
 
WILTING POINT 0.2802 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.4300 VOL/VOL
 
SATURATED HYDRAULIC CONDUCTIVITY 0.000000100000 CM/SEC
 



LAYER
 

VERTICAL PERCOLATION LAYER
 
THICKNESS 12.00 INCHES
 
POROSITY 0,4057 VOL/VOL
 
FIELD CAPACITY 0.3089 VOL/VOL
 
WILTING POINT 0.2099 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.3089 VOL/VOL
 
SATURATED HYDRAULIC CONDUCTIVITY 0.000002100000 CM/SEC
 

GENERAL SIMULATION DATA
 

SCS RUNOFF CURVE NUMBER 72.00 
TOTAL AREA OF COVER = 113231. SQ FT 
EVAPORATIVE ZONE DEPTH 28.00 INCHES 
UPPER LIMIT VEG. STORAGE 7.5594 INCHES 
INITIAL VEG. STORAGE 7.1686 INCHES 
INITIAL SNOW WATER CONTENT 0.0000 INCHES 
INITIAL TOTAL WATER STORAGE IN 
SOIL AND WASTE LAYERS 14.5482 INCHES 

SOIL WATER CONTENT INITIALIZED BY PROGRAM.
 

CLIMATOLOGICAL DATA
 

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
 
SOLAR RADIATION FOR BOSTON MASSECHUSSETS
 

MAXIMUM LEAF AREA INDEX =3.30
 
START OF GROWING SEASON (JULIAN DATE) = 127
 
END OF GROWING SEASON (JULIAN DATE) = 290
 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT
 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
 

29.60 30.70 38.40 48.70 58.50 68.00 
73.50 71.90 64.60 54.80 45.20 33.30

The 

Group 



***********************************************************************
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 74 THROUGH 78 

**" JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

TOTALS 5.35 2.84 3.30 2.85 2.93 1.80 
2.37 4.89 3.89 3.89 2.35 4.48 

STD. DEVIATIONS 1.82 0.47 1.09 1.09 1.12 0.77 
1.15 2.01 2.47 0.72 1.68 1.17 

RUNOFF 

TOTALS 3.397 1.804 0.945 0.516 0.245 0.000 
0.000 0.037 0.000 0.019 0.557 1.866 

STD. DEVIATIONS 2.214 1.267 1.154 0.478 0.487 0.000 
0.000 0.081 0.000 0.034 1.245 2.092 

EVAPOTRANSPI RATI ON 

TOTALS 0.780 1.263 2.288 2.933 2.985 4.977 
2.326 3.833 3.030 2.152 1.554 0.768 

STD. DEVIATIONS 0.152 0.187 0.225 0.498 0.561 0.824 
0.218 1.756 1.371 0.209 0.091 0.180 

LATERAL DRAINAGE FROM LAYER 2 

TOTALS 0.2328 0.2069 0.2003 0.1421 0.1044 0.0377 
0.0003 0.0066 0.0064 0.0524 0.0964 0.1503 

STD. DEVIATIONS 0.0284 0.0134 0.0391 0.0367 0.0188 0.0152 
0.0004 0.0126 0.0077 0.0435 0.0875 0.1152 

PERCOLATION FROM LAYER 3 

TOTALS 0.2053 0.1865 0.1987 0.1798 0.1753 0.1376 
0.0040 0.0313 0.0512 0.1225 0.1358 0.1732 

STD. DEVIATIONS 0.0088 0.0042 0.0092 0.0089 0.0047 0.0198 
0.0055 0.0480 0.0539 0.0716 0.0797 0.0461 

PERCOLATION FROM LAYER 4 

TOTALS 0.1768 0.1766 0.1984 0.1885 0.1846 0.1670 
0.1170 0.0769 0.0646 0.0756 0.0962 0.1259 

STD. DEVIATIONS 0.0201 0.0116 0.0053 0.0062 0.0056 0.0051 
0.0093 0.0054 0.0191 0.0236 0.0336 0.0499 

*********************************************************************
 



*********************************************************************
 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 74 THROUGH 78
 
TTw
 

(INCHES) (CU. FT.)
 

PRECIPITATION 40.93 ( 3.969) 386231.
 

RUNOFF 9.387 ( 3.427) 88575.
 

EVAPOTRANSPIRATION 28.888 ( 1.398) 272588. 

LATERAL DRAINAGE FROM 1.2366 ( 0.2796) 11668. 
LAYER 2 

PERCOLATION FROM LAYER 3 1.6012 ( 0.1968) 15109. 3.91
 

PERCOLATION FROM LAYER 4 1.6481 ( 0.1073) 15551. 4.03
 

CHANGE IN WATER STORAGE -0.228 ( 1.347) -2151. -0.56
 

***********************************************************************
 

***********************************************************************
 

PEAK DAILY VALUES FOR YEARS 74 THROUGH 78
 

(INCHES) ( CU. FT. )
 

PRECIPITATION 2.64 24910 .8 

RUNOFF 2 .132 20119 .6 

LATERAL DRAINAGE FROM LAYER 2 0.0082 77 .6 

PERCOLATION FROM LAYER -3 0.0069 65 .0 

HEAD ON LAYER 3 18 .7 

PERCOLATION FROM LAYER 4 0.0066 62 .5 

SNOW WATER 4.10 38642 .2 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4200
 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0852
 

***********************************************************************
 



*********************************************************************** 

-' FINAL WATER STORAGE AT END OF YEAR 78 

LAYER JCHES(INCHES) (VOL/VOL) 

1 4 . 24.277 0.3556 

2 2 .02.000 0.3339 

3 7 . 77.744 0.4300 

4 4 .04.088 0.3403 
Th* 

SNOW WATER 0.00 

*********************************************************************** 
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Worksheet 3: Time of concentration (Tc) or travel time 

Project b̂ &yV E&proigTa By JL.T Date 

Location Checked Date 

Circle one: Present Developed 

Circle one: TC T£ through subarea
 

NOTES: Space for as many as two segments per flow type can be used for each
 
worksheet.
 

Include a map, schematic, or description of flow segments."
 

Sheet flow (Applicable to TC only) Segment ID
 

1. Surface description (table 3-1)
 

2. Manning's roughness coeff., n (table 3-1) .. < on
 
3. Flow length, L (total L .< 300 ft) ft
 

4. Two-yr 24-hr rainfall, Pj in
 

5. Land slope, s ft/ft
 

6.072)
6. Tt- Compute T ...... hr

0.5 0.4
 

*2 a
 

Shallow concentrated flow Segment ID
 

UWP/W6D7. Surface description (paved or unpaved) 

' 8. Flow length, L ft \*& 

9. Watercourse slope, s.......................ft/ft 0.ooe>
 
10. Average velocity, V (figure 3-1) ........... ft/s 1.4-5
11. T. Compute T hr 0,022) + 

3600 V
 

Channel flow Segment IDD 

12. Cross sectional flow area, a ft2 2 

13. Wetted perimeter, p ........ ft 6M\
 

14. Hydraulic radius, r -— Compute r f t 0,3^ 

15. Channel slope, s / ftt o.D^ft/f
 

O . O l l16. Manning's roughness coeff., n
 
2/3 1/2
1.49 r  s


17. V - Compute V ft/t/ss °i. |<5 

18. Flow length, L f t 2,oO 

19> T Compute T hr 0,00^ •»• 
t " 3600~T
 

20. Watershed or subarea T or T (add T in steps 6, 11, and 19) ....... hr
 

(210-VI-TR-55, Second Ed.,June 1986)
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RESPONSE TO COMMENT #1 - BOLTON 

The incinerated ash will be placed in the Confined Disposal Facility (CDF) #1 
to an approximate elevation shown on the Drawings. The HOPE 
geomembrane, which lines the existing cell, will be detached from both 
sheetpile walls and folded over the ash. The existing sheetpile wall between 
CDF #1 and the adjacent cell on the eastern portion of the site will then be 
demolished to the top of ash elevation. The debris from the adjacent cell, 
which includes concrete and other construction waste, will be spread over 
the top of the ash so that the debris is distributed between CDF # 1 and the 
existing cell. The excess berm will then be spread over the debris and 
graded out at 3% slopes as shown on the Drawings. This berm will provide 
the initial 6 inches of the cap. The next 6 inches will be imported select fill 
that meets the requirements in the specifications and does not contain 
objects that will produce tearing or punctures in the geomembrane. If the 
excess berm material cannot satisfy the initial 6 inches of the subgrade 
layer, then additional select fill will be imported so that 1 foot of subgrade 
can be achieved, with at least 6 inches of the subgrade to be select fill. 
The single most important function of a cover system is to minimize 
percolation of surface water through the cover. Percolation can be 
estimated by water balance analysis. Water balance takes into account the 
amount of water that is applied to the cover (i.e., rainfall, irrigation, etc.) and 
the amount that leaves the cover (i.e., runoff, evaporation, transpiration, and 
subsurface drainage). The difference is considered to be the water 
percolating through the cover. 

The amount of percolation was estimated by HELP (Hydrogeologic Evaluation 
of Landfill Performance - EPA, 1984a and 1984b) computer model. The 
HELP model takes into account environmental effects such as average solar 
radiation, vegetation, leafyness of the cover vegetation, and effective 
evaporation zone depth. The soil parameters that are included in the model 
are hydraulic conductivity, porosity, field capacity, and wilting point. The 
HELP model uses the design of the cover system and accounts for number 
and type of layers (i.e., barrier, drainage, vertical permeation, and waste), 
thickness of layers, slope of the barrier layer and lateral distance to a drain. 
Input parameters for this model are discussed below. 
Daily Precipitation Data: The daily precipitation data was taken from the 
NOAA records for Boston, Massachusetts, located about 45 miles from the 
site. The daily precipitation data for 5 years (1974-1978) inclusive was used 
for the data base. 

Average Monthly Temperature: The average monthly temperature data was 
also taken from the NOAA records of Boston, Massachusetts. 



Average Solar Radiation: The values of solar radiation of Boston were used. 

Leaf Area Index (LAI): Leaf area index may range from 0 to 3 where a value 
of 0 represents bare ground and 3 represents the maximum possible 
vegetation cover. 

Vegetation: This is an indication of surface cover by vegetation. The model 
accepts 7 types of vegetation cover from bare ground; good and fair row 
crops; excellent, good, fair, and poor stands of grass. The expected quality 
of vegetation for the New Bedford site is a good stand of grass. 

Winter Effects on Cover Vegetation: The HELP model accepts 13 different 
LAI values with time of the year to account for dormant periods of winter. 

Evaporation Zone Depth: The evaporation zone depth depends on the type 
of vegetation and its quality of coverage. A good to excellent stand of grass 
has an effective evaporation zone depth of 28 inches. 

Hydraulic Conductivity: The hydraulic conductivity (vertical) of the 
compacted clay liner is 1 X 10 -7 cm/sec and that of the barrier soil with 
flexible membrane liner is 2.1 X 10 -6. The HELP model assumes that the 
horizontal and vertical permeabilities are identical. 

Porosity. Field Capacity, and Wilting Point: Porosity is the volume of voids in 
a unit volume of soil. The field capacity is the volume of water that a unit 
volume of soil can retain against the force of gravity. The wilting point is the 
maximum volumetric water content below which plants can not withdraw 
water from soil. These values are obtained from the default soil values for 
the associated USDA soil types. 

Layers of Soils: The HELP model can accept up to nine layers of five 
different types of soil layers. The five types of layers that can be modeled 
are: 1) Vertical Permeation Layer (top soil and cover soil); 2) Lateral 
Drainage Layer (sand or equivalent); 3) Barrier Soil Layer (clay liner); 4) 
Waste Layer (or backfill); and 5) Barrier Soil with an Impermeable Liner. 

The cover components to be used for the Confined Disposal Facility are 
shown in the design calculations. 

Geometry of the Layout: The HELP model also takes into account the 
geometry of the site including the slope of the barrier layer, the distance to 
the nearest open drain and the total surface area of the site. A conservative 
value of the three percent slope with 182 feet of slope length is used. 

The complete results of HELP output is presented in Appendix F for the five 
year period (1974-1978) of rainfall data. The analysis of the proposed cap 
verses a Massachusetts DEP solid waste cap demonstrates that the proposed 
cap, which includes a 60 mil, HDPE geomembrane in place of a compacted 



clay layer is more effective in preventing water from penetrating the cap and 
thus reducing the amount of leachate generated in the CDF. 

Due to concerns with the freezing of the cap layers, the stability of the cap 
was analyzed assuming a worse case scenario. In the event that the drainage 
layer within the cap should freeze completely, thus resulting in no friction 
between the net and the geomembrane, additional woven geotextile filter 
fabric will be placed over the non-woven filter fabric as reinforcement. This 
reinforcing filter fabric will prevent sliding of the cap at an acceptable factor 
of safety. The use of a 60 mil HOPE geomembrane was agreed to upon by 
the Commonwealth of Massachusetts. In our experiences, the 60 mil 
geomembrane is found to be more durable during placement and is less 
likely to sustain damage from equipment and workers. The geotextiles used 
were selected based on the requirements of the solid waste cap agreed to by 
the Commonwealth of Massachusetts. Thus the materials and its properties 
became the basis for the design. 

Anchor trenches will be constructed along the perimeter of the cap to 
collect lateral drainage across the drainage layer. The crested cap design 
allows the self weight of the cap to hold the liner in place. It also does not 
create any downward pull of the liner in the trench as might be expected in 
a cell liner use. The trench will contain a 4 inch perforated HDPE pipe 
surrounded by aggregate. The geomembrane will line the bottom of the 
trench with the geotextiles wrapping underneath the 4 inch perforated 
HDPE pipe. Aggregate will be placed over the pipe and topped with the 
overlapping filter fabrics. The drainage in the trench will be transported via 
perforated pipes to 4 outlets shown on the drawings. An additional piece of 
non-woven geotextile filter fabric will be wrapped around the pipe and 
placed over the aggregate in order to prevent fines from entering and 
clogging the drain. 

The cap is designed with minimum 3% slopes to allow for adequate drainage 
off the cap. Drainage ditches will be constructed on the cap to divert runoff 
away from the existing sheetpile wall. Runoff will sheet flow off the 
northern and eastern portions of the cap. Areas draining off the southern 
and western slopes will be carried in the drainage channels to prevent 
flooding of the roadway. All drainage will discharge to the River. 
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• Table 6.10 • Recommended Preliminary Factor of Safety Values to Determine Allowable Flow Rate of 

# 

Application Area 

sport fields, capillary 
breaks 

roof and plaza decks 

retaining walls, seeping 
reck and soil slopes 

drainage blankets 

surface water drains 

FSlN 

1.0 10 12 

12 to 1.4 

1J to13 

1.3 to 1.5 

1.3 to 1-5 

Factor of Safety Value for Eq. 6.3 

FSoi* ^Scc

1.0 to 12 1.0 to 12

1.0 to 12 1.0 to 1.2

U to 1.4 1.1 to 1.5

12 to 1.4 1.0 to 12

U to 1.4 1.0 to U

 P^BC 

 1.1 to U 

 1.1 to 1.3 

 1.0 to U 

 1.0 to 12 

U to 1.5 
—

^r | 

t § !

;}j 
 v^) (J _ 

1 for landfill caps 

secondary leachate
collection (landfill) 

1.5 to 2.0 1.4 to 2.0 1.5 to 2.0 1J to 2.0 

pnmarv leachate 
collection (landfill) 

UtoZO 1.4toZO 1.5 to 2.0 1J to 2.0 
V̂m v^ J^* (1 — 

strip (wick) drains** 1.5WZ5 1.0to2.5 1.0 to U 1.0 to U 

highway edge drains 12 to 1.8 W to 3.0 1.1 to 1.5 1.0 to 12 

•These values assume that the "qu)i" value was obtained using an applied normal pressure of 2 to 3 times the 
field anticipated maximum value. If not, the values must be increasd.

••An additional term for kinking must be included, where FSj^j  1.0 to 4.0.
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AMBIENT PCB LEVELS IN AIR
 



Group	 Interoffice Correspondence 

To: John Gallagher	 Date: 23 August 1991 

From: John Shrock Subject: New Bedford Harbor 
John Haasbeek Ambient PCB Levels 
Robin Streeter in Air 

PCB levels of up to 471 ng/m3 were previously monitored in the vicinity 
of the "hot spot" by NUS (Final Air Monitoring Report, July 1990). While 
these levels warrant concern, they should not be relied on as a predictor 
of the levels that might occur during the dredging and pumping operations 
proposed for the New Bedford Harbor cleanup. The monitored values 
occurred when the tides were low, thereby exposing the heavily 
contaminated mudflats. There are several explanations why high ambient 
concentrations were reported during the monitoring, including the 
following: 

•	 The mechanical action of the waves between tides may act to 
disturb the sediments, thereby increasing volatilization. 

•	 Aerosols may be formed as a result of the wave action, serving 
as another mechanism (in addition to volatilization) to increase 
PCB emissions. 

•	 The area of contamination directly exposed to the air during low 
tide may be very large. In fact, this area would encompass more 
than just the "hot spot" area. 

•	 Since the measurements were made over a six hour period, the 
mudflats were also likely to have been exposed during some 
portion of the monitoring period considered to be at "high tide." 
Thus, it is likely that even those measurements made at "high 
tide" do not represent the concentrations which would occur as 
a result of the remedial activities. 

The CDF is designed to provide a continuous water cover for the sediment. 
PCB concentrations in the water will be less than 100 ppb. Consequently, 
the potential for emissions is low. This is a very different situation than 
having a large area of sediments with very high levels of PCBs - up to 
100,000 ppm - exposed directly to the air, such as was the case when the 
air monitoring was performed. For this reason, we feel that the ambient 
air concentrations measured during the monitoring activities are not 



Name 
Organization 
DayMonthYear 
Page 2 

representative of the air concentrations likely to occur as a result of the 
proposed dredging and CDF operations. 
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DEPARTMENT OF THE ARMY
 
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS 

3909 HALLS FERRY ROAD 
VICKSBURG. MISSISSIPPI 39180-6199 

REPLY TO
 
ATTENTION OF
 

CEWES-EE-S 10 July 1991
 

MEMORANDUM FOR Mr. Mark Otis, U.S. Army Engineer Division, New England,
 
ATTN: CENED-PD-L, 424 Trapelo Road, Waltham, MA 02254-9149
 

SUBJECT: Preliminary Results from the Laboratory Assessment of PCB
 
Volatilization for New Bedford Harbor Hotspot Sediment
 

Introduction
 

1. A confined disposal facility (CDF) is a diked area for gravity separation
 
and storage of dredged material solids. When contaminated dredged material is
 
placed in a CDF, the potential exists for volatile organic chemicals
 
associated with the sediment to be released to the air. Sediments from the
 
New Bedford Harbor Superfund Site, New Bedford, MA, contain significant
 
amounts of polychlorinated biphenyls (PCBs), some of which may be released to
 
the air from slurries disposed in the CDF.
 

2. In a memorandum dated 21 May 1991 Mr. Tommy Myers described the
 
theoretical calculations for estimating the volatile losses for Aroclors 1242
 
and 1254. These estimates were based on the equations of Thibodeaux, which
 
assume a constant concentration of PCB in the water. The laboratory studies
 
were designed to test the accuracy of this assumption.
 

3. This memorandum summarizes the laboratory results obtained to date from
 
measurement of volatile emissions of [14C] PCB 153 from New Bedford Harbor
 
sediment. The information contained herein should be regarded as preliminary
 
and subject to change pending final results for the study.
 

Methods
 

4. The experimental apparatus '(volatilization chambers) are illustrated in
 
Figure 1. The lower portion of the apparatus consisted of a 250-ml glass
 
beaker without a pour spout. The top of the chamber was a number 13, teflon
 
covered, rubber stopper fitted with a polyurethane foam (PUF) plug for
 
trapping volatilized PCB and a syringe for sampling the slurry. Surface area
 
of the chamber was 0.00353 square meters. Volume of the chamber above the
 
slurry was approximately 90 cubic centimeters (cc). The carrier gas was air
 
with a flow rate of 14 cc/min.
 

5. The experimental design for this study accommodated the monitoring of
 
volatile PCB emissions for three different slurry concentrations (10X, 5Z, and
 
IX sediment by weight) and three different turbulence levels. Initial studies
 
were conducted with radioisotope amended sediment which allowed frequent
 
sampling for PCB concentrations in volatile and aqueous phases. The initial
 
study is being followed by direct monitoring of volatilization using the same
 
experimental apparatus for the hot spot sediment.
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6. Sediment for the radioisotope portion of this study was low- level New
 
Bedford sediment containing approximately 30 mg/Kg total PCB. Use of a
 
radiotracer allowed quick and economical determination of several test
 
conditions for use in the hot spot study. Less contaminated material was used
 
to avoid creating a mixed waste in the laboratory (high PCB and radioactive).
 
The radioisotope was uniformly ring labeled [14C]PCB 153 (2,2',4,4',5,5'
hexachlorobiphenyl), hereafter referred to as PCB 153. To amend the sediment,
 
sufficient PCB 153 in hexane to obtain a labelled concentration of 10 mg/Kg
 
sediment dry weight was evenly coated onto the lower one third of the beaker
 
as the hexane evaporated to dryness. To each of the beakers 150 mis of 10Z
 
New Bedford Harbor sediment slurry was then added. Stir-bars of cross
 
sectional area 2.4 cm* (1 inch), 4.6 cm7 (1.5 inch), and 6.5 cm2 (2 inch) were
 
introduced to the beakers to simulate wind induced mixing. Beakers were
 
sealed, placed on constant speed magnetic, stirrers set at 180 rpm, and allowed
 
to stir with no air flow for 24 hours. This allowed sufficient time for the
 
PCB 153 on the container walls to move to the sediment and reach steady state
 
concentrations in the water (Brannon et al. 1989). At the end of this .
 
equilibration period, air flow was initiated, and PUF plugs were sampled at
 
hourly intervals for 6 hours in the 10X slurry units. PCB 153 trapped in the
 
PUF plugs was extracted by drawing 5-ml aliquots of hexane into the syringe
 
holding the plug, allowing the hexane to stand for 15 sec, then slowly eluting
 
the hexane. Aliquots of hexane from three successive extractions were pooled
 
and 5 ml was added to 15 ml of Ultima Gold liquid scintillation (LS) cocktail
 
(Packard Instruments, Meriden CT) and counted for 10 min in a Packard 2500 TR
 
Liquid Scintillation Analyzer using the external standard, channels ratio
 
method. Each time PUF plugs were removed, water samples were obtained by
 
drawing 2 mis of slurry through the water sampling port, transferring it to a
 
25-ml glass centrifuge tube and centrifuging the slurry at 7,400 RCF (12,000
 
rpm) for one hour at 20 °C. This centrifugation time and speed results in
 
removal from solution of particulates larger than 0.01 um.
 

7. The experiments with the 5X and IX slurry concentrations were conducted in
 
the same manner as with the 10X slurry except that the sampling times were
 
changed to 2, 4, 6, and 24 hrs to allow longer PCB 153 accumulation times for 
the PUF plugs because of the lower total mass of radioisotopes in the units.
 

Results and Discussion
 

8. Water concentrations and volatile losses of PCB 153 from the 10Z slurry
 
are summarized in Table 1. Significant differences in volatile losses and
 
water concentrations existed between the units with a 1-inch stirbar and units
 
with 1.5- and 2-inch stirbars. Volatile loss and water concentration data for
 
the 10X slurry and 1- and 1.5-inch stirbars are presented in Figures 2 and 3,
 
respectively. High variability in volatile losses was observed in units with
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the two inch stirbars.- No significant differences were observed for volatile
 
losses or water concentrations between sampling times in a treatment. Water
 
concentrations did not decrease as volatiles were lost from the system,
 
indicating that desorption from sediment solids rapidly replenished water
 
column PCB 153 lost by volatilization. Therefore, sediment/water desorption
 
kinetics was not a limiting factor for volatilization. This supports the
 
premises of the equations of Thibodeaux used by Myers in his volatilization
 
calculations, i.e., that water concentrations are controlled by solubility or
 
equilibrium partitioning. Desorption kinetics do not limit the extent of
 
volatilization by controlling water concentrations.
 

9. Water concentrations and volatile losses of PCB 153 from the 5X slurry are
 
summarized in Table 2. No significant differences existed over time for any
 
of the 5Z slurry:stirbar combinations. The increased variability noted in the
 
5% slurry experiments was due to low isotope counts because of the 50Z
 
decrease in the amount of radioactivity in each experimental unit (7.5 g of
 
sediment versus 15 g of sediment with a. loading of 10 ug/g).
 

10. Water concentrations and volatile losses of PCB 153 from the IX slurry*
 
are summarized in Table 3. No significant differences existed over time for
 
any of the 1Z slurry:stirbar combinations. The increased variability noted in
 
the 5Z slurry experiments continued for the 1Z slurry experiments because
 
isotope counts decreased to 10Z of that in the 102 slurry experiments.
 

11. Six hour data from the radioisotope portion of the study are summarized
 
in Tables 4 and 5. Table 4 presents average water concentrations and volatile
 
losses for each slurry concentration:stirbar combination. This was possible
 
because of the lack of significant differences between sampling times for all
 
slurry concentration: stirbar combinations. These data show that average
 
volatile losses from the 10X slurry concentration were significantly higher
 
for the 1.5- and 2-inch stirbars than for the 1-inch stirbar. Similar
 
differences in PCB 153 water concentrations were observed. Cumulative
 
releases for the 10X slurry concentrations also parallel results for average
 
volatile loss rates. No significant differences were observed for any of the
 
5Z or 1Z slurry concentration:stirbar combinations.
 

12. Volatile emission rates reported in Table 4 for the laboratory evaluation
 
are substantially lower than those estimates reported previously based on
 
theoretical equations for field conditions and New Bedford hot spot sediment
 
characteristics. Reasons why the experimental rates are lower than the
 
previously estimated rates are:
 

• Previous estimates were for Aroclors (mixtures of PCB congeners)
 
whereas the experimental data are for a single PCB congener. Aroclor
 
mass emission would, therefore, be higher than the mass emission of a
 
single PCB congener.
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• Previous calculations assumed PCB to be present at the Aroclor
 
solubility limit. The experimental PCB congener concentrations were
 
below the Aroclor solubility limit.
 

• The experimental apparatus simulates quiescent atmosphere conditions
 
when there is little wind. In the experimental apparatus, air speed
 
over the water surface was probably low enough for a stagnant boundary
 
layer on the air side of the interface to develop. Such a boundary
 
layer would inhibit volatile emissions. The previous calculations for
 
the theoretical models assumed a wind speed of 10.9 mph.
 

13. As shown in the following calculation, theoretical estimation is in good
 
agreement with the experimental data if the appropriate wind speed is used.
 
The basic model equation for volatile emissions from a water surface is as
 
follows:
 

where
 

nA - flux of chemical A through air-water interface, mg/cm
2 hr.
 

lKrM — overall liquid phase mass-transfer coefficient, concentration
 
driving force, cm/hr
 

pA2 - dissolved concentration of chemical A, mg/cm
s
 

p**A2 - hypothetical concentration of chemical A in water for background
 
concentration of chemical A in air, mg/cm3.
 

For a background concentration in air of zero, p**A2 is also equal to zero, so
 
that equation 1 becomes
 

The overall liquid-phase mass-transfer coefficient,1K'A2 , depends on wind
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speed and the molecular diffusivity of chemical A in water and can be
 
estimated with the LST equation (Lunney, Springer, and Thibodeaux 1985) given
 
below.
 

2 23 667
IK-' ~ IQ fi v - n-	  (3)
 K-A1 ~ iy • o Vjj. -L/A2	 '
 

where
 

Vx — wind speed, miles per hour
 

DA2 — molecular diffusivity of chemical A in water, cm
7/sec
 

Using a wind speed of 1 mph, a molecular diffusivity of 4.1 E-06cmj/sec, and
 
the observed PCB concentration of 0.01 mg/J! (Table 4) yields
 

•
 

I19 23
= -6 (i)2-  (4.1 .x-io-6)-667 ~L] [i.o x io-5 -3£L] (4)
 

-	 (5.0E-08 100° "? 10000
 
cm2 hr mg
 

14. The estimated value is in the data range given in Table 4. If wind
 
speeds of higher than 1 mph are used, then the estimated emission rates
 
increase. Wind speeds of 4 mph are required for the estimates to exceed the
 
experimental data by an order of magnitude. It is not likely, however, that
 
the air-water interface in the experimental apparatus is equivalent to field
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conditions when wind speeds are significantly greater than 1 mph.
 

15. The experimental data show the theoretical equations to be substantially
 
correct. Until experimental laboratory or field data are available for
 
refuting the theoretical models, the theoretical equation provides a rational
 
basis for making volatile emission estimates.
 

16. The laboratory study, theoretical model evaluation, and analysis of
 
results presented above were performed by Dr. Jim Brannon, Geochemist, Mr.
 
Tommy Myers, Environmental Engineer, and Mr. Daniel Averett, Environmental
 
Engineer, U.S. Army Engineer Waterways Experiment Station. The work was
 
performed for the U.S. Army Engineer Division, New England (NED). Mr. Mark
 
Otis was Project Manager for NED.
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(j JAMES M. BRANNON, PhD
 
Geochemist
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TOMMY E. MYERS
 
Environmental Engineer
 
Water Supply and Waste Treatment Group
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Environmental Engineer
 
Water Supply and Waste Treatment Group
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FIGURE 1. EXPERIMENTAL APPARATUS
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PCB-153 VOLATILE LOSS FROM 10 PERCENT SLURRY 
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Figure 2. PCB-153 Volatile Loss from 10 percent slurry with 1- and
 
1.5-in. stirbars
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PCB-153 CONCENTRATION IN 10 PERCENT SLURRY 
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Figure 3. PCB-153 solution concentration in 10 percent slurry units with 1
and 1.5-inch stirbars.
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Table 1. Volatile losses (̂ g/m'/hr) and water concentrations (mg/1) from the
 
10 percent slurry. Standard errors are in parenthesis.
 

Volatile Losses
 

Time, hr 1 inch stirrer 1. 5 inch stirrer 2 inch stirrer 
1 0.56 (0.45) 1.81 (0.35) 1.18 (0.84) 
2 0.15 (0.10) 1.15 (0.19) 1.10 (0.85) 
3 0.17 (0.09) 1.58 (0.13) 1.44 (0.96) 
4 0.16 (0.12) 0.84 (0.14) 0.85 (0.53) 
5 0.23 (0.17) 0.81 (0.19) 1.01 (0.45) 
6 0.28 (0.10) 0.97 (0.19) 0.84 (0.59) 

Water Concentrations
 

Time, hr 1 inch stirrer 1.5 inch stirrer 2 inch stirrer
 
1 0.007 (0.0025) 0.01 (0.003) 0.013 (0.0025)
 
2 0.005 (0.003) 0.01 (0.002) 0.012 (0.0006)
 
3 0.005 (0.0005) 0.012 (0.0017) 0.009 (0.0004)
 
4 0.006 (0.0035) 0.015 (0.005) 0.012 (0.002)
 
5 0.005 (0.003) 0.008 (0.0015) 0.007 (0.0015)
 
6 0.012 (0.007) 0.015 (0.0002) 0.013 (0.0004)
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Table 2. Volatile losses (/ig/m*/hr) and water concentrations (mg/1) from the
 
5 percent slurry. Standard errors are in parenthesis.
 

Volatile Losses 

Time, hr 1 inch stirrer 1.5 inch stirrer 2 inch stirrer̂  
2 0.68 (0.63) 0.50 (0.41) 1.04 (0.80) 
4 0.67 (0.62) 0.44 (0.34) 0.73 (0.47) 
6 0.61 (0.54) 0.43 (0.36) 0.90 (0.65) 
24 Samples lost due to air regulator malfunction
 

Water Concentrations
 

Time, hr 1 inch stirrer 1.5 inch stirrer 2 inch stirrer
 
2 0,003 (0.000007) 0.004 (0.002) 0.008 (0.0006)
 
4 0.007 (0.0015) 0.008 (0.006) 0.009 (0.0002)'
 
6 0.006 (0.003) 0.003 (0.0008) 0.010 (0.001)
 
24 Samples lost due to air regulator malfunction
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Table 3. Volatile losses (pg/ma/hr) and water concentrations (mg/1) from the
 
1 percent slurry. Standard errors are in parenthesis.
 

Volatile Losses 

Time, hr 1- inch stirrer 1.5 inch stirrer 2 inch stirrer 
2 0,97 (0.65) 0.47 (0.26) 0.23 (0.11) 
4 0.56 (0.40) 0.37 (0.20) 0.18 (0.08) 
6 0.56 (0.42) 0.37 (0.24) 0.16 (0.08) 
24 0.33 (0.22) 0.20 (0.12) 0.13 (0.06) 

Water Concentrations
 

Time, hr 1 inch stirrer 1.5 inch stirrer 2 inch stirrer
 
2 0.01 (0.005) 0.003 (0.000004) 0.02 (0.02)
 
4 0.03 (0.0004) 0.002 (0.0008) 0.002 (0.00002)
 
6 0.005 (0.002) 0.002 (0.0002) 0.003 (0.0003)
 
24 0.006 (0.003) 0.004 (0.0002) 0.002 (0.0004)
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Table 4. Average volatile losses of PCB-153 [/*g/m2/hr (SE)] from New Bedford
 
Harbor Sediment and water concentrations [mg/1 (SE)] of slurries during six
 
hours of testing.
 

Volatile Losses 
Percent Sediment 1 inch stirrer 1.5 inch stirrer 2 inch stirrer 
10 0.26 (0.08) 1.19 (0.12) 1.07 (0.25) 
5 0.65 (0.30) 0.46 (0.18) 1.00 (0,33) 
1 0.70 (0.26) 0.40 (0.12) 0.18 (0.05) 

Water Concentrations
 
Percent Sediment 1 inch stirrer 1,5 inch stirrer 2 inch stirrer
 
10 0.007 (0.001) 0.012 (0.001) 0.011 (0.0005)
 
5 0.005 (0.001) 0.005 (0.001) 0.007 (0.0012)
 
1 0.006 (0.002) 0.002 (0.0003) 0.007 (0.005)
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Table 5. Cumulative volatile losses of PCB-153 [̂ g (SE)] from New Bedford
 
Harbor Sediment after six hours of testing.
 

Percent Sediment 1 inch stirrer 1.5 inch stirrer 2 inch stirrer
 
10 1.54 (1.03) 7.16 (1.02) 6.40 (4.15)
 
5 1.95 (1.77) 1.37 (1.10) 2.67 (1.89)
 
1 2.09 (1.45) 1.21 (0.29) 0.56 (0.26)
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1 Introduction 

Sediments in the New Bedford Harbor, New Bedford, Massachusets, 
are heavily contaminated with polychlorinated biphenyls (PCBs). 
Investigation and remediation of the Harbor is being undertaken by 
the U.S. Army Corps of Engineers; the Corps has identified several 
strategies for cleanup of the Harbor, all of which involve dredging of 
the contaminated sediments and their temporary storage in an 
intermediate Confined Disposal Facility (CDF). As part of their 
engineering evaluation of the remediation, the U.S. Army Engineer 
Waterways Experiment Station (WES) performed an assessment of 
potential air quality impacts resulting from implementation of the 
proposed dredging. Their evaluation involved first estimating an 
emission rate for PCBs released from the CDF and then performing 
dispersion modeling to determine the maximum ambient air 
concentrations downwind of the facility. The calculations performed 
by WES are considered preliminary, but the results suggest that there 
may be an unacceptable impact on air quality as a result of the 
proposed dredging and disposal operations. 

ERM, Inc. has reviewed the calculations performed by WES and 
prepared a supplemental evaluation. The objective of ERM's efforts 
was twofold: 

•	 To determine whether an unacceptable impact on air quality is 
considered likely as a result of the proposed dredging activities, 
and 

•	 To assist in determining appropriate control measures, if 
unacceptable degradation of air quality is anticipated. 

Our	 review involved three tasks: 

•	 Evaluate other methodologies to estimate emission rates for PCBs 
from the CDF; 

•	 Perform supplemental dispersion analyses to estimate downwind 
concentrations; and 

•	 Review results of the modeling efforts and compare with 
applicable ambient air target levels; these comparisons will be 
used to help focus on those factors (e.g., surface area) which 
appear to be key to reducing ambient air concentrations, based on 
the results of the modeling. 
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The results of each of these tasks are presented in the following 
sections. 

 Calculation of Emission Rates 

The initial task involved reviewing current literature to identify 
methods for the calculation of emission rates of semivolatile 
compounds from nonaerated surface impoundments. Following the 
identification of appropriate methods, calculations were performed to 
determine a range of emission rates. 

The literature survey (Attachment A) indicated that the primary 
methodology for estimating emission rates relies on the application of 
a two-phase resistance model. Where the background concentration 
of the chemical of concern in air is negligible, the model is of the 
form: 

Ci = KiCs 

where 

ei = emission rate (g/cm2-s) 

KI = overall mass transfer coefficient (cm/s) 

Cs = liquid phase concentration of contaminant (g/cm3) 

Application of this approach involves the estimation of appropriate 
coefficients to describe both the gas phase (kic) and the liquid phase 
(kiL) mass transfer; these coefficients are then used to derive the 
overall mass transfer coefficient (Ki). Considerable work has been 
performed by L. Thibodeaux, D. Mackay, S. Hwang, P. Liss, P. Slater, 
and others to develop workable methods for estimating these 
parameters. Their methods have been validated through a number of 
laboratory experiments where predicted emission estimates were 
compared to measured values. 

Although much work has been done to develop methods for deriving 
mass transfer coefficients, it appears that these values generally lie 
within a relatively small range. Liquid phase mass transfer coefficients 
are typically on the order of 10'3 - 10"4 cm/s, while gas phase mass 
transfer coefficients are typically on the order of 10-l cm/s. Various 
factors have been identified which control the mass transfer process, 
including wind speed, temperature, and wind fetch. It is recognized 
that chemical-specific properties such as vapor pressure and 



diffusivity also exert moderate influence on the rate of volatilization 
(Anderson and Parker 1990). 

A simpler version of the two phase resistance model (USEPA 1988) 
was adapted by Farino from work of Thibodeaux and Hwang to 
describe emission rates from a pool of pure chemical. This model 
relies on the use of a single, gas-phase mass transfer coefficient to 
predict the emission rate of the chemical of concern. 

In addition to the one and two phase resistance models described 
above, two other models have been identified which utilize much 
different approaches. The model put forth by Hartley (USEPA 1987, 
Dragun 1988) relates the rate of volatilization of a chemical to the rate 
of evaporation of water. It is based on Pick's first law, in which the 
rate of molecular diffusion is considered to be proportional to the 
saturation vapor concentration and the diffusion coefficient. 

Another approach is presented in The Soil Chemistry of Hazardous 
Materials (Dragun 1988), and is derived from a method developed by 
T. Shen. It predicts the emission rate of a hazardous constituent in a 
pool of waste, and is based on the vapor pressure and diffusion 
coefficient of the chemical of concern. 

2.1 Comparison of Emission Rates 

Emission rates were calculated, using the basic approaches outlined 
above, to assess potential emissions both from a pool of pure PCBs and 
from a surface impoundment which contains an aqueous solution of 
PCBs. The following calculations were performed: 

•	 Estimation of the emission rate of PCBs from a pool of pure 
product, using the single phase resistance model and assuming 
that the mass transfer is gas phase controlled; the gas phase mass 
transfer coefficient (kic) was calculated according to Hwang 
(1982), as presented in the Superfund Exposure Assessment 
Manual (USEPA 1988). 

•	 Estimation of the emission rate from a pool of pure PCBs, again 
using the single phase resistance model and assuming that the 
mass transfer is gas phase controlled; in this calculation, the gas 
phase mass transfer coefficient is computed according to the 
method presented in NTGSS (USEPA 1989). 

•	 Estimation of the emission rate of PCBs from an aqueous solution, 
using the two phase resistance model and assuming that the mass 



transfer is liquid phase controlled; the PCB concentration was 
assumed to be equal to the water solubility of PCBs; the mass 
transfer coefficients were calculated according to the methods 
presented in the Superfund Exposure Assessment Manual (USEPA 
1988). 

•	 Estimation of the emission rate of PCBs using the method 
developed by Hartley (USEPA 1987, p. 169); this method was 
used to evaluate emissions both from a pool of pure chemical and 
from an aqueous solution; in the latter case, the concentration of 
PCBs was assumed to be equal to the water solubility. 

•	 Estimation of the emission rate of PCBs using the method 
developed by Dragun (Dragun 1988, p. 275) and based on the 
work of T. Shen (1982); as in the previous calculation, the 
method was used to assess releases both from a pool of pure 
product and from an aqueous solution. 

The estimated emission rates associated with volatile releases from an 
aqueous solution were then compared to the range of emission rates 
predicted by WES for varying wind speeds. In addition, the emission 
rates developed by WES were recalculated in two ways: 
•	 Using the assumptions in this review (as described in the next 

section), to permit a more accurate comparison; and 
•	 Using data for different Aroclors, to determine the variability in 

emissions anticipated for the various PCB compounds. 

2.2 Assumptions 

To ensure consistency in results, the following assumptions were 
used, where applicable, in the calculation of emission rates: 
•	 Chemical data for Aroclor® 1254 were used in all calculations 

(except where noted). 

•	 The concentration of PCBs in an aqueous solution is equal to the 
water solubility of Aroclor® 1254 (obtained from the literature); 
the water solubility of a chemical serves as the upper bound of the 
liquid phase concentration (Cs) used in the calculation of emission 
rate (ei). 

•	 The exposed area over which emissions can occur has the 
dimensions of 100 meters by 100 meters. 

•	 The temperature is equal to 303° K (30° C). 



• The wind speed is equal to 3 m/s. 

2.3 Summary of Results 

The calculated emission rates are summarized in Tables 1 through 3. 

Table 1 
Evaluation of Emissions from a Pool of Pure PCBs 

Model	 Result 
(g/cm2-s) 

(1)	 Single phase resistance 4.3 x 10'10 

(2)	 Single phase resistance 4.6 x 10*10 

(3) Two phase resistance	 NA 

(4) Hartley	 1.3 x 10'10 

(5) Dragun 5.4xlQ-12
 

(-) WES NA
 

Table 2 
Evaluation of Emissions from an Aqueous Mixture of PCBs 

Model	 Result 
(g/cm2-s) 

(1)	 Single phase resistance NA 

(2)	 Single phase resistance NA 

(3)	 Two phase resistance 3.1 x 10'10 

(4) Hartley	 4.0 x 10-18 

(5) Dragun l.TxlO'^ 

(-) WES 1.2 x 10-11-8.8 x 10-11 

(-) WES* 5.0 x lO-12 

*	 The emission rate calculated by WES was modified to include the specific 
assumptions used in this exercise (i.e., wind speed = 3 m/s and PCB 
concentration = water solubility of Aroclor® 1254). 



Table 3 
Comparison of Emission Estimates* for Various Aroclors® 

Aroclor®	 Result 
(g/cm2-s)
 

Aroclor 1016 7.4 xlO'11
 

Aroclor 1221 7.4x10-09
 

Aroclor 1232 3.1 x 10'08
 

Aroclor 1242 4.2 xlO'11
 

Aroclor 1248 9.3 x 10'12
 

Aroclor 1254 5.2 x 10'12
 

Aroclor 1260 4.4 xlO'13
 

Emission estimates are based on the calculations performed by WES, but 
have been modified to incorporate the properties of specific Aroclors. 

2.4 Observations and Conclusions Regarding the Estimation of Emission 
Pates 

Based on the preceding calculations, the following observations may be 
made: 

•	 There is general agreement among the various approaches used to 
assess emissions from a pool of pure product. 

•	 There is also relative agreement among the various applications of 
the two phase resistance method. Although WES uses a more 
detailed method to calculate kiL and kic, the results do not vary 
over more than one or two orders of magnitude. This is 
consistent with information presented in the current literature 
which suggests that kiL (and hence the overall emission rate) does 
not vary by more than a factor of approximately 50, in spite of 
variations in wind speed and fetch. 

•	 A more interesting comparison can be made between the results 
of Hartley and Dragun methods and the two phase resistance 
model. As stated previously, the Hartley method is based on 
relating the volatilization of a chemical to the evaporation of 
water, while the Dragun approach draws from an earlier method 
developed by Shen which relates emission rate to a chemical's 



vapor pressure and diffusion coefficient. It is recognized that both 
methods were developed to assess the volatilization of chemicals 
from a spill or a pool of pure chemical, and, hence, may not be 
directly applicable to the assessment of emissions of dissolved 
phase constituents. However, it is interesting that, when these 
methods are used to estimate the emissions from a pool of pure 
product (i.e., weight fraction equal to 100%), the predicted 
emissions are on the same order of magnitude (10-10 g/cm2-s 
10"12 g/cm2-s) as the emissions calculated using the two phase 
resistance model and a dissolved phase concentration equal to the 
water solubility. When the Hartley and Dragun models are applied 
using a weight fraction of PCBs equal to the solubility, the 
predicted emission rate is 6 - 8 orders of magnitude below the 
emission rates predicted using the two phase resistance model. 

•	 As shown in Table 3, emission estimates made for different 
Aroclors result in a range of estimates spanning five orders of 
magnitude (i.e., 4 x 10~13 - 3 x 10'8 g/cm2-s). However, for those 
Aroclors which are believed to be the primary contaminants at the 
New Bedford facility (Aroclor 1242 and Aroclor 1254), the 
emission estimates are within an order of magnitude of each 
other. Still, these results indicate the need for careful analysis to 
verify which Aroclors are present in the New Bedford sediments. 

•	 A review of literature indicates that caution must be taken in 
predicting the emission rates for mixtures. Apparently, predicted 
emission rates tend to greatly overestimate total emissions. This 
is perhaps born out by the experiments undertaken by WES, in 
which the air concentrations of PCBs were below the limits of 
detection. 

•	 A review of the available literature indicates that there is good 
correlation between predicted and measured emissions, for well-
designed laboratory studies. However, considerable care is 
necessary to accurately measure emissions. 

•	 Little if any work appears to have been done to correlate 
predicted and measured ambient air concentrations in outside of 
the laboratory. 

Finally, it should be emphasized that these calculations do not address 
the effect of exposed surface area on total emissions; this may be the 
single easiest factor to control. 



3 Dispersion Modeling 

Dispersion models were used to evaluate the potential off-site air 
concentrations resulting from emissions of volatilized PCBs from the 
CDF. The models were run with a normalized source emission rate of 
1 g/sec, and the resulting predicted concentrations scaled back to the 
calculated emission rates for the entire CDF. 
The CDF was represented in the dispersion models as a flat, square 
area source measuring 86 meters on a side. Each model was run using 
both urban and rural dispersion coefficients, since the proper 
designation of the area surrounding the CDF has not been determined. 
Two models were used to evaluate potential downwind concentrations 
of PCBs: 
•	 the Industrial Source Complex model - Long Term (ISCLT) was 

used to evaluate annual average concentrations; and 
•	 the SCREEN model was used to evaluate 24 hour average 

concentrations. 

3.1 ISCLT 

To evaluate potential annual average ambient concentrations of PCBs, 
the Industrial Source Complex model (Long Term version) was used. 
A 4-year average meteorological data set was obtained for the New 
Bedford airport (1963 - 1967). The meteorological data was obtained 
in the form of a Stability Array (STAR). A polar receptor grid was 
constructed around the center of the CDF in angular increments of 
22.5 degrees. To increase the accuracy of the area source algorithms 
in ISCLT, the CDF was represented by four area sources each 
comprising one quarter of the CDF. The closest receptor was located 
approximately one source width from the edge of the area sources, i.e. 
at a distance of 50 meters from the edge of the CDF, or 100 meters 
from the center of the CDF. 
The top three predicted concentrations from runs using urban and 
rural dispersion coefficients are listed in Table 4. In order to simplify 
the comparisons, an average flux rate of PCBs from the CDF of 5x10'12 

g/cm2/sec is assumed (see Table 2). Using an area of 7.4xl07 cm2, 
the emission rate is approximately 0.00035 g/sec. 
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Table 4 
ISCLT Results 

Direction* Distance** Concentration 
Run Type (degrees) (meters) (^ig/mS) 

Rural 67.5 100 0.068 

Rural 90.0 100 0.064 

Rural 45.0 100 0.062 

Urban 67.5 100 0.029 

Urban 90.0 100 0.027 

Urban 45.0 100 0.026 

* - direction is measured clockwise from true north 
** - distance is measured from the center of the CDF 

Table 5 shows the maximum concentration in any direction for various 
distances from the CDF. This table indicates the degree to which 
concentrations can be expected to drop off with distance. 

Table 5 
Maximum Concentration Versus Distance 

Urban Dispersion Coefficients 

Distance Concentration 
(meters) (^ig/m3) 

100 0.029 

200 0.0089 

500 0.0019 

1000 0.00058 

5000 0.000043 

3.2 SCREEN 

The SCREEN model was used to evaluate short term (24-hour average) 
concentrations of PCBs. Two sets of results are shown below for the 



screen model. First, the model was run using an E stability (stable 
atmosphere) and 1.0 m/sec wind speed. These conditions represent 
the meteorology which produce the least dispersion. However, E 
stability occurs only during nighttime hours, and therefore the results 
of this run represent the worst hourly concentrations. It is standard 
practice to scale the worst hourly concentration by a factor of 0.4 to 
derive an estimate of the 24-hour average concentration. This 
approach is conservative, and typically overestimates the 24-hour 
average. 

The model was also run using D stability (neutral atmosphere) and a 
5.0 m/sec windspeed. These conditions are representative of an 
"average" condition throughout the day, and the results of this run are 
used as representative 24-hour average concentrations. 

The results of the SCREEN model are listed in Table 6. 

Table 6
 
SCREEN Model Results
 

Distance* 24-Hour Concentration (jo.g/m3) 
(meters) Scaled" Estimated*** 

100 0.20 0.046 

200 0.080 0.017 

500 0.022 0.0038 

1000 0.0082 0.0012 

5OOO O.001O O.OOO11 

* measured from center of CDF 

* * 24-hour average extrapolated from the highest 
predicted one-hour concentration using a scaling 
factor of 0.4 

* * * 24-hour average estimated using D stability and a 5.0 
m/sec windspeed to represent the most common 
meteorological condition throughout a 24 hour 
period. 
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4 Air Quality Standards 

Two ambient air quality standards exist for PCBs in Massachusets: the 
first is an annual average Allowable Ambient Limit (AAL) PCB 
concentration of 0.0005 (ig/m3, and the second is a 24 hour average 
Threshold Effects Exposure Limit (TEL) of 0.003 ^g/m3. 

The origin of the TEL is unclear. The short term OSHA TWA values for 
PCBs have been withdrawn and PCBs will be regulated as carcinogens 
under OSHA. Therefore, in the absence of documented acute 
toxicological effects, acceptable air concentrations of PCBs should be 
calculated based on carcinogenic effects. 
An acceptable risk-based air exposure concentration can be calculated 
from the carcinogenic potency factor for PCBs. Using the assumption 
of lifetime exposure 24 hours per day, the acceptable risk-based 
concentration is: 

__ acceptable risk level * body weight 
alr ~ carcinogenic potency factor * inhalation rate 

10-6 * 70 kg 
* 100°= 7.7 1/mg/kg/day * 20 nvVday 

= 0.00045 

However, since the CDF will only be operational for less than one year, 
the acceptable concentration can be adjusted to reflect the lifetime 
average dose by multiplying by 70/1. The acceptable concentration 
then becomes 0.032 |ig/m3. In addition, the highest ambient air 
impacts from the site will occur only at short distances since the 
source is a non-elevated, ambient temperature area source. If areas 
surrounding the CDF can be properly characterized as industrial, the 
acceptable concentration in those areas may be further modified to 
account for exposure occurring 8 hours/day and 250 days/year. The 
resulting acceptable concentration for industrial areas is 0.14 [ig/m3. 
Table 6 summarizes ambient air target levels. 
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Table 6
 
Ambient Air Target Levels
 

Target Level Concentration 

Massachusets TEL 0.003 M-g/m3 

Massachusets AAL 0.0005 |ig/m3 

Risk-based (lifetime exposure) 0.00045 ng/m3 

Risk-based (one-year exposure) 0.032 ng/m3 

Risk-based (industrial area) 0.14 fig/m3 

 Discussion and Conclusions 

A great deal of uncertainty accompanies the estimation of volatile 
emissions of PCBs from the proposed CDF. Two different physical 
models yielded emission estimates approximately 6 to 8 orders of 
magnitude apart. In addition, the use of physical parameters for 
different arochlors can yield widely varying emission estimates within 
a single method. 

Several ambient air target levels exist for evaluating predicted ambient 
air concentrations. A strong case can be constructed for using only 
risk-based concentrations to account for the short exposure duration 
of this remediation. Requiring a short term remedial measure to meet 
long term health-based standards is overly protective and unnecessary. 
Also, the use of a short term (24-hour average) standard for PCBs is 
not appropriate, since PCBs do not exhibit acute toxicological effects 
which would override carcinogenicity concerns. Nevertheless, the 
Massachusets TEL of 0.003 |ig/m3 seems unreasonably low, and should 
be evaluated further. 
Using the more conservative estimate of emissions from the CDF, the 
predicted annual average ambient air concentrations fell below the 
risk-based criterion for industrial areas of 0.14 jig/m3. The annual 
average concentration at 100 meters from the center of the CDF was 
slightly above the risk-based level for residential areas when rural 
dispersion coefficients were used, however the area surrounding the 
CDF at this distance would likely be classified as urban. All predicted 
concentrations at or beyond 200 meters from the center of the CDF 
fell below the risk-based criterion for residential areas. 

12 



If the emission rate from the CDF were estimated using the Hartley or 
Dragun equations would result in all predicted ambient concentrations 
at all locations falling well below the most stringent target levels. 
In conclusion, two issues are vitally important to the evaluation of 
potential emissions from the CDF and their significance with regard to 
the need for control measures: 
•	 The ambient air impacts of PCS emissions should be evaluated 

using risk-based calculations to account for the short duration of 
the potential exposures. The use of a short-term standard should 
be avoided unless the standard is based on specific acute 
toxicological studies. A common method for setting short term 
ambient standards is to take the ACGIH TLV for the chemical and 
divide it by appropriate safety factors. Safety factors usually range 
between 10 and 100. The TLV for PCBs has been withdrawn, 
however the 1989 value was 0.5 mg/m3 or 1 mg/m3 depending on 
the degree of chlorination. Applying a safety factor of 100 to 
these values yields a short term concentration several orders of 
magnitude above the Massachusets TEL of 0.003 jig/m3. 
Therefore, the validity of the TEL for use in this situation should 
be carefully evaluated. 

•	 The actual emissions of PCBs from the CDF must be more 
accurately determined by careful laboratory testing. A well-
designed bench-scale test will help significantly in determining 
what the emission rate is likely to be. It is important that the 
tests be set up to evaluate emissions from both the dissolved 
phase and the sheen which may form over part of the CDF. If the 
sheen can be reproduced in the lab, a sample should be taken and 
analyzed to determine the exact contents (including arochlor 
specificity) of the sheen. The emission tests should be repeated 
for different conditions, including varying wind speeds, 
temperatures, and liquid phase concentrations. 

If the results of the emissions testing confirm the more conservative 
model of volatilization, and the remedial action is required to comply 
with the Massachusets TEL and AAL, then there may be no alternative 
but to construct a cover over the CDF. If, however, a risk-based 
approach is acceptable, or emissions are shown to be much lower than 
the Thibodeaux model would suggest, then less stringent measures 
may suffice. 
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METALS EMISSIONS COMPUTER RUNS
 



O R A N D U
 

TO: File #208-01-09 

FROM: John Gallagher 

DATE: August 28, 1991 

The NAAQS and State Ambient Air Quality Standard (310 CMR 6.00) were 
reviewed especially in regard to heavy metal emissions. Emission limits 
for heavy metals were evaluated based on Guidance on Metals and 
Hydrogen Chloride Controls for Hazardous Waste Incinerators, Volume IV 
of the Hazardous Waste Incineration Guidance Services (EPA/530-SW-90
004). This document specifies waste concentrations, feed rates and 
emission rate screening limits which are determined based on effective 
stack height and terrain. ERM determined with the proper combination of 
sediment feed rates, stack height and other operating conditions, emissions 
of metals will not cause unacceptable ambient concentrations. (See 
attached computer runs.) The Remediation Contractor will be required to 
demonstrate that the particular equipment and operating conditions 
proposed do not cause unacceptable emissions. 



9

04/30x91 03:06 FQUR
 

032
 

29-lft5003-004 ERH ' »EH BEDFORD

WIMOX iLLOHlBLI EXISSIOKS 75. STACK HEIGHT: 

EXISSIOIS 
STICK 
I8I5BT CiDHlOH caxoxioM LEU nic ncm COFPEH PCB 

( f t  ) ( f / l ) U/i) (I/O («/») (?/3) (9/s) (!/5) 

100 l.S04»E-03 2.7flU{-0< 1.K70E-01 l.Umm 5.M61E-Q3 3.11201-01 f.4834H4 
125 2.1MI-U S.17I2H4 l.$T3«-fll 1.4MH400 S.40738-03 3.66138-01 7.627IE-04 
ISO 2.47(SH-Q3 3.7149S-04 U049E-01 1.4849ttOO 7.4t)3S-QS 4,279iE-41 ?,3155E-0< 
175 2.8833E-0! 4.32SOE-04 1.8(J4H1 1M8481*00 3.71312-03 4.98241-01 U38U-Q3 
200 3,3^23E-1J1 5,04448-04 2.17921-01 1,48438*00 1.Q1HE-02 5.8U1E-U 1.2107E-03 
225 3.J223E-03 5.883SE-04 2.54171-01 1.48488*00 US61E-02 SJ77SE-01 1.4120E-03 
250 4.5944E-03 i,89HE'04 2.17721-01 1.4848E*00 1.3893E-02 5,87758-01 1.S5408-03 

IKiSSIOIS 
JTiCX 
HEIGHT C1DK10H CHEOXIOM LliO 2IIC IICKKL COPPER PCS 

( f t ) ( l b /h r ) ( I b / b t ) ( I b / h r ) ( Ib /h r ) (Ib/kc) ( Ib/kt ) ( Ib /hc) " 

100 L42S3E-02 2.W5E-03 9,24278-01 1.1760E*01 4,31338-02 2.45478*00 5.134SE-D3 
125 1.S781E-02 2.51721-03 1,08748*00 1.17608*01 5.0746E-02 2.89988*00 {,04128-03 
150 1.W5E-02 2.9422E-03 1.27108*00 1,1750E*01 S.93158-02 3.38948*00 7.06138-03 
175 2.28368-02 3.42548-03 1.47988*00 U?t08*01 (.90558-02 3.94(08*00 8.22098-03 
200 2.6S34E-02 3.99521-03 1.72598*00 1.17608*01 8,05428-02 4,60248*00 9.58848-03 
225 3.10658-02 4.H97E-03 2,0130E*00 1.17608*01 9.39408-02 4.65508*00 U183S-02 
250 3.63888-02 5.45828-03 2.35798*00 1.17608*01 1.10048-01 4.65508*00 1.31008-02 



9008-004 

033 

ttXIMOX HID SITES; 

PQUOTUT 

UOM10X 
CIIOKIOK 
LUD 
me 
ncm 
COPPtt 
PCB 

04/30/91 09:07 FOUR NINES, INC. 

ERM - m BEDfORD 

coicmiuiof 
II FHD F8CD UTE 

(•9/kg) 01 (ppt) (9/9) db/hr) 

9.00 1.55091-02 1.2(OOH1 
UC.25 2.40SSI-01 
252, SO 4.4(341*01 3.5350SfOO 
140,00 1.4I4WOO 
22.50 3.J771M2 3.15001-01 

332.50 S.t775I-01 4. $5 501*00 
200000,00 3.5354^02 2.8000B+03 

- 1 

* 50% 

».r< ZOO, * 00 

2 8OO 

7~,'tr ? ft* 

/</ 
' 



09!a7 

9003-004 m • KE« BEDFORD 2H|f 

mm wiciHci uggnn 72. STICK UICIT: 
>• * 

STJTW irriciuci 
STICK 
IIIGET CiBHIDR CHROMIOi LI&0 IIIC IICKEL COFPSS PCS 

( f t ) 

100 ISJ7W 19.J97M 73.25361 9,00001 K.3071I 47,0520) $
 
12S 8(.((17I 33.8680t H.238N fl.OOOOV I3,8S02\ }?.70fi3\ J
 
HO 84,43m !f.84S8l (4.044U 4,4000t 81.Km 27.1870^ )
 
175 8U7U* 93.3204) SS.Um 0.0900« 78.077$) IS.2304) 99.9157*
 
200 78.86H) )U90E) $l.i?») 0,0000) 74.4310) L129S) 99.9997)
 
22S 7J.3455) 99.7557) 43.QS54) 0,0000) 70,1773) 0.0000) 99.9996)
 
250 71.1209) 99.7139) 33.2978) 0,0000) 65.0178) 0.0000) 99.9995)
 



. . - ' 04/30/91 09:08 FO(JR 

9008-004 m - fw gtorono 

DISPR810I COEFFICIOT: 

(mim OCCOUD AT uoios • sco mm, UIMUTH = no1) 

STICK DISPW3IOS 
iticiT cocrriciiiT 

( f t ) 

100 0.7712 
us o.tsss 
150 0.5103 
175 0.4117 
248 4.4UO 
225 0.35<1 
250 0.3023 



SHORT-TERM ACTION LEVEL CALCULATIONS
 



205 Portland Street • Boston, Massachusetts 02114 • (617) 742-8228 ERM-New England, Inc. 
tor -ff>T Project W.O. No. sheet _ of 

Subject By Date_lihMi 

1.11 /Kj cc, tv^f 

<D,Od<f ixaj 



significant cost advantage (about $2 million}. Actually,
 
the cost advantage is probably even greatert since?
 

1* EPA»s incineration costs are relatively low,
 
2. Costs for fixation (about $500,000) are included in the
 

cost estimate for extraction, even though the
 
extraction residue is not likely to require fixation*
 

In addition to its cost advantagef I must also point out
 
that extraction has several environmental benefits,
 
Extraction produces a separation of organic contaminants
 
(PCBS) and inorganic contaminants (heavy metals) , in this
 
manner, the method of treating each fraction can be fully
 
optimised without sacrificing treatment effectiveness,
 
Extracted oils are destroyed in a liquid incinerator, while
 
metals reside with the solids. Leaching tests (EP Toxicity)
 
conducted on the extracted solids indicate that the heavy
 
metals do not leach to any great extent,
 

in contrast, the incineration of Hot spot sediments will
 
lively result in undesirable emissions, especially heavy
 
metals, incineration also tends to oxidize and thereby
 
"liberate" metals in the residual ash, making them more
 
prone to leach into the environment. Therefore, while both
 
technologies reduce the volume, toxicity and mobility of the
 
PCBs, the extraction process also reduces the mobility of
 
the metals. Incineration, on the other hand, increased the
 
mobility, and possibly the toxicity, of the metals.
 

E.c, Jordan, in the public meeting held on August 3,
 
raised reliability as a potential drawback of extraction,
 
The extraction process developed by Resources conservation
 
Company has been demonstrated in one full-scale application
 
and in several pilot tests. While it has probably not
 
received as much scrutiny as incineration, it is certainly
 
not an unknown technology,
 

in light of the above, I suggest that EPA reconsider its
 
decision to incinerate the sediments, and employ extraction
 
instead. Keep in mind that EPA is supposed to encourage the
 
use of innovative and alternative technologies, The Hew
 
Bedford Harbor Hot Spot operable unit presents a perfect
 
opportunity to do just that,
 

EPA RESPONSE TO HUGHES
 

The "No Action" or minimal action alternative is routinely
 
evaluated in a feasibility study to provide a benchmark for
 
comparison for other remedial alternatives. EPA agrees that
 
the "No Action" alternative does not merit serious
 
consideration for the highly contaminated Hot Spot
 
sediments. With regard to solidification, no destruction of
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