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• 1.0 EXECUTfVES~Y 

The remediation of the sediments at New Bedford Harbor is currently planned to involve the dredging and 
excavation of sediments that are contaminated with Polychlorinated Biphenyls (PCBs). These sediments • will be removed from their current location, transported to on-shore treatment and processing facilities, 
Harbor-side Confined Disposal Facilities (CDFs), or off-site disposal facilities. These operations will 
disturb contaminated sediments and expose them to the open air for varying periods of time. In the 
process, vapor phase PCBs could be released into the atmosphere where they could, to varying degrees, -
impact neighboring communities. This increase in emissions, however, will be short-lived and occur 
primarily during certain phases of the clean-up operation. Currently, the release of PCBs into the air at 

• the site is uncontrolled and the emissions are increased at times by natural forces (e.g., wind and water 
effects from storms and tides) and man's activities (e.g., boating and other Harbor commerce and 
recreation). Until the Harbor is cleaned-up, PCB emissions from the contaminated sediments (including 
exposed mudflats, beach areas, and the surface water) will lead to continued public exposure at roughly 
current levels. Although it has the short-term potential for increases in airborne PCB concentrations if 
properly managed the clean-up will lead to a far greater benefit in terms of reduced, long-term releases 

• and public exposure. The sooner the clean-up is accomplished, the more the long-term public exposure to 
PCBs will be reduced relative to the current levels. 

• 

This document summarizes work that was performed to address the potential impact on the public health 
of the community due to the incremental amount of volatile PCBs that may be released during 
remediation. This effort was undertaken to provide a sound foundation for managing the clean-up 
operation such that the long-term benefits of the remediation activities (in terms of reduced public 

• 
exposure) far outweigh any short duration impacts, and to ensure that any remediation-related impacts are 
minimized and controlled to acceptable health-based levels. Two goals were accomplished through this 
work: 

• 	 Assessment of the potential for health impacts associated with emissions of volatile PCBs 
during the remediation of the contaminated Harbor sediments . .. 

• 	 Development of a cumulative exposure budgeting program that, when implemented, will 
ensure the protection of public health. 

• There were several distinct sequential and parallel efforts undertaken over a period of months to 
. accompJish these goals. These steps are fully described in this document, and briefly described below. 

• 	 The first step in assessing potential health impacts and developing the cumulative exposure budget plan 
was the development of allowable ambient limits for potentially impacted segments of the public. 
Allowable ambient limits are defined as risk-based exposure point concentrations of a contaminant in the .. ambient air that a person could be exposed to without adverse effects. For this project, allowable ambient 
limits for PCBs were calculated for two types of public receptors: (1) a child and adult resident and (2) an 
adult non-remediation worker at a commercial or industrial facility. The limits were developed using 

• State and Federal guidance and using input regarding exposure scenarios and target risk goals from both 

• 
the USACE and USEPA. The development of these limits is presented in Section 3.0 of this document. 
These allowable ambient limits were also used to develop a cumulative exposure budget for the protection 
ofpotentially exposed popUlations for a baseline remediation scenario. 

• 
The next step in this assessment was the estimation of the potential emission of volatile PCBs from the 
baseline remediation operations (i.e., dredging and CDF fiJling). The magnitude and distribution of air 
emissions from the project is largely dependent upon the remediation plan. The plan for remediating the 
Harbor has undergone several modifications during the course of this study, and continues to do so. At .. 
2001-017-0427 1-1
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the time that the emissions modeling was completed, the baseline remediation plan included the following 
principal elements: 

• 	 Dredging of contaminated sediments from the Harbor over a 5 or 10 year period starting in 
the north and working to the south; 

• 	 Hydraulic transport of wet sediment to two CDFs (C and D); 

• 	 Storage and settling of the sediment in the CDFs (C and D); 

• 	 Decanting and treating water from the CDFs; and 

• 	 Capping the remaining sediments in the CDFs. 

This document presents a study that assesses impacts from a baseline remediation scenario that includes 
these principal elements. A screening level assessment of impacts from the storage of dewatered 
sediments in CDFs was also performed and is presented in this report. This analysis, summarized as a 
technical memorandum (see Appendix L), was submitted separately. 

There are several potential sources of air emissions from these remediation activities. The most 
significant sources of emissions are from storage of sediment (wet or dry) in the CDFs or emissions from 
dredging contaminated sediments from the Harbor. Potential emissions from these sources were 
estimated using theoretical models and refined using flux box test results and other field measurements. 
The estimation of potential emissions from these sources is fully described in Section 4.0 of this 
document. These PCB emissions estimates were used in conjunction with air dispersion modeling to 
estimate annual-average concentrations at specified locations around the site for comparison to allowable 
ambient limits for the baseline remediation scenario. Emissions estimates also were developed to account 
for changes in physical parameters such as sediment concentration, temperature and windspeed as the 
remediation activities progressed through the Harbor. 

The third step in this assessment was the modeling of atmospheric dispersion of potential PCB emissions. 
Natural attenuation of the airborne PCB concentrations resulting from the operations will occur as a result 
of dispersion. This dispersion was evaluated using the ISC computer model with site-specific 
meteorology. The modeling provided a prediction of annual average PCB concentrations at potential 
exposure locations around the site and in the community. Ambient air impacts at any location depend on 
temporal operational parameters of the dredges and the CDFs and other natural factors which effect 
dispersion. For this reason, worst-case source characteristics were defined in consideration of the 
remediation options being considered at the time of the study. These source configurations modeled 
provided an upper-bound estimate of ambient PCB concentrations for the baseline scenario. The results 
of this modeling effort were used to predict ambient air concentrations of total PCBs to compare to risk
based exposure levels and to develop dispersion factors that were used in the development of the 
cumulative exposure budgeting plan. The air dispersion modeling work is presented in Section 5.0 ofthis 
document. The results of the dispersion modeling show that the maximum predicted ambient PCB 
concentrations were less than the risk-based allowable ambient limits at the potential exposure locations. 
As such, adverse health effects to the public are not anticipated due to the proposed remediation of the 
Harbor. 

The potential health risks associated with inhalation of airborne PCBs were evaluated in the development 
of the allowable ambient limits. The relationship between the remediation activities and projected 
ambient airborne concentrations at the targeted receptor locations was established with the emissions and 
air dispersion modeling. The final step was developing a program that will ensure that exposures to 
airborne PCBs are maintained below appropriate health-based levels. Because the inhalation of PCBs is 
principally a health concern due to long term or chronic exposure, the allowable ambient limits are 
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• exposure point concentrations that should not be exceeded for extended periods. Short-term 
concentration limits (i.e., hourly or daily) typically associated with contaminants exhibiting acute health 
effects have not been defined and published for PCBs. Consequently, exposure to PCBs is best tracked, 
for purposes of protecting the public, against a calculated baseline exposure budget. This baseline • exposure profile is based upon the allowable ambient limits, reduced to account for current pre
remediation background levels, and the site-specific dispersion patterns for the volatile PCBs in the 
vicinity of the emission sources. A sensitivity analysis was conducted to identify which factors have a 

-
• relatively major or minor effect on the character of the budget. The factors exhibiting a relatively minor 

influence were conservatively set and then eliminated as explicit variables, simplifying the remaining 
budget. The development of the cumulative exposure budgets is presented in Section 6.0. 

.. During remediation, ambient air sampling data will be collected and evaluated to ensure that the 
cumulative exposure to the most sensitive public receptor remains below these baseline exposure levels . 
A Draft Final Implementation Plan (see Appendix M) has been developed to define how to put the 
ambient air management program into practice, including how to: locate monitoring stations; collect air 
samples; evaluate the data obtained from the laboratory analysis of the samples; track cumulative 

• exposures; manage and publish information; and make decisions regarding what responses are appropriate 
to reduce emissions and exposure. 

• The Draft Final Implementation Plan defines the principal aspects of the air monitoring that will be 
performed. The monitoring will be designed to ensure that actual exposures are at or below the 
acceptable long term exposure budget and thus that no adverse impacts to human health will be generated 
by the harbor clean-up. Regular monitoring will be performed to evaluate concentration trends over time. 

• 

• The Implementation Plan will dovetail with a Sampling and Analysis Plan that defines the sampling 
frequency, required turnaround time, analytical methods, and required QAlQC to be performed as part of 
the ambient air monitoring effort. Finally, the Draft Final Implementation Plan identifies "triggers" or 

• 
conditions that indicate that follow-up analysis of projected emission sources and their potential impact 
on exposures to the public is warranted. A graded scale of priority is defined to facilitate matching a 
response to the severity of the potential consequences of the triggering condition. 

Several changes to the planned approach for remediation of the contaminated sediments at NBH have 
been proposed since the scoping and performance of this study. The most significant of these changes 

• included first the reduction from 4 CDFs to 2 CDFs, and then the proposal to dewater the sediment prior 
to disposal in a CDF or disposal off-site. While this assessment was based the original clean-up plan 
which did not include sediment dewatering, most of the information obtained from this study (including .. 	 the exposure budgeting process) can be directly applied to these alternative clean-up approaches. These 
alternative scenarios and their relationship to this assessment is discussed further in Section 7.0, 
Conclusions . .. 

• 
• 

• 
.. 
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2.0 INTRODUCTION 

2.1 Project Description 

The remediation at New Bedford Harbor (NBH) is currently planned to involve the dredging and 
excavation of sediments that are contaminated with Polychlorinated Biphenyls (PCBs) from their current 
location. PCB emissions from these sediments, along with emissions from sources at other contaminated 
sites in the immediate vicinity of the Harbor, are currently contributing to localized elevated levels of 
volatile PCBs in the ambient air. The annual average background levels at New Bedford Harbor ranged 
from 2 nglm3 to 80 nglm3 at various locations bordering the Harbor during the Ambient Air Sampling and 
Analysis Study conducted in 1999. These background concentrations are somewhat higher than the 
annual average PCB background concentrations published for the overall U.S. by the U.S. EPA (3.8 to 5 
nglm\ The ongoing emissions and resulting background ambient air concentrations fluctuate noticeably 
by season and are affected by temperature, tides, and weather conditions. While ambient air 
concentrations may be increased for a relatively short time during the clean-up effort in some areas 
nearest the Harbor, the characteristically higher background levels can only be reduced to an acceptable 
level relative to long-term exposure to the public by the completion of the remediation activities. The 
ambient air public protection program is being designed to manage and limit the shorter-term exposures 
to airborne PCBs during the clean-up effort (i.e., during sediment dredging, handling, treatment and 
disposal activities) while the long-term benefits of the remediation and significantly lower PCB 
background ambient air concentrations are achieved. The sooner the clean-up is accomplished, the more 
the long-tenn public exposure to PCBs will be reduced relative to the current levels. 

Several remediation alternatives have been discussed and are being considered for disposal of the dredged 
sediments including storage and disposal of wet sediments in Confined Disposal Facilities (CDFs), 
dewatering prior to storage and disposal, and off-site disposal. These alternatives will disturb 
contaminated sediments directly or indirectly and expose these sediments to the open air for varying 
periods of time. Vapor phase PCBs could then be released into the atmosphere where they could impact 
the neighboring community. Residents and commercial workers closest to the Harbor have the highest 
potential for being impacted because natural attenuation of the airborne PCB concentrations resulting 
from dispersion will increase as the distance from the source(s) increases. 

Dredging of contaminated sediments will likely increase ambient PCB concentrations by some amount 
for a short period of time, but will also lead to significantly lower ambient levels over the long term. Air 
action levels were developed to define the upper ambient air concentration limits that would pose an 
acceptable/minimal risk to the most sensitive receptors while allowing the remediation project to go 
forward. These air action levels are based on risk-based allowable ambient limits, the atmospheric 
dispersion and attenuation characteristics of the NBH remediation site, and the locations of the most 
potentially exposed or sensitive public receptors. 

Data was collected in a baseline ambient air monitoring program that was used to calculate the current 
pre-remediation air concentrations in the nearby residential and commercial areas around the Harbor. 
These air concentrations are influenced by factors such as the exposed sediment in tidal areas, wind 
direction, season of the year, and the amount of solar radiation. This data also established the nature of 
the PCB contamination in the air and the distribution of the various homologues or 
homologues/congeners in the air samples. The collected data indicates that a large portion of the PCBs 
detected in the air samples is comprised ofchlorinated biphenyls with four or less chlorines. 
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• Once developed, the air action levels were incorporated into a long-tenn process and procedure for 
monitoring the ambient air conditions. This program will help to ensure that all necessary engineering 
controls and work practices will be employed to maintain airborne PCB concentrations below risk-based 
limits. The risk associated with inhalation of PCBs is one from long tenn or chronic exposure and • therefore, the process for monitoring and evaluating the effectiveness of the current controls is geared 
toward maintenance of the annual mean exposure below the air action levels. This process has been 
incorporated into a cumulative exposure budgeting program. • 
Remediation decisions will continue to be made as part of design and planning efforts. These decisions 
include the selection of dredging equipment, the scale of dredging operations, the temporal staging of 

• 
• dredging and CDF filling activities, and a number of additional factors that will also have an effect on 

PCB emissions and, consequently, ambient air concentrations in the area of the Harbor. The plan for 
remediating the Harbor has undergone several modifications during the course of preparing this 
assessment, and continues to do so. At the time the emissions modeling was completed, the baseline 
remediation scenario included the following principal elements: 

• • Dredging of contaminated sediments from the Harbor over a 5 or 10 year period starting in 
the north and working to the south; 

• 	 • Hydraulic transport of wet sediment to CDFs C and D; 

• 	 Storage and settling ofthe sediment in CDFs C and D; 

• 	 Decanting and treating water from the CDFs; and 

• 	 • Capping the remaining sediments in the CDFs. 

• 
Development of an emissions estimation methodology allows for an evaluation of the relative amount of 
PCB emissions expected to be generated by various operational alternatives and physical parameters (i.e., 

.. 
windspeed, temperature, etc.). Understanding the impact of spatial and temporal distributions of PCB 
emissions on ambient air quality in public areas allows for more infonned decisions to be made and 
public protectiveness to be confidently demonstrated . 

2.2 Document Organization 

• This document presents work that was perfonned to address the potential impact of volatile PCBs 
released during remediation on the public health of the community. Two goals were accomplished 
through this work: .. 

• 	 Assessment of the potential for health impacts associated with emissions of volatile PCB 
during the remediation of the contaminated Harbor sediments. 

• • Development of an exposure budgeting program that, when implemented, wiIJ ensure the 
protection ofpublic health over the duration of the remediation. 

• There were several distinct sequential and parallel efforts undertaken over a period of months to 
accomplish these goals. These steps are fully described in this document. Section 3.0 describes the 
development of risk-based allowable ambient limits. Section 4.0 presents the modeling used to estimate 

• emissions of volatile PCBs from the proposed remediation activities. Section 5.0 summarizes the 
atmospheric dispersion modeling used to estimate annual average ambient concentrations of PCBs and 
dispersion factors for the exposure budgeting program. The development of the exposure budgeting 

• program and the proposed approach for its implementation is presented in Section 6.0. The conclusions 
and recommendations for this assessment are summarized in Section 7.0. 

• 
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3.0 DEVELOPMENT OF ALLOWABLE AMBIENT LIMITS FOR AIRBORNE PCB'S 

3.1 Introduction 

This section presents work performed under Task Order No. 17, Task 2, Subtask 2. This subtask 
provided for the development of acceptable exposure point concentrations for targeted public receptors. 
The a110wable concentrations have been calculated for two types ofpublic receptors: (1) a child and adult 
resident and (2) an adult non-remediation worker at a commercial or industrial facility. This section 
describes the methodology used to develop the Allowable Ambient Limits, and presents the results of the 
calculations. The A110wable Ambient Limits are then used to develop a cumulative exposure budget as 
described in Section 6.0 of this document. 

The MADEP maintains a list of A110wable Ambient Limits for over 100 chemicals, including a value 
for PCBs. The currently published value for PCBs is a recommended annual average concentration 
of 0.0005 uglm3 (0.5 nglm3) and a 24-hour average Threshold Effects Exposure Limit of 0.003 uglm3 
(3 nglm3) (MADEP ORS & DAQC, 1995). These values were last reviewed by MADEP prior to the 
publication of the current list in December of 1995. This A110wable Ambient Limit value of 0.5 
nglm3was based primarily on the toxicological characteristics of Aroclor 1260, and the extrapolation 
of observed health effects resulting from the oral exposure of rats to PCBs to the potential effects due 
to the long-term inhalation of PCBs by members of the public (MADEP, 2001). Direct exposure 
route-to-route extrapolation (i.e., oral-to-inhalation) was assumed. The MADEP value was back
calculated so as not to exceed a target carcinogenic risk level of lxl0-5

• The 1990 MADEP annual 
average Allowable Ambient Limit of 0.0005 uglm3 was revised downward from the previously 
published 1985 value of 0.001 uglm3 (1.0 nglm3) (MADEP, Volume II, 1990). 

The annual average background levels at New Bedford Harbor ranged from 2 nglm3 to 80 nglm3 at 
various locations bordering the Harbor during the Ambient Air Sampling and Analysis Study in 1999. 
These concentrations exceed the current annual average A110wable Ambient Limit value of 0.5 nglm3. 
The current MADEP A110wable Ambient Limit for PCBs also is lower than the annual average 
ambient PCB concentration published for the overall u.s. by the u.s. EPA of 5 nglm3(See Appendix 
H and Figure H-1 for more details). As discussed in Section 2.1, elevated background levels around 
the Harbor are strongly influenced by the continuing sources of PCB emissions from the 
contaminated areas of the Harbor and from other identified sources in the immediate area. The 
ongoing emissions fluctuate noticeably by season and are affected by temperature and weather 
factors. It is the presence of these elevated ambient PCB concentrations and the potential for 
exposure that they create that was one of the primary justifications for the current clean-up effort. 

. 
The ambient air public protection program for the New Bedford Harbor remediation project will be built 
upon a large body of information, including aspects of exposure conditions and toxicological dose
response of people to PCBs inhalation. This particular information also is central to the development of 
the MADEP Allowable Ambient Limits. To the extent possible, the development of this ambient air 
public protection program should be as site-specific as possible and incorporate the latest in risk 
assessment and exposure analysis data and procedures for PCBs. It was noted that the 1985 MADEP 
Allowable Ambient Limit for PCBs was revised in 1990, but stayed the same from 1990 to December of 
1995 (when they were last reviewed). In September of 1996, U.S. EPA published new comprehensive 
guidance, "PCBs: Cancer Dose-Response Assessment and Application to Environmental Mixtures" 
(USEPA, 1996). As the 1990 and 1995 A110wable Ambient Limits for PCBs were driven by the 
assessment ofpotential carcinogenic health effects, it was unclear how this new guidance would affect the 
Allowable Ambient Limit value calculated using the MADEP methodology. The U.S. EPA guidance 
recommended an alternative approach to selecting a carcinogenic potency factor for PCBs based on the 
particular exposure route being assessed (i.e., not direct route-to-route extrapolation in all cases), and 
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.. 
• basing more toxicological decision-making on the distribution of individual congeners and homologue 

groups in the exposure medium. In addition, the ambient air public protection program for the New 
Bedford Harbor remediation project is designed to look specifically at a set of different "public receptors" .. - child residents, adult residents, and adult commercial workers. These different receptors possess 
different exposure characteristics relative to the input parameters to the MADEP methodology (e.g., 
exposure duration, exposure frequency, and body weight). Because of these exposure differences, and the 
release of the 1996 PCB risk assessment guidance since the MADEP Allowable Ambient Limit for PCBs 
was last reviewed, the project elected to recalculate the Allowable Ambient Limits for PCBs using the -
MADEP methodology and the most updated and site-specific information available. 

• 	 3.2 Description of Methodology 

• 
Allowable Ambient Limits are typically defined as risk-based exposure point concentrations (EPCs) of a 
contaminant in the ambient air that a person could be exposed to without adverse effects given their 

• 

projected activities. Deriving an Allowable Ambient Limit according to the procedures published in the 
Massachusetts Department of Environmental Protection (MADEP), The Chemical Health Effects 
Assessment Methodology and the Method to Derive Allowable Ambient Limits (May 1990), is a three 
phase procedure. The first phase is completing a threshold effects evaluation. A threshold effect is one 
for which a threshold, or dose below which the adverse effect has not been observed, is indicated or 
assumed to exist. These effects may include a broad range of acute and chronic effects, such as allergic 

• 
reactions, kidney or liver damage, or effects on the central nervous system. The result of conducting a 
threshold effects evaluation is the identification of an appropriate Threshold Effects Exposure Limit 
(TEL). The second phase of the overall Allowable Ambient Limit procedure is the non-threshold effects 
evaluation. Non-threshold effects are effects for which there is no conclusive or compelling evidence that 
a threshold exists. Carcinogenicity and mutagenicity are considered non-threshold effects. The result of 
conducting a non-threshold effects evaluation is the identification of an appropriate Non-Threshold Effect 

• 	 Exposure Limit (NTEL). The third and last phase of the procedure is selecting the Allowable Ambient 
Limit by choosing the lower of the TEL and NTEL values identified during the first and second phases. 
These three phases ofthe overall evaluation are presented in Sections 3.4.1 through 3.4.3, respectively . .. 

As presented above, an Allowable Ambient Limit is an exposure point concentration that refers to a risk

based allowable ambient airborne contaminant concentration at a point of potential public exposure. The 


• Allowable Ambient Limits derived in this section will be used in Section 6.0 of this document to develop 


• 
a cumulative exposure budget which use risk-based "Air Action Level" concentrations. Air Action 
Levels are related to the allowable ambient air concentrations at proposed air monitoring stations located 
near the source of emissions. These proposed air monitoring stations do not necessarily represent points 

• 

of potential public exposure. These Air Action Levels reflect both the allowable risk-based EPCs relative 
to potential public receptors (potentially exposed individuals) and the projected atmospheric dispersion 
that would result in the decrease of ambient airborne contaminant levels between the near-source 
monitoring stations and the locations where the public may potentiaJJy be exposed. The development of 
cumulative exposure budgets based on Air Action Levels is fully described in Section 6.0 of this 
document. It is important to note that the Ambient Allowable Limit and the Air Action Levels are 
typically not the same concentration. The Allowable Ambient Limits represent concentrations at potential 

• 
points of public exposure while the Air Action Levels represent concentrations at proposed monitoring 
points around the emitting source. 

Since the publishing of the cited 1990 MADEP guidance, aspects of the Allowable Ambient Limit 
development process relating to evaluation of threshold effects have been criticized. Specifically, the 

• adjustment of occupationally-based limits to develop EPCs to protect a child and adult resident and an 
adult commercial worker has come to be viewed with increased reservation by USEP A Region I. As the 
analysis presented in this report results in the Non-Threshold Effect Exposure Limit being more stringent 
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than the Threshold Effect Limit for the potentially exposed target receptors for each land use (i.e., either a 
child resident or an adult commercial worker). The calculated Threshold Effect Limits were not used or 
relied upon in any subsequent efforts toward public protection. As such, any criticisms of the threshold 
effect evaluation and adjustment process have not impacted the Allowable Ambient Limits recommended 
for use at NBH and are not further discussed. However, the application of this process and its results are 
presented in Section 3.3 below. 

3.3 Threshold Effects Evaluation 

A threshold effects evaluation was completed as the first phase in deriving the Allowable Ambient Limits, 
resulting in the identification of a TEL for Polychlorinated Biphenyl (PCB) compounds. This evaluation 
began with selecting the "Most Appropriate Occupational Limit" (MAOL). This value is an occupational 
limit that provides protection against the greatest number of health effects. Selection of the MAOL is 
based on comparisons of the toxicity data and occupational limits developed by the National Institute for 
Occupational Safety and Health (NIOSH), the American Conference of Governmental Industrial 
Hygienists (ACGIH), and the Occupational Safety and Health Administration (OSHA). Selection of the 
MAOL, in the case of potential mixtures of PCBs, starts with an identification of the nature and 
composition of the PCBs present in the air at the likely points of public exposure. Having identified the 
type(s) of PCBs present, if one occupational limit is higher than another for the given airborne 
contaminant and the health effects are reported at or below the higher limit, the lower limit should be 
chosen as the MAOL. The selection process involves the following criteria, in order of priority: 

I. The degree of protection afforded by the occupational limit; 

2. Relevance of the occupational limit to documented health effects; 

3. Adequacy and comprehensiveness of the toxicity data; 

4. Limitations in the occupational level, as reported by the occupational sources themselves; 

5. The importance (severity) of the health effects accounted for; 

6. How recently reviewed and toxicologically current the occupational limit is; and 

7. The relevance of the limit to long-term chronic effects. 

When specific, reported, threshold limits are associated with a given occupational limit, choosing the 
MAOL is straightforward, using Criteria 1, 2, and 3 above. When the decision cannot be related to 
specific effects levels, Criteria 4 and 5 are used and the overall hazard is considered. When the 
occupational limits do not differ numerically, Criteria 6 and 7 are used to choose between the alternatives. 

Occupational limits represent time-weighted average concentrations of airborne substances to which a 
worker can be exposed during a work period, under specific conditions, throughout a working lifetime. 
Time-weighted average concentrations are the average respirable concentrations that could be present 
over the specified monitoring period or duration while still maintaining protectiveness. NIOSH uses a 
10-hour workday and 40-hour workweek and averaging time, while OSHA and ACGIH use 8-hour 
workdays and 40-hour workweek and averaging time. These limits represent permissible exposure levels 
for healthy adult workers in controlled settings. They allow for certain periods of recovery or rest where 
exposure is assumed to be zero. OSHA and ACGIH allow for a recovery period of 16 hours between 
daily activities and 64 hours on the weekend. NIOSH allows 14 hours between workdays and 86 hours 
on the weekend. Workers are assumed to be between 18 and 65 years of age and to represent a relatively 
healthier subset of the general population. 
After selecting the MAOL, this value is then adjusted to provide protection for the general public against 
acute and chronic health effects in a manner that accounts for: 
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.. 
• 1. Differences between workplace and environmental exposures; 

2. Physiological differences between adults and children; 
• 3. Differences in sensitivity between healthy workers and the general population; 

4. Any limitations or inadequacies in the toxicological studies used to set the MAOL; and 

• 	 5. Any threshold effects not accounted for in the MAOL on a case-by-case basis. 

The process of adjusting the MAOL is performed in a sequential, step-wise fashion. Details of each step 
• 	 are summarized below in Sections 3.3.1 through 3.3.7 below, with calculations specific to each receptor 

(i.e., adult vs. child; worker vs. resident) presented in Section 3.3.8. 

• 3.3.1 Step 1: Extrapolate from Occupational Exposure to Environmental Exposure 

To begin the adjustment ofthe MAOL, differences between workplace and environmental exposures need 

• to be addressed. A normal workweek of 40 hours is used for occupational exposure, which accounts for 

• 
periods of rest of 14 tol6 hours per day and two days per week. Since public exposure to ambient levels 
of airborne PCBs may be continuous, the occupational value is extrapolated to a continuous exposure of 
168 hours per week (24 hours/day x 7 days/week) for residential or general population exposure 
scenarios. The resulting exposure adjustment factor that would be applied to the MAOL for a 7-day 
continuous exposure is: 

• 	 Public Exposure Period =168 hours / week = 4.2 
Equation (3-1) 

Occupational Exposure Period 40 hours / week 

• 
• 

The MAOL is divided by this adjustment factor to ensure that the total dose to a member of the public 
within the respective time frames will never exceed that allowed for workers over a shorter period of 
time. This adjustment factor is only applied for the adult and child resident exposure scenarios for NBH, 
since the commercial worker's exposure is based on the standard 40-hour occupational workweek 
duration. 

• 	 3.3.2 Step 2: Extrapolate from Adult to Child 

• The second step in adjusting the MAOL is to account for the physiological differences between adults and 
children, since the MAOL is based on an adult worker. This adjustment is important because children 
may be particularly susceptible to air pollution due to their relative ventilation (breathing) rates per unit of 
body weight. Children may also be relatively more susceptible to inhaled air contaminants due to .. immature enzyme detoxification systems, immature immune systems, relatively higher absorption rates, 
relatively lower excretion rates, and the potential for increased cellular proliferation in children. The 
following adjustment factor is used to extrapolate from adult to child exposures in consideration of the

• differences in their breathing rates and body weights: 

Normalized Child Ventilation Rate [10m3 /24hours]x 70 kg =1 75 .. 	 Equation (3-2) 
Normalized Adult Ventilation Rate 20 kg [20 m3 /24 hours] . 

.. 	 where: 
IOm3/24 hours = average child ventilation (inhaled) volume per 24 hour day 
20 kg =average body weight of a 6 year old child 
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20 m3/24 hours =average adult ventilation (inhaled) volume per 24 hour day 
70 kg = average body weight of an adult male 

The MAOL is divided by this adjustment factor for the child resident exposure scenario, since the other 
two target receptors are adults. 

3.3.3 Step 3: Divide MAOL by Both Adjustment Factors 

The MAOL for PCBs is then adjusted by dividing it by the appropriate combination of adjustment factors 
calculated in Steps 1 and 2, calculating an Adjusted MAOL. Using the results of Steps 1 and 2, the 
following adjustment is made to account for a healthy child who may be continuously exposed to ambient 
levels of PCBs: 

Adjusted MAOL= MAOL = MAOL Equation (3-3a) Child Resident 
4.2 *1.75 7.35 

For the adult resident, only the extrapolation from occupational exposure to continuous environmental 
exposure is required. This adjustment factor becomes: 

AdjustedMAOL= MAOL Equation (3-3b) Adult Resident 
4.2 

The MAOL is not adjusted for the commercial worker public exposure scenario since adult occupational 
exposure is assumed for the MAOL. 

3.3.4 Step 4: Account for High-Risk Groups (Sensitive Subpopulations) 

The previous adjustments accounted for time (exposure duration) and physiological differences between 
children or adults in the public and adult workers, effectively equating the body weight-normalized 
inhalation doses for the three possible receptors. This step provides protection for high-risk groups, such 
as the elderly, the chronically ill, and the hypersensitive. High-risk groups include those people who 
would experience adverse health effects due to the inhalation of PCBs at significantly lower levels or to a 
much greater degree than the general population. To provide protection for these high-risk groups in the 
public, an uncertainty factor of lOis applied to the previously adjusted MAOL from Step 3 and a 
Sensitivity Adjusted MAOL is calculated. On the basis of data available from studies on the variability of 
human populations, an uncertainty factor of at least lOis supported by most investigators and is used by 
the MADEP to account for sensitive individuals within the general population. The adjustment to 
account for sensitive populations for the child and adult residents is as follows: 

C' •• Ad· dMAO,T Adjusted MAOL IJensitlvlty yuste L = --"------- Equation (3-4) Child and Adult Resident 
10 

Since this adjustment accounts for the potentially more sensitive general population, rather than the 
relatively healthier occupational population, it should only be applied for the adult and child resident 
exposure scenarios. No adjustment is required for the commercial worker. 

3.3.5 Step 5: Uncertainty Factor for Inadequate Toxicity Data 
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This step provides an opportunity to account for any unknown effects, due to gaps or inadequacies in the 
toxicological database for threshold effects used to set the MAOL, resulting in a Toxicity Adjusted 
MAOL. A crucial consideration is the type and amount of data used as the basis for the original MAOL. 
The following types of data are considered inadequate by the MADEP for determining long term 
exposure levels for the general public: 

• Exposure:-
-	 • Data: 

• Effects: 

• 

When the data used to derive the MAOL are limited to acute or high-level 
exposures and no low-level or chronic exposure data exists. 

When no human toxicity data exist and the MAOL is only based on extrapolation 
from animal data. 

When the MAOL is set on the basis of acute or subacute effects only and no data 
exist for chronic effects for humans or animals. 

The approach used by USEPA to address the evaluation of toxicological data (e.g., in the development of 
Reference Doses or Reference Concentrations) involves applying uncertainty factors in multiples of 10

• (although values less than 10 are sometimes used) for each of the following limitations associated with 
the study or resulting toxicological data: 

• 	 • Principal study was based on subchronic and not chronic exposure; 

• Lack of interspecies variability; and 

• 	 • Principal studies identified a Lowest Observed Adverse Effect Level (LOAEL) but not a No 
Observed Adverse Effects Level (NOAEL). 

• In applying the USEPA approach, an uncertainty factor of 10 could be given for each of the above 

• 
mentioned limitations, resulting in a total uncertainty factor of 1,000 being applied to experimental intake 
rates when there is a lack of both human and chronic data, and a NOAEL has not been identified 
(USEPA, 1989). 

• 
In using occupational data, the limits are based on both human and animal data where available and are 
derived specifically for repeated human exposures. An uncertainty factor of 10, in contrast to an 
additional USEPA-style multi-component adjustment factor, is applied to the sensitivity adjusted MAOL, 
for all three receptors: 

T .. Ad· dMAO,T Sensitivity Adjusted MAOL• 	 1. OX1Clty yuste L =-----'---=------- Equation (3-5) Child and Adult Resident 
10 

• By applying these adjustment factors and the uncertainty factor, adequate protection of the public is 
assumed for these threshold effects addressed by the original occupational limit. The degree ofprotection 
given to the workers by the occupational limit is projected to be extended to the general public, including .. those more susceptible to adverse threshold health effects . 

3.3.6 Step 6: Selection ofa Threshold Effects Uncertainty Factor 

• 
• After adjusting the MAOL to account for inadequacies in toxicological data, sensitive populations, and 

occupational and public exposure differences, the MAOL may still be judged to be inadequate from the 
perspective of protecting the public. This may occur when there are known threshold effects that have not 
been accounted for in the MAOL itself (e.g., teratogenicity). An additional factor, the threshold effects 

• 
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uncertainty factor (TEUF), should then be applied to the MAOL for a further reduction in accordance • 
with the MADEP methodology. 

The TEUF accounts for specific toxic effects that were not explicitly considered in the development of the -MAOL. For example if reproductive or developmental health effects are noted by health effects 
assessments, and these effects were not incorporated or considered in the MAOL established by NIOSH, 
ACGIH, or OSHA, the TEUF is applied to account for these effects. -
The basis of selecting the TEUF depends on the score for the health effect category associated with the 
chemical. In order to score the health effect category, a Severity Factor is chosen (see the matrix below 
(MADEP,1990». This factor is then correlated to a score of "A", "B", "C" or "D". The Severity Factor 
is based on the acute and chronic effects documented in the MAOL (and is given a value of 1, 2, or 3) 
representing the severity of those effects. Carcinogenicity, mutagenicity, and developmental and 
reproductive toxicity are not considered in the Severity Factor since they are accounted for in a separate -
adjustment. The Severity Factor score is assigned as follows: 

1. 	 Mild or transient irritant effects (e.g., runny nose, eye irritation, headache, and coughing). -
2. 	 Moderate to severe irritant effects~ mild to moderate transient systemic effects~ or effects 

generally considered to be reversible (e.g., bronchitis, anoxia, incoordination, fatigue, and 
dizziness). 

3. 	 Irreversible pulmonary effects; serious systemic effects; chronic or persistent effects; 
cumulative effects, or effects involving multiple sites or organ systems (e.g., emphysema). • 

After choosing the appropriate Severity Factor, the score for the health effects category is determined .,using the matrix presented in Table 3-1 (which has been extracted from the cited guidance document). 

Table 3-1 
Scoring Matrix for Acute and Chronic Toxicity • 

• 


• 

A B C::; 0.25 
B B C0.25 -1 
B C D2-5 

D EC>5 
Source: MADEP, 1990, Table 11-3 

Since health effects are basically descriptive and the scores represent a ranking with respect to a degree of 
hazard, the TEUF has a direct relationship to the estimated hazard. Situations with higher scores ("A" or 
"B") are assigned a TEUF of 10, while situations with lower scores ("C", "D", or "E") are assigned a 
TEUF of 5. A factor could also be applied for acute and for chronic toxicity, if they were not accounted 
for in the original MAOL. This uncertainty factor can only be applied once, for developmental and 
reproductive toxicity or for acute and chronic toxicity. 
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3.3.7 Step 7: Threshold Effects Exposure Limit 

A Threshold Effects Exposure Limit (TEL) is derived by dividing the Toxicity Adjusted MAOL by an 
appropriate TEUF and a relative source contribution factor of 20% (ambient air is assumed to represent 
20% of the total exposure to PCBs, consistent with default MADEP assumptions (MADEP, 1990»: 

Threshold Effects Toxicity AdJusted MAOL Toxicity AdJusted MAOL 
= Equation (3-6) 

Exposure Limit TEUF *0.20 (50rlO) *(0.20) 

3.3.8 Calculating the Threshold Effects Exposure Limits for the Target Receptors 

As discussed earlier in Section 3.3, the selection of the MAOL is critical to the identification of an 
appropriate Allowable Ambient Limit. The MAOL selected for the PCBs at New Bedford Harbor is the 
OSHA PEL TWA and ACGIH TLV value for Aroclor 1242 (OSHA, 2001). Aroclor 1242 was judged to 
represent the airborne PCBs at NBH because its distribution of homologue groups is most consistent with 
the distribution of homologue groups measured in the baseline air data at New Bedford Harbor (see 
Table 3-2). The baseline air data closely matched the Aroclor 1242 homologue pattern, with slightly less 
of the tri- and tetrachlorinated homologues and correspondingly more of the lighter dichlorinated 
compounds. The OSHA PEL TWA for chlorobiphenyl (Aroclor 1242) is 1.0 mglm3 (NOTE: There are no 
established occupational limits for Aroclor 1016). 

Table 3-2 
Distribution of the Homologue Groups Sampled During the 
Baseline Ambient Air Sampling and Analysis Study in 1999 

Homologues 

Measured 
Four-Season 

Ranges 
(Min - Max) 

(Wt. %)1 

Calculated 
Four-Season 

Averages 
(All Stations) 

ffit. %t1 

Aroclor 
1016 

_m't. %i 

Aroclor 
1242 

.. ®·%i 

Aroclor 
1248 

~t·%12 

Aroclor 
1254 

(Wt.o/!l2 

Aroclor 
1260 

~t.%)2 

Mono 0.29 -3.13 1.54 2.00 1.00 0.00 0.00 0.00 
Di 19.16-44.40 29.95 19.00 13.00 1.00 0.00 0.00 
Tri 26.41 - 40.41 31.17 57.00 45.00 21.00 1.00 0.00 
Tetra 19.91  34.02 27.69 22.00 31.00 49.00 15.00 0.00 
Penta 4.78-22.09 7.91 0.00 10.00 27.00 53.00 12.00 
Hexa 0.99-2.27 1.59. 0.00 0.00 2.00 26.00 42.00 
Hepta 0.04-0.19 0.12 0.00 0.00 0.00 4.00 38.00 
Oeta 0.01-0.12 0;02 0.00 0.00 .. 0.00 0.00 7.00 
Nona 0.002-0.04 0.01· 0.00 0.00. 0.00 0.00 1.00 
Deca 0.002 - 0.17 0.02 0.00 0.00 0.00 0.00 0.00 
TOTAL 100:02 100.00 100.00 100.00 99.00 100.00 

Total Homologues with> 4 
Chlorines 

9.67 0.00 10.00 29.00 83.00 100.00 

Notes: 

Based on the analysis ofall 79 ambient air samples taken from June 1999 to August 1999. 


2 
 Typical ArocIor distributions presented in PCBs: Cancer Dose-Response Assessment and Application to 
Environmental Mixtures, EPAl6001P-96/00IF, September 1996, Table I-I. 
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A Severity Factor of 3 was chosen based on the health effects found in the Integrated Risk -Infonnation System (IRIS) and the On-line NIOSH Pocket Guide. The target organs specified for 
Aroclor 1242 were the skin, eyes, liver, and reproductive system. On the USEPA website 
(www.epa.gov/opptintr/pcb/effects), noncancer health effects were found to include effects on the 
immune system, reproductive system, nervous system, and endocrine system, along with dennal, ocular, 
and liver effects. These effects are assigned a severity of "3" since there are multiple sites or organ 
systems involved. As presented in the severity matrix (Table 3-1), a Severity Factor of 3 and an MAOL 
of 1.0 mgim3 result in an assigned score of "B". This correlates to a TEUF of 10 by the criteria 
previously mentioned. 

The derivation of the threshold effect-based Allowable Ambient Limits for a child resident, an adult 
resident, and a commercial worker in the general public are presented below. 

3.3.8.1 Child Resident -
To calculate the TEL for a child resident based on the steps outlined above, the following adjustments are 
made to the MAOL: 

• 	 Divide MAOL by both Adjustment Factors using Equation (3-3a) [Steps 1,2, and 3]: 

3 	 -
AdjustedMAOL= MAGL 1.0mg/m 0.136mg/m3 

4.2 *1.75 7.35 -
• 	 Account for High Risk Groups using Equation (3-4) [Step 4]: 

3 
3Sensitivity Adjusted MAGL= 0.136mg / m 0.0136mg / m

10 

• Apply the Uncertainty Factor for Inadequate Toxicity Data using Equation (3-5) [Step 5]: 

3 
Toxicity Adjusted MAGL = 0.0136mg / m =0.00136mg / m3 

10 

• 	 Apply the Threshold Effects Uncertainty Factor (TEUF) and relative source contribution 
factor using Equation (3-6) [Steps 6 and 7]: 

Threshold Effects Toxicity Adjusted MAGL 0.00136mglm3 
= 	 0.000680mglm3=680nglm3 • 

Exposure Limit (TEUF) * (0.20) (10)* (0.20) 

3.3.8.2 Adult Resident 

To calculate the TEL for an adult resident based on the steps outlined above, the following adjustments 
are made to the MAOL: 

-

-

-
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-

Divide MAOL by the continuous exposure adjustment factor using Equation (3-3b) 
[Steps 1 and 3): 

MAOL 1.0mg/m3• 	 AdjustedMAOL= 0.238mg/m3 
4.2 4.2 

• 	 • Account for High Risk Groups using Equation (3-4) [Step 4): 

3 
. . 	 Ad' d MAOL 0.238 mg / m 3Sensztivlty ljuste = ------==--- 0.0238 mg / m-	 10 

• 	 • Apply the Uncertainty Factor for Inadequate Toxicity Data using Equation (3-5) [Step 5): 

.. 	 0.0238mglm3 

ToxIcity Adjusted MAOL = 	 0.00238 mg / m3 

• 	 10 

• Apply the Threshold Effects Uncertainty Factor (TEUF) and relative source contribution 

• factor using Equation (3-6) [Steps 6 and 7]: 

Threshold Effects _ Toxicity Adjusted MAOL 0.00238mglm
3 

=0.00119m 1m3= 1190n 1m3

• Exposure Limit (TEUF) * (0.20) 10* 0.20 	 g, g 

• 3.3.8.3 Commercial Worker 

To calculate the TEL for a commercial worker based on the steps outlined above, the following .. adjustments are made to the MAOL: 

• The adjustments in Steps 1-4 do not pertain to the commercial worker because this 

• receptor is an adult in an occupational exposure setting. 

• 	 Apply the Uncertainty Factor for Inadequate Toxicity Data using Equation (3-5) [Step 5]:

• 	 3 
7' Ad MAOL MAOL 1.0mg /m I 3 
1 oxicity gustment = 	 01. mg m 

• 	 10 10 

• 	 Apply the Threshold Effects Uncertainty Factor (TEUF) and the relative source 
contribution factor using Equation (3-6) [Steps 6 and 7): 

• 3 

• 
Threshold Efficts = Toxicity Adj'usted MAOL = 0.1 mg / m = 0.05 m 1m3= 50000n 1m3 
Exposure Limit (TEUF) * (0.20) (10)* (0.20) g ,g 

• 

• 
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3.3.8.4 Threshold Effects Exposure Limit Summary -

The TELs calculated for the three target public receptors at NBH are summarized in Table 3-3. As can be 
seen, the calculated TELs represent overall adjustment factors of 1470,840, and 20 for the child resident, • 
adult resident, and the commercial worker, respectively, relative to the original MAOL. 

Table 3-3 -Summary of the Threshold Effect Exposure Limit Development Process 
for the Three Target Receptors at New Bedford Harbor 

-
-
-Notes: 	 NA = Not Applicable 


(\) Overall Adjustment Factor =(Original MAOL) I (Threshold Effect Exposure Limit) 
 .. 
3.4 Non-Threshold Effects Evaluation 

As described earlier in Section 1.0, the second phase of the Allowable Ambient Limit derivation 
procedure is the non-threshold effects evaluation. Non-threshold effects are effects for which there is no • 
conclusive or compelling evidence of a minimum intake or dose of the contaminant that is not associated 
with an adverse health effect. In this case, the non-threshold effect of primary interest for PCBs is 
carcinogenicity . • 
The product of the non-threshold effects evaluation is the Non-threshold Effect Exposure Limit (NTEL). 
There are two separate procedures that may be applied for this evaluation. The availability of quantitative 
data on cancer potency determines which procedure is to be used. The two alternative procedures for 
calculating the NTEL are as follows: 

I. 	 When sufficient valid data on cancer potency are available to calculate unit risk, the derived 
NTEL is based on quantitative cancer risk estimates. 

2. 	 When quantitative data is not available, an alternative approach is used to calculate the • 
NTEL. This approach incorporates uncertainty factors to estimate the potential risks due to 
non-threshold effects. 

•Since there are sufficient data on cancer potency for PCBs at the New Bedford Harbor Superfund Site, the 
first procedure was applied. This cancer potency data was obtained from the USEPA's Integrated Risk 
Information System (IRIS) and is discussed in the 1996 guidance entitled "PCBs: Cancer Dose-Response 
Assessment and Application to Environmental Mixtures" (EPAl6001P-96/001F, USEPA, National Center • 
for Environmental Research, ORD, September 1996). 

An NTEL was calculated for each of the same three target public receptors for whom a TEL was • 
calculated: child resident, adult resident and commercial worker. Since PCBs are the chemicals of 
concern for this Site, NTELs were developed for total PCBs and four individual dioxin-like congeners 
(No. 114, No. 118, No.l26, and No.169 - See Table 3-4 and the accompanying discussion for the 
justification for focusing on these specific congeners). 

-
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Table 3-4• 
World Healtb Organization (WHO) PCB Congeners Detected in tbe Baseline Ambient Air Study 


at tbe New Bedford Harbor Site, 1999 

(Represents tbe Congeners tbat exbibit dioxin-like effects on people)
-

-
-
• 

• 

.. 
• 

• 
• 

USEPA, 1996-Table3-3. 
2 Indicates congeners with relatively greater toxicity that were detected in relatively greater abundance at NBH. The four 

highlighted (footnoted) congeners are the three congeners with the highest products of measured concentration and toxicity 
(TEF) and the congener with the highest toxicity (TEF). These were therefore highlighted for further consideration. 

• The process of evaluating the NTELs involved calculating risk-based exposure point concentrations for 
each target receptor for a range of potential exposure scenarios. The NTELs were calculated for the Adult 
Resident and Commercial Worker using the general equation below: 

Notes: 

.. 

.. 
where: 

• NTEL = 
TR 

ATe.. BW 

CV 


ED =
.. EF 

IR 

.. CSF 
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NTEL = TR·BW ·ATe ·CV 

Adull EF . ED. IR .CSF 


Non-threshold Effects Exposure Limit for carcinogenic effects (ng/m3) 
Target Risk Level (unitless) 
Body Weight (kg) 
Averaging Time, Carcinogenic (days) 
Conversion Factor (1,000,000 ng/mg) 
Exposure Frequency (days/year) 
Exposure Duration (years) 
Inhalation Rate (m3/day) 
Cancer Slope Factor for Total PCBs or a Specific Congener «mg/kg-daYrl) 

3-12 




The NTEL for the Child Resident receptor uses an age-adjusted approach when the assumed exposure 
duration is 10 years. Since a Child Resident was considered to be a child from 0-6 years of age, the age
adjustment accounts for 6 years as a child and 4 years as an adult. The age-adjusted equation for the 
NTEL for the Child Resident becomes: 

TR *AI:: *CV)
(

NTEl = EF *CSF 
Child (IRc * EDc J+ (IRa * EDa J 

BWc BWa 

where: 


NTEL = Non-threshold Effects Exposure Limit for carcinogenic effects (nglm3) 

TR Target Risk Level (unitless) 

BWe Body Weight, child (kg) 

BWa = Body Weight, adult (kg) 

ATe = Averaging Time, Carcinogenic (days) 

CV = Conversion Factor (1,000,000 nglmg) 

EF = Exposure Frequency (days/year) 

EDe = Exposure Duration, child (years) 

EDa Exposure Duration, adult (years) [Note: Assumed to be "0" if the total assumed 


Exposure Duration is 5 years] 
IRe Inhalation Rate, child (m3/day) 
IRa Inhalation Rate, adult (m3/day) 
CSF = Cancer Slope Factor for Total PCBs or a Specific Congener «mg!kg-dayr l

) 

The previous equations calculate NTELs based on a PCB-related cancer slope factor. Three cancer slope 
factors for Total PCBs were evaluated (i.e., 2.0, 0.4, and 0.07 (mg!kg-dayr l

) based on the operative 
guidance "PCBs: Cancer Dose-Response Assessment and Application to Environmental Mixtures", 
EPAl6001P-96/00IF, USEPA, National Center for Environmental Research, ORD, September 1996. This 
guidance directs that the cancer slope factor for PCB mixtures be determined using the available 
analytical data on the nature of the PCB mixture and the nature of the exposure pathways associated with 
the target receptors. Both upper bound and central estimate cancer slope factors are presented in the 
guidance. The upper-bound cancer slope factors, being more conservative, were judged to be most 
appropriate for the development of NTELs for the protection of the public at NBH. Three upper-bound 
reference cancer slope factors are defined: 

• 	 An upper reference point of 2 (mg!kg-dayr l 
- Indicated to be appropriate for food dose 

exposure, sediment or soil ingestion, and dust or aerosol inhalation or early life exposures; 

• 	 A middle reference point of 0.4 (mglkg-dayr l 
- Indicated to be appropriate for drinking water 

ingestion and vapor inhalation; and 

• 	 A lower reference point of 0.07 (mglkg-dayr l 
- Indicated to be appropriate for mixtures of 

PCBs in which the congeners with more than four chlorines comprise less than one-half of one 
percent of the Total PCBs (by weight) and when there are minimal dioxin-like tumor producing 
and persistent congeners present. 

Further discussion with the primary author of the guidance (Cogliano, 2000) indicated that the most 
appropriate cancer slope factor may be chosen in consideration of the distribution of homologues within 
the PCB mixture and its resemblance to the distributions of homologues typically associated with three 
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-
• specific Aroclor compounds (Aroclor 1254, Aroclor 1242, and Aroclor 1016). These three Aroclors have 

-
had the greatest toxicological evaluation and were the basis for the three quantitative reference cancer 
slope factors presented in the 1996 USEPA guidance. These two criteria (mixture composition and 
exposure pathway processes) can be seen to be partially linked in that the chemical composition of the 
mixture has a direct impact on the partitioning, transformation, and bioaccumulation of the PCBs. 
Table 2-2 showed the typical distribution of the homologues sampled during the Baseline Ambient Air 
Sampling and Analysis Study in 1999. The measured distribution is seen to closely match that of Aroclor 
1242 (which is associated with the middle reference cancer slope factor of 0.4 (mglkg-daYrl), although -

- the New Bedford Harbor mixture shows a slightly greater component of the lighter homologues giving it 
some of the characteristics of Aroclor 1016. The data also illustrate that the New Bedford Harbor 
airborne PCBs have congeners with more than four chlorines amounting to significantly more than one
half of one percent by weight (on average typically about 10% (with an individual sample range of 
7%-19%). As such, the lower reference cancer slope factor (0.07 (mglkg-daYrl) would not be.. appropriate to apply. The principal exposure pathway of concern during the dredging and filling 
operations, the inhalation of released volatiles, also would lead to the selection of the middle reference 
cancer slope factor of 0.4 (mglkg-dayrl.

• 
• 

An analysis also was made of the relative presence of the various dioxin-like congeners in the Baseline 
Ambient Air Sampling and Analysis Study results. The detected congeners were compared to the PCB 
congeners of highest concern as identified in the USEPA guidance (USEPA, 1996, Table 3-3). Table 3-4 
lists the PCB Congeners detected in the New Bedford Harbor samples in decreasing order of prevalence. 

• 
• Table 3-4 also indicates (using a checkmark) if the detected congener was identified by the USEPA as 

being in the "Highest Toxicity and Abundance" or "Potential for Toxicity" categories as defined in the 
guidance. Although there are a number of congeners present on the USEPA's toxicity list, only the 
congeners that were detected in abundance at NBH were highlighted for further consideration relative to 
the NBH Allowable Ambient Limit development process: Congeners Nos. 118, 114, 169, and 126. These 
congeners are marked with a "2" in Table 3-4. The Work Health Organization (WHO) toxicity 
equivalency factors (TEFs) for the detected congeners also are presented in Table 3-1. The toxicities of.. the congeners listed in this table are related to the chemical 2,3,7,8-tetrachlorodibenzodioxin (TCDD). 
A TEF is a ratio of the toxicity of the specific congener to the toxicity of 2,3,7,8-TCDD. For the 
individual congeners, the product of the CSF for 2,3,7,8-TCDD and the TEF for the particular congener 

• replaces the CSF in the NTEL equation. For example, to calculate the NTEL for Congener No. 126, the 

• 
CSF parameter is replaced by CSFTCDo*TEFNo. 126. TEFs of 0.005, 0.0001, 0.1, and 0.01 are used for 
Congeners Nos. 114, 118, 126, and 169, respectively (USEPA, 1996;Vanden Berg et aI, 1998). A CSF for 
2,3,7,8-TCDD of 1.5 x 105 (mglkg-dayrl was used in the NTEL calculations performed for the individual 
congeners (USEPA IRIS, 2000). 

• Three Target Risk Levels (i.e., 1 x 10-6, 1 X 10-5
, and 1 x 10-4) were evaluated as part of the NBH 

.. 
Allowable Ambient Limit development process consistent with the USEPA's published target risk range. 
The currently anticipated project duration is between a minimum of 5 years and a reasonable maximum 
duration of 10 years. As such, Exposure Durations of 5 and 10 years were evaluated based on this range 
ofprojected schedules. 

• 
The calculation of the NTEL also requires the specification of a number of receptor-specific input 
parameters for each identified target receptor. These exposure parameters are presented in the following 
sections. 

• 

• 
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3.4.1 Child Resident 

The exposure scenario for the Child Resident assumes that the child lives near the New Bedford Harbor 
for the full duration of the remediation activities. A child is defined as being between the ages of 0 and 
6 years of age. The following exposure parameters were compiled for the child resident: 

• Exposure Duration: 	 5 years (as a child) or 10 years (6 as a child plus 4 as an adult) 
• Exposure Time 	 350 days/year (USEPA, 1991) 
• 	 Body Weight 15 kg (child) (USEPA,1991) 


70 kg (adult) (USEPA, 1991) 

• Averaging Time 	 25,550 days (USEPA, 1991) 
• Inhalation Rate 	 12 m3/day (child) (USEPA, 1991) 

3.4.2 Adult Resident 

The exposure scenario for the Adult Resident assumes that the resident lives near the New Bedford 
Harbor for the duration of the remediation. The following exposure parameters were compiled for the 
adult resident: 

• Exposure Duration: 	 5 years or 10 years 
• Exposure Time 	 350 days/year (USEPA, 1991) 
• Body Weight 	 70 kg (USEPA, 1991) 
• Averaging Time 	 25,550 days (USEPA, 1991) 
• Inhalation Rate 	 20 m3/day (USEPA, 1991) 

3.4.3 Commercial Worker 

Many commercial facilities exist in the near vicinity of New Bedford Harbor. The exposure scenario for 
one of these receptors is based on working at one of these facilities for the duration of the remediation 
activities. The following exposure parameters were compiled for the Commercial Worker: 

• Exposure Duration: 	 5 years or 10 years 

• Exposure Time 	 250 days/year (USEPA, 1991) 

• Body Weight 	 70 kg (USEPA, 1991) 

• Averaging Time 	 25,550 days (USEPA, 1991) 

• Inhalation Rate 	 20 m3/day (USEPA, 1991) 

3.4.4 Results of the Non-Threshold Effect Exposure Limit Calculations 

The results of the NTEL calculations for each of the three receptors are found in Appendix A in 
Tables A-I through A-IS. The calculated NTELs for the Child Resident are presented in Table A-I for 
Total PCBs, Table A-2 for Congener No. 114, Table A-3 for Congener No. 118, Table A-4 for Congener 
No. 126, and Table A-5 for Congener No. 169. The calculated NTELs for the Adult Resident are 
presented in Table A-6 for Total PCBs, Table A-7 for Congener No. 114, Table A-8 for Congener No. 
118, Table A-9 Congener No. 126, and Table A-I0 for Congener No. 169. The calculated NTELs for the 
Commercial Worker are presented in Table A-ll for Total PCBs, Table A-12 for Congener No. 114, 
Table A-13 for Congener No. 118, Table A-14 for Congener No. 126, and Table A-IS for Congener 169. 
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.. 3.5 Selection of Allowable Ambient Limits 

The final step in the derivation of an Allowable Ambient Limit is the comparison of the TEL to the 
NTEL, and choosing the lower value to represent the Allowable Ambient Limit for each target receptor. - As there are three target receptors, the comparison and selection process was performed for each receptor. 
Table 3-5 presents the calculated TEL and NTEL values for Total PCBs for the child and adult residents 
and the commercial worker, and summarizes these comparisons. Table 3-5 shows the comparison and 
selection process for the Allowable Ambient Limits for a Target Risk of I x 10-5

, a CSF of -
• 

0.4 (mg/kg-day)"l; and an Exposure Duration of 5 years. The Target Risk goal of 1 x 10-5 was established 
for this public protection program by the USEP A. 

• 
Table 3-5 

New Bedford Harbor TELs, NTELs, and Allowable Ambient Limits for Total PCBs for the 
Child Resident, Adult Resident, and the Commercial Worker 

(5 Year Exposure Duration) 

• 

• 


Table 3-6 shows the comparison and selection process for Allowable Ambient Limits assuming a Target 
Risk of 1 x 10-5

; a CSF of 0.4 (mg/kg-day)"l; and an Exposure Duration of 10 years. 

• 
Table 3-6 

New Bedford Harbor TELs, NTELs, and Allowable Ambient Limits for Total PCBs for the 
Child Resident, Adult Resident, and the Commercial Worker 

(10 Year Exposure Duration) 

• 
.. 
• 

NTEL calculations were performed for the four highlighted congeners, as noted previously. The most 
recent USEP A guidance for assessing and managing PCB cancer risk directs that PCB risks should be 
assessed on the basis of Total PCBs (measured as either the sum of the Aroclors or the sum of the 
homologue groups). As such, the TEL and NTEL comparisons and Allowable Ambient Limit values 

• presented in Tables 3-5 and 3-6 wi11 be used as the basis for the subsequent development of cumulative 
exposure budgets for the protection ofthe public during remediation operations. 

• The most recent USEPA PCB risk assessment guidance also recommends that individual congener data 
be col1ected and evaluated whenever possible, as a supplement and complement to the primary focus on 

• 
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Total PCBs. The available congener data for New Bedford Harbor have been critically evaluated up to -

this point as part of the effort to identify Allowable Ambient Limits by: 

• 	 Identifying the most toxic and prevalent congeners measured in the baseline ambient air -samples at New Bedford Harbor; 

• 	 Evaluating congener distributions in the air samples to aid in selecting the most appropriate 
CSF for Total PCBs (to verify the exposure pathway element of this selection process); and 

• 	 Calculating NTELs for the four congeners highlighted as being most toxic and prevalent. 

A further assessment of the congeners associated with the pre-remediation baseline air samples was 
performed relative to their possible contribution to projected carcinogenic risk. The objective of this 
assessment was to determine if and how to more explicitly consider the dioxin-like PCB congeners in the 
establishment of the allowable ambient limits to be used in the development of the program to manage 
volatile PCB emissions during the New Bedford Harbor clean-up operations. Table 3-4 shows the 
average weight percentage of the total sum ofhomologues represented by each of the 15 individual WHO 
Congeners (i.e., the congeners exhibiting a dioxin-like response relative to health effects on people). -
These percentages are considered to be conservative (i.e., indicating that a greater amount of each 
congener is likely to be present than may actually be there) as these values reflect taking one-half of the 
sample detection limit for each congener when the sample was reported as non-detect for that congener. -
While this is a justifiable and accepted approach to quantify the distribution of congeners in a mixture, it 
tends to be very conservative in this case. This is because the individual congener detection limits often 
increase by a factor of 2 or 3 in samples with elevated Total PCB levels relative to blank air samples or 
samples that are only lightly contaminated with PCBs (i.e., samples sometimes require laboratory dilution 
that results in somewhat higher sample detection limits for the least abundant [lowest concentration] 
congeners). As such, the relative contribution to inhalation risk associated with these congener •concentrations is expected to less than that calculated using these concentrations. A calculation of the 
potential contribution of the dioxin-like PCB congeners to the carcinogenic risk projected for a child 
resident under the assumption of a 5-year project duration is presented in the supporting calculations 
contained in Appendix B. The analysis of the baseline air data indicated that only a maximum of 1.3% of • 
the mass of the Total PCBs is associated with the 15 WHO Congeners (even given the conservative 
estimation technique employed). In addition, only 80% ofthis amount is associated with the 7 dioxin-like 
PCB congeners with the smallest published toxicity factors (TEFs::; 0.0001). Approximately 0.9% ofthe • 
mass of the WHO Congeners (0.0117% of the mass of Total PCBs present) is indicated to be WHO 
Congener Nos. 169 and 126, the two individual congeners with the highest toxicity. Again, these small 
quantities are maximums relative to this data. For example, in the case of Congener No. 169 the tabulated • 
average is based on only 2 actual detections over the entire year, one at each of only 2 of the 6 baseline 
ambient air monitoring stations. This analysis and the associated calculation of potential risk did not 
discount or ignore the congener concentration if a particular congener was not detected at every baseline • 
monitoring station, or if the estimated congener concentration was based on only a few actual detections 
and numerous half detection limit sample concentration values. .. 
These conservative concentrations for all the WHO congeners were then multiplied by the toxicity 
equivalency factor (TEF) for that PCB congener and summed to estimate a toxically equivalent (TEQ) 
concentration of dioxin (as referenced to the compound 2,3,7,8- tetrachlorodibenzodioxin). These .. 
calculations are illustrated in the top portion of the supporting calculation table in Appendix B. Of this 
total, over one third of the equivalent concentration (37%) was associated with the highly conservative 
Congener No. 169 concentration estimates, and a much larger percentage of the 2,3,7,8 - TCDD 
equivalent concentration is heavily influenced by sample-specific detection limits and detections only in a 
subset of the monitoring stations. Combining this concentration with the cancer slope factor for 
2,3,7,8 - TCDD and the exposure assumptions for a child resident over a 5 year project duration (see the 

III 
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bottom portion of the Appendix B supporting calculation table) revealed that, at maximum, the small • 
quantity of dioxin-like PCB congeners are associated with approximately the same level of potential 
inhalation risk as the remaining 98.7% of the airborne mass of Total PCBs (i.e., 1.55 E-08 vs. 1.50E-08 
calculated risk, respectively). 

This result could be interpreted as justifying that the allowable ambient limits based on Total PCBs 
developed thus far be reduced or divided by two for purposes of developing the cumulative exposure 
budgets. However, in consideration of a number of factors associated with this projection of relative -
contributions to inhalation risk, this further adjustment to the allowable ambient limit is not currently 
recommended. These factors include: -

• 
• The conservative approach of assuming half of the detection limit for congeners that are not 

detected in a sample, coupled with the somewhat elevated detection limits for the low 
concentration congener results in the more contaminated samples; 

• 
• The uncertainty as to whether the congener distribution exhibited in the data from baseline air 

samples is representative of the distribution that will be present in the ambient air during 
actual remediation operations; and 

• The large sensitivity of the results to a great deal of analytical information at (or below) the 

• limits of detection. 

Other considerations are associated with the fact that additional conservative assumptions also have been 

• made during the application of the allowable ambient limits developed in this Section in the process of 
developing the cumulative exposure budgets (see Section 6 of this document). Collectively, the 
conservative effect of these choices made at that point in the overall program development are expected to 
cover this possible factor of two: 

• 
• Protection of most potentially impacted individual who is assumed to remain fixed at a 

particular location for multiple years; 

• 	 Assumption of emission sources and distribution associated with the highest projected 
impacts; and 

• 	 Assumption of the modeled atmospheric dispersion behavior associated with the worst year's 
meteorology . .. Finally, the sediment remediation clean-up goals and compliance targets have been established on the 

basis of Total PCBs. Until a stronger or more technically supported justification can be made to more 
quantitatively consider the effects of the dioxin-like PCB congeners in the air compliance program, 

• maintaining regulatory and analytical consistency with the sediment compliance program is viewed as 
beneficial. 

• Given the uncertainties involved, however, it is recommended that congener analyses be performed on a 

.. 
periodic basis once remediation begins. These results can be evaluated and used to verify or adjust the 
congener distributions shown in Table 3-4 and reassess the contribution of any dioxin-like PCB 
congeners that are present, as was illustrated in the supporting calculation table in Appendix B. This 

• 
reassessment also should consider the implications of the USEPA Dioxin Reassessment Study that may 
be published in the second half of 2001. Indications are that dioxin may be reported to be more potent in 
causing cancer than has been thought to be the case to date. 

• 
200 1-0 J7 -0427 3-18
12112101 



The results of these congener and homologue analyses will be used to define certain elements of the 
specifications for future air monitoring efforts. The four highlighted congeners (Nos. 114, 118, 126 and 
169) are currently indicated to be the congeners of most practical interest from a public protection 
perspective for New Bedford Harbor. The baseline distributions of homologue groups and individual 
congeners will serve as the benchmark for comparison of the distributions of these same constituents in 
the air samples that will be collected during remediation operations. Such comparisons will be required 
on a periodic basis to determine if the composition (and, hence, toxicity) of the airborne PCBs has 
changed from the baseline, and if any adjustment of the Allowable Ambient Limits or the cumulative 
exposure budgets is warranted. The calculated NTELs for the four highlighted congeners also will be 
used to guide the selection of sampling techniques, analytical methods, and maximum detection limits for 
the future periodic verification monitoring. 
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4.0 EMISSIONS MODELING 

4.1 Introduction 

This section presents the estimation of PCB emissions rates associated with operations associated with a 
baseline remediation scenario. The scope of work for this subtask involved identifying and describing the 
possible sources of volatile PCB emissions associated with the remediation and disposal activities and 
quantitatively estimating the corresponding emission rates. These quantitative estimates were important 
in evaluating the potential air impacts from the remediation. First, they were used in conjunction with air 
dispersion modeling to estimate annual-average concentrations at specified locations around the Harbor 
where the public lives and works (see Section 5.0). The emissions modeling also illustrated the relative 
contribution of each emissions source, which was used in developing a dispersion modeling strategy. 
Later the modeling will be used to locate the ambient air monitoring stations relative to the 
implementation of the exposure budgeting program. The theoretical modeling algorithms and empirical 
measurements were developed to allow application of these results to subsequent planning and 
performance assessments. These algorithms were used in a sensitivity analysis to illustrate the relative 
impact of different chemical and physical parameters on emissions (see Section 4.5). 

4.2 Theoretical Emissions Modeling 

As described previously, the remediation of New Bedford Harbor will involve the excavation and 
relocation of sediments that are contaminated PCBs from their current location to Harbor-side or to an 
off-site disposal facility. These operations will disturb contaminated sediments and enhance the release 
of Volatile Organic Compounds (VOCs) to the air. Please note that vapor phase PCBs are considered 
VOCs under state and Federal regulations. The vapor phase PCBs will be released into the atmosphere 
primarily in the gaseous state from water or sediment surfaces. 

There are three phases of matter that are involved in emissions of VOC from PCB-contaminated waste in 
the harbor: air, water, and sediment. In such a system, a chemical equilibrium is established at the 
sediment/water interface, the sediment/air interface and the water/air interface. Theoretical models have 
been developed to define the equilibrium relationships between the concentration of PCBs in the 
individual media. For example, the theoretical model representing the equilibrium at the air/water 
interface uses an equation that relates the concentration of volatile PCBs in water to their concentration in 
air using published chemical and physical properties. 

The type of chemical equilibrium that controls transport is dependent on the emission source or emission 
producing activity. There have been several potential sources of emissions identified for NBH: 

• Dredging Operations 

• Emissions During Filling ofthe CDF 

• Ponded Sediment in the CDF 

• Exposed Sediment in the CDF 

• Capped CDF 

Thibodeaux et al. have developed theoretical models to estimate emissions from each of these potential 
sources using equilibrium relationships and mass transfer correlations (Ref. 1-6). The correlations 
developed to model the emissions from each of these sources are presented in greater detail below. 
Supporting calculations for the emissions estimates are presented in Appendix B. 

-

-

-

... 


-

.. 


• 


.. 


.. 


.. 


• 


.. 


.. 


.. 

2001-017·0427 4-1 

.. 12/12101 



• 


-
 4.2.1 Dredging or Excavation Operations 

One potential source of VOC emissions during the baseline remediation scenario is the dredging or 
excavation operation. During dredging or excavation, contaminated sediment is removed from various - locations in and around the Harbor to be transported to a CDF. Areas to be dredged or excavated include 
bottom sediments, intertidal areas, beach areas. and wetlands. There are three potential sources of air 
emissions during dredging: -

• 	 The disturbed water surface; 
• 	 The dredge bucket; and 
• 	 The surface of the receiving vessel. -

• During dredging in standing water, the bottom sediments are disturbed, creating a localized plume of 

.. 

suspended solids in the surrounding waters. The concentration of suspended sediment can vary within the 
water column, depending on the type of sediment and the method of dredging. In general, there are two 
basic types of dredges: hydraulic and mechanical. Hydraulic dredges hydraulically remove and transport 
sediment in slurry form usi!1g centrifugal or other types of pumps. Mechanical dredges remove bottom 
sediment through the direct application of mechanical force to dislodge and capture the contaminated 
material. Emissions ofVOCs may be enhanced by two mechanisms during dredging: 

• 	 Resuspension of sediment particles in the water column where contaminated particles are 
brought into the column near the air/water interface; and .. 

• 	 Increased turbulence at the water surface during dredging which Increases the rate of 
transport at the air/water interface . .. 

Hydraulic dredges often reduce the impact of these mechanisms more than mechanical dredges because 
mechanical dredges tend to disturb the bottom sediment more than hydraulic counterparts, thereby 

• causing greater particle resuspension. In addition, mechanical dredges can create significant water 

• 
turbulence at the point where the bucket breaks through the water surface. Please note, however, that the 
dredging methods being considered for use at NBH have been screened to minimize the release ofVOCs. 
In an effort to be conservative, emissions from the dredging operations were initially modeled assuming 
enhanced transport from sediment resuspension and water surface turbulence. 

• The emission flux due to transport through the air/water interface can be represented by the following 
equation (Ref. 1): 

.. 	 Equation (4-1) 

where: 

• n Emissions flux (kg/m2 hr) 

Kw Overall mass transfer coefficient (mlhr) .. Equilibrium concentration of constituent in water (kg/m3
) 

Hypothetical concentration of a constituent in water in equilibrium with the .. constituent in air 
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Please note that for equations presented in this section, the units identified for each parameter should be .. 
used in the associated equation. For purposes of this analysis, it was assumed that there is no PCB vapor 
over the water surface that would impede mass transfer, so that Cwo is zero. The equilibrium 
concentration of volatile PCBs in water that are in equilibrium with contaminated sediment can be 
represented by the following equation (Ref. 1): -


..
Equation (4-2) 

where: -
C,., Equilibrium concentration of constituent in water (kg/m3

) 

ro = PCB concentration in sediment (kg/kg) -
Ps Concentration of suspended solids (kg/m3

) .. 
Kd Sediment-water equilibrium partition coefficient (m3/kg) 

In Equation 4-1 above, Kw is the overall liquid phase mass transfer coefficient. This coefficient is often 
represented by a combination of gas phase and liquid phase transfer coefficients. However, for this 
situation and anticipated conditions, volatile PCB emissions are water-side controlled, so K,., can be •represented by a correlation that does not include gas phase transfer. The overall mass transfer coefficient 
(K,.,) can be represented by the liquid phase coefficient (k,.,) using the following correlation (Ref. 1): 

.. 
Equation (4-3) 

where: • 
Liquid phase Mass transfer coefficient (cmlhr) 

Windspeed (milhr) • 
Dw Diffusion coefficient of constituent in water (cm2/sec) 

• 
Equations 4-1 through 4-3 were used to estimate the emission flux of volatile PCBs from the water 
surface of the area being dredged. As mentioned previously, mechanical dredging not only causes a 
resuspension of particles in the water column, but the dredge bucket going in and out of the water can • 
create a turbulent surface. The correlation presented in Equation 4-3 is most applicable to more calm or 
quiescent surfaces. In order to accommodate the potential increase in emissions due to turbulence, the 
emissions flux estimated using Equations 4-1 through 4-3 was multiplied by the number of times the •
dredge bucket breaks the water per hour. The estimated emissions for total PCBs from the disturbed 
water surface at the dredge are presented in Table 4-1. The parameters used to generate these estimates 
are presented in Table 4-2. • 

OR 

.. 
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 Table 4-1 
Summary of Theoretical Emissions from Sources at NBH 

Estimated Prior to Testing -
... 

-
• 
.. 
• 

80.4 

20.9 

4.26 xl o 
Ponded Sediments - CDF C 4.26 x 1 

Sediments - CDF 0 5.96 x 1 

Sediments - CDF C 5.96 xl 28,330 

Sediments - CDF 0 64,750 

Sediments - CDF C 28,330 

Table 4-2 .. Parameters Used to Estimate Emissions 
from the Surface Water at the Dredge 

.. 
• 
.. 

Ref. 2 

a 

Ref. 1 

Ref. 2 .. a assumed windspeed based on available meteorological data for the site 

As mentioned above, the transport of volatile PCBs from resuspended sediment in a water column (such 
as that generated by dredging) is dominated by liquid phase transport. This is not true for sediment that is 
being transported in the dredge bucket. In this case, the wet sediment is coming into greater contact with 
air, and the transport through water is minimized. Consequently, the transport in this system is dominated 
by the gas phase. For this reason, emissions from the dredge bucket need to be modeled using a different 
set of equations. 

Equation 4-1 is appropriate for estimating emissions that are dominated by liquid-phase transport. 

• However, an equation of this form can also be used to estimate emissions for gas-phase dominated 
transport as shown below (Ref. 1): 

.. Equation (4-4) 

.. 
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where: 

n Emissions flux (kg/m2 sec) 

kg Gas phase mass transfer coefficient (m/sec) 

Co· Equilibrium concentration of constituent in air (kg/m3
) 

Hypothetical concentration of a constituent in the air over wet sediment (kg/m3
) 

-

-

-


As mentioned above, it was assumed for purposes of this analysis that there is no volatile PCB ... 
concentration over the sediment that would impede mass transfer, so that Co is zero. The equilibrium 
concentration of volatile PCBs over wet sediment can be estimated using the following equation (Ref. 1): 

c. =0) He 	 
Equation (4-5) 

o K 
d -

Equilibrium concentration of constituent in air (kg/m3
) .. 

ro 	 PCB concentration in sediment (kg/kg) 

Henry's Law Constant (dimensionless) 

Sediment-water equilibrium partition coefficient (m3/kg) • 
The gas-phase mass transfer coefficient (kg) can be estimated using the following correlation (Ref. 1): 

• 
Equation (4-6) 

• 

where: 

• 
Gas-phase mass transfer coefficient (m/s) 


Characteristic length of dredge bucket (m) 
 •
Do Diffusion coefficient ofconstituent in air (m2/sec) 


Vx = Windspeed (m/sec) 

•v = 	 Kinematic viscosity of air (m2/sec) 

Equations 4-4 through 4-6 can be used to estimate the emission flux of volatile PCBs from the surface of .. 
the dredge bucket. In an effort to be conservative, it was assumed that the entire surface of the bucket 
would be covered with wet sediment, and therefore represent a potential emissions source. The surface 
area ofthe bucket was estimated assuming that it was a square box with all dimensions equal to the length •of the bucket. The estimated emissions for total PCBs from the dredge bucket are presented in Table 4-1. 
The parameters used in this estimate are presented in Table 4-3. 

.. 
• 

• 
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Table 4-3- Parameters Used to Estimate Emissions 
from the Dredge Bucket .. 

.. 
-
• 

Henry's Law Constant 

Sediment-water 

Characteristic length of 3.66 m 

Diffusion coefficient of constituent in air 3.6 xl 

Windspeed 3.9 mlsec 

Kinematic of air 1.5 xl 

Ref. 2 

Ref. 2 

a 

Ref. 1 
b 

's Handbook 

• 
a characteristic length of bucket based on available project infonnation 
b assumed windspeed based on available meteorological data for the site 

• 
• 

After the sediment is removed from the Harbor under the baseline remediation scenario, it will be placed 
in a receiving vessel or hopper on the barge before being transported to a CDF. To obtain a conservative 
estimate of emissions, it was assumed that this would be an open top vessel that would essentially act as a 
continuous source of emissions. These emissions can be estimated using Equations 4-4 and 4-5. 
However, the mass transfer coefficient presented in Equation 4-6 is not applicable for this source. In this 
case, the receiving vessel is an open top container where the surface of the sediment is below the top of 

• 
the container. The gas-phase mass transfer coefficient for this configuration can be estimated using the 
following correlation (Ref. 1): 

• Equation (4-7) 

• 
where: 

kg Gas-phase mass transfer coefficient (mls) 

z = Depth of water surface below top ofhopper (m)• De = Effective diameter of hopper (m) 

Do Diffusion coefficient of constituent in air (m2/sec) 

• Vx Windspeed (mlsec) 

V = Kinematic viscosity of air (m2/sec) 

Equations 4-4 through 4-5 and 4-7 were used to estimate the emission flux of volatile PCBs from the 
surface of the hopper on the barge. It was assumed that the hopper would be approximately 15 ft by 15 ft. 
The estimated emissions for total PCBs from the receiving hopper are presented in Table 4-1. The 
parameters used in this estimate are presented in Table 4-4 . .. 


.. 
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..Table 4-4 

-

Parameters Used to Estimate Emissions 

from the Hopper on the Barge 

...,,,..t.1-,.nn coefficient 188 

of sediment surface below lip ofhopper I 

5.16 
3.6 x 10-6 

3.9 

-

Ref.} 

Ref. 2 ... 
m a 

m b 

Ref. } -
m/sec c 

Kinematic viscosity of air 1.5 x 10-5 m2/sec Perry's Handbook 

a depth ofwater surface below top based on available project infonnation -

b size of receiving hopper based on available project infonnation 
c assumed windspeed based on available meteorological data for the site 

.... 
4.2.2 Emissions During Filling CDF 

After dredging under the baseline scenario, additional water will be added to the sediment in the receiving 
hopper to create a slurry that is suitable for transport. This slurry will be hydraulically transported to a • 
CDF for storage. The inlet to the CDF can either be above (open filling) or below (submerged filling) the 
water level of the CDF. The discharge of slurry from an open pipe is similar to water flowing over a dam. 
As water flows out of the open pipe reaeration occurs, and the VOCs are partially stripped from the flow 
producing an additional source of emissions. In contrast, a submerged fill pipe would not be an additional 
source of emissions. 

III 

Emissions were conservatively estimated assuming that the inlet pipe would be above the water level 
during filling (open filling). The equation below can be used to estimate the emissions of volatilized 
PCBs from open filling: III 

III 

• 


.. 


-


Equation (4-8) 

where: 

E Emissions rate (kg/sec) 

Q Volumetric flow rate ofwater (solids free) (m3/sec) 

F Fraction ofconstituent volatilized across the discharge ( dimensionless) 

Cw = Equilibrium concentration of constituent in water (kg/m3) 

The flow rate of water through the inlet was estimated based on available site data. It was assumed that 
the 25 yd3/hour of slurry with a 5% solids content would be transported to the CDF under this scenario. 
The equilibrium concentration of PCBs in water can be estimated using Equation 4-2. There are many 
empirical relationships available to estimate the fraction of a chemical volatilized from water flowing 
over a dam that could be used for this system. The equation below presents one of these correlations: 

• 
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-	 (~:.rO.033ab (1 +O.046(T - 273» H J 

- F 	

H, (~:..r1 + O.033ab (1 +O.046(T -273» 

-
• 

where: 

F Fraction of constituent volatilized across the discharge (dimensionless) - a Water quality factor (1 for polluted water) 

b Spillway factor (0.6 for round broad-crested curved face spillway) 

T Temperature ofwater (K) 


Hd Height the water falls (m) 
.. Diffusion coefficient ofVOe constituent in water (m2/sec) 

DOl,.. Diffusion coefficient of oxygen in water (m2/sec) 

• 

Equation (4-9) 

• 

Emissions from open filling of the eDF were estimated using Equations 4-8 and 4-9 with Equation 4-2. 

The results of these calculations are presented in Table 4-1. The parameters used in these estimates are 

provided in Table 4-5. 


• 
Table 4-1 

Parameters Used to Estimate Emissions 
from Open Filling of the CDF 

• 
• 
.. 
• a estimate of slurry flow based upon available project information 

b estimate based on good engineering judgement 

.. 	 4.2.3 Ponded Sediment 

After entering the eDF under this scenario, the sediment-containing slurry will remain suspended for a .. 	 period of time before the solids settle to the bottom. After settling, the sediment will be covered with a 
layer of water, creating "ponded sediment". Emissions during the initial stage of filling (while sediment 
is resuspended) are similar to the emissions from the dredging model and can be estimated using 

• 
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Equations 4-1 through 4-3. Once the sediment settles, however, the transport mechanisms change. -

Emissions of volatiles from the sediment bed will occur in four steps: desorption from the sediment, 
diffusion through the benthic boundary layer, diffusion through the water column, and volatilization 
through the atmospheric boundary layer. Conversely, volatilization from suspended sediment is mostly driven by desorption from the sediment and then volatilization through the atmospheric boundary layer. 
Volatiles from resuspended sediment do not need to diffuse through the benthic boundary layer or the 
water column. For this reason, emissions from ponded sediment should be less than emissions from suspended sediment after filling. It is unclear how long it would take the sediment to become ponded 
after being placed in the CDF. Consequently, in efforts to be conservative, emissions from the ponded 
sediment source were estimated using the emissions methodology for suspended sediment. ... 
Equations 4-1 through 4-3 were used to estimate emissions from ponded sediment. In Table 4-1, it was 
conservatively assumed that the entire surface of both CDF C and CDF D would have ponded sediment. 
The assumed areas of CDF C and CDF Dare 7 acres and 16 acres, respectively. Estimated emissions 
from ponded sediment in CDF C and CDF D are presented in Table 4-1 with assumed modeling 
parameters used to the generate the emissions presented in Table 4-6. -

Table 4-6 
Parameters Used to Estimate Emissions 

from Ponded Sediment (Modeled as Suspended Sediment) 
.. 
.. 

a assumed windspeed based on available meteorological data for the site .. 
4.2.4 Exposed Sediment .. 
After filling, the water may be drained or removed from the CDF exposing some sediment to the air. Wet 
exposed sediments are potentially a large source of volatile emissions because the water at the air/water .. 
interface is essentially saturated with the VOC. However, the magnitude of emissions will change with 
time as the upper layers of saturated water are quickly depleted. Evaporation from the exposed sediment 
will occur in a series of steps: diffusion from particle surface to pore water, diffusion through water film; 
desorption from water film to air boundary layer; and diffusion through air. In reality, it is likely that the • 
sediment particle and pore water would already be in equilibrium and that the water film is very thin so 
these steps would provide little resistance to transport. So, the transport in this system is dominated by ...the sediment/air interface. After a period of time, the water and volatiles in the upper layers of the wet 
sediment will evaporate, and transport will become limited by diffusion through the air filled pore spaces 
to get to the atmosphere. At this point, the system changes from being air-side controlled to sediment ..side diffusion controlled. These two phenomenon can be combined into one equation that estimates the 
emissions from exposed sediment as shown below (Ref 1): 

-
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 (@K:< -C.J 

-	 n = 

1ft 

D (E.H< +KdP, J 
eJf H 

e 

)i 

1 
+ 

kgs -
• where: 

.. 
n = Emissions flux (kg/m2 hr) .. ro PCB concentration in sediment (kg/kg) 

He Henry's Law Constant (dimensionless) 

Sediment-water equilibrium partition coefficient (m3/kg) 

.. 

Air filled porosity in the sediment (m3/m3

) 


t Time since sediment has been exposed (hr) 


Effective diffusivity within the sediment pore spaces (m2/hr) 

Bulk density of sediment (kg/m3
)

• Sediment-to-air mass transfer coefficient (m/hr) 

Ca Hypothetical concentration of a constituent in the air over wet sediment .. 

Equation (4-10) 

For purposes of this analysis, it was conservatively assumed that there is no volatile PCB concentration 
over the sediment that would impede mass transfer, so that Ca is zero. The effective diffusivity is an 
estimate of the diffusivity through pore spaces as opposed to through a homogeneous air layer. This 
diffusivity can be estimated using the following equation (Ref. 1): 

• 	 Equation (4-11) 

where: 

DeJf = Effective diffusivity within the sediment pore spaces (m2/sec) 

Da = Diffusion coefficient of constituent in air (m2/sec)

• 	 Ga = Air filled porosity in the sediment (m3/m3
) 

GT = Total porosity of the sediment (m3/m3
)

• 
The sediment-to-air mass transfer coefficient (kgs) can be estimated using the following equations 
(Ref. 1): 

• 	 Equation (4-12) 

Re = vxL Equation (4-13) 
v -

• 
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v .. 
Sc=- Equation (4-14) 

Do 
where: -

kgs = Sediment-to-air mass transfer coefficient (m/s) 

Re Reynolds Number (dimensionless) 

Sc = Schmidt Number (dimensionless) 
Do = Diffusion coefficient of constituent in air (m2/sec) 

L Characteristic length of exposed area (m) -
Vx Windspeed over the surface of exposed area (m/sec) ..V Kinematic viscosity of air (m2/sec) 

Equations 4-10 through 4-14 were used to estimate emissions from exposed sediment. Emissions were ..estimated at the first hour of exposure (t = 1 hour). It was also assumed that the entire surface of both 
CDF C and CDF D would have exposed sediment producing a worst case estimate. The assumed areas of 
CDF C and CDF Dare 7 acres and 16, acres respectively. The characteristic length of the exposed 
area was estimated based on the dimensions of CDF D. Estimated emissions from exposed sediment in 
CDF C and CDF D are presented in Table 4-1. Parameters used in these calculations are presented 
in Table 4-7. 

III 

Table 4-7 
Parameters Used to Estimate Emissions 

from the Exposed Sediment III 

III 

III 

It 

... 


.. 


.. 


... 


a estimate based on good engineering judgement 

b estimated value based on dimensions of CDF D 

c assumed windspeed based on available meteorological data for the site 


4.2.5 Capped Sediment 

After the CDFs have been filled and curing completed, the CDFs may be capped with clean fill under the 
baseline scenario. This would serve to reduce emissions from the CDFs on a long term basis. Emissions 
from this source can be estimated using models developed for steady-state emissions from soil-covered 
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-
 landfills. The appropriate equation to estimate the emissions flux from this type of system is presented 
below: 

- n= D: ("'X:' -Co) Equation (4-15) 

-
where:- n = Emissions flux (kg/m2 sec) 

Deff Effective diffusivity within the sediment pore spaces (m2/hr) 

h Thickness of soil cap (m) 

ill PCB concentration in sediment (kg/kg) 

• Henry's Law Constant (dimensionless) 

/(} Sediment-water equilibrium partition coefficient (m3/kg) 

• Hypothetical concentration of a constituent in the air over wet sediment 

• As before, it was assumed that there is no PCB concentration over the soil cap that would impede mass 
transfer, so that Ca is zero. The effective diffusivity was calculated using Equation 4-11. It was also 

• 
assumed that the entire surface of both CDF C and CDF D would be capped. The assumed areas of 
CDF C and CDF Dare 7 acres and 16 acres, respectively. The estimated emissions from capped sediment 
are presented in Table 4-1 with supporting parameters in Table 4-8. As shown in these estimates, 
emissions from capped sediment are expected to be very small. However, please note that unlike the 
other types of emission sources described in this section, capped sediment is considered a long-term

• source and will occur for as long as the sediment remains in the CDF. 

Table 4-8 
Parameters Used to Estimate Emissions 

from the Capped Sediment 

• 

• 


• 4.2.6 Discussion of Results 

• Table 4-1 summarizes the theoretical volatile PCB emission rates from potential sources associated with 
the NBH remediation operations. There are several comparisons and observations that can be made using 
these results. 

• First, based on these estimates, emissions from dredging appear to provide a relatively significant 
contribution to the total emissions from the project. There are several assumptions that have been used in 
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..the modeling that could contribute to these higher rates. The modeling assumes that the water at the 
dredging surface will be turbulent which would significantly increase emissions. In addition, it was 
assumed that wet sediment would cover the entire dredge bucket, which creates a significant emissions 
source. Finally, the emissions from the receiving hopper were estimated assuming that the concentration -of volatile PCBs in the air space would be saturated. 

The emissions from open filling of the CDF do not appear to be a significant contributor to the overall .. 
emissions from the Site. The emission correlations are considered reasonably conservative, so it is likely 
that this could be attributed to the flow rate assumptions. A flow rate of 25 yd3/hr was assumed in this 
calculation. More recent operating data has indicated that the flow rate into a CDF could be as high as .. 
75 yd3/hr, which would triple the estimated emission rate. Even though the emissions from open filling 
are less in magnitude than the CDFs, they are a much more concentrated source. Consequently, it is a 
potent point source that could have strong nearby impacts. As such, open filling is not recommended for 
filling the CDFs. 
Lastly, the theoretical emissions estimates indicate that ponded sediment produces a larger emissions flux ..than exposed sediment. Considering the assumed transport mechanisms, it appears that the exposed 
sediment should have the larger emissions flux. In addition, previous ambient air monitoring has shown 
higher results during periods of low-tides versus high-tides. These observations also support the concept 
that exposed sediment may have a larger emissions flux than ponded sediment. The anomaly in the .. 
predicted emissions could be a result of the underestimation of emissions from the exposed sediment, but 
without test data, it is unclear which source should have larger emissions. 

•
It has been observed that an oil sheen sometimes develops on the surface of water as contaminated 
sediments are agitated or otherwise disturbed. It is not well understood why oil is generated. One theory 
suggests that the free-oil phase may be attached to the particles but is not released by the gentle process of .. 
settling, instead, it is only released upon agitation. Another theory suggests that once deposited, free oil 
may be formed on the sediment (Ref. 2). 

..
Either way, this oil sheen floats on the water and essentially separates the air from direct contact with the 
water. It is unclear how this oil film would effect emissions of volatile PCBs. It could act as a barrier 
between the water and air, thereby impeding the volatilization of organics. However, since the oil may be 
in direct contact with the sediment for prolonged periods of time, it could act an organic phase reservoir .. 
for PCBs. This would likely cause an increase in emissions from a surface with an oil sheen. It is 
recommended that the effect and extent of oil sheens be further investigated. 

•
4.3 Field and Laboratory Measurements 

A Pre-Design Field Test (PDFT) was conducted to evaluate dredging technology for use in designing the •
dredge and disposal plan for the full-scale cleanup. The results of the PDFT are presented in a document 
entitled Pre-Design Field Test Evaluation Report New Bedford Harbor Superfund Site (Ref. 7). As a part 
of the PDFT, Radian DRS was asked to take flux measurements at several potential sources of emissions. •In addition, sediment samples were collected and sent to the USACE Waterways Experiment Station 
(WES) for additional testing. The testing locations were chosen to help evaluate the assumptions and 
ground truth the results of the theoretical emissions modeling. The results of the PDFT and the WES 
testing are fully described below. -
4.3.1 Pre-Design Field Test ... 
A Pre-Design Field Test was conducted in August 2000 for the purpose of evaluating one of the dredging 
approaches being considered for use during the full-scale remediation. During the PDFT, a Bean TEC -
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• 

environmental hydraulic excavator Bonacavor was used for dredging. The Bonacavor is a hybrid dredge - with mechanical excavation and hydraulic transport. The dredging equipment used a mechanical 
clamshell bucket called the Horizontal Profiling Grab (HPG) bucket. The HPG bucket is designed to 
excavate thin layers of material with high accuracy, causing minimal spill and turbidity. This bucket is - self-sealing to minimize loss of water and sediments during transfer from the Harbor. 

Another key feature of the dredging system was incorporation of a "moon pool", a 30 ft by 40 ft wide 

-
- cutout at the digging end of the barge where the excavation takes place. The moon pool a110wed dredging 

to be conducted within an isolated and relatively quiescent area. An oil boom was placed at the opening 
to the moon pool, which is enclosed on the other three sides by barge sidewalls. 

.. The dredge material was placed in a slurry processing unit (SPU) located on the dredge platform. The 
SPU system is a proprietary hydraulic slurry transport system that delivers high percent solids 
concentrations, by introducing controlled amounts of water to mechanically dredged material. The SPU 
was equipped with a process hopper that included a 6 in by 6 in grizzly screen for separation of debris. 
On the bottom of the hopper, two horizontal augers were used to homogenize the dredged material and 

• 	 prepare the slurry for transport. The SPU unit was designed to add the minimum amount of water to the 
slurry and still allow efficient hydraulic transport to the CDF. 

• 

The sediment slurry was hydraulically transported to a CDF for storage. The CDF was filled using a 
suspended pipe several meters above the water surface. It was observed that an oil sheen formed in the 
CDF around the inlet. Oil booms were used to contain the oil sheen within the CDF. Field operations 
observed that the sheen area was roughly equivalent to about 45 feet by 45 feet or approximately 
2000 ft2 (186 m2

). 

• The URS Corporation (URS), under contract to Foster Wheeler Environmental Corporation (Foster 
Wheeler), measured the emission flux of PCBs associated with dredging and sediment storage operations. 
The overall objective of the sampling effort was to characterize the emission flux of PCBs from the 
potential emissions sources associated with dredging. Flux box measurements were performed at various .. potential emission points as follows: 

• Fresh slurry; 
• Water over fresh slurry; 
• 0i1 sheen on the CDF; .. • Water near oil sheen on the CDF; 
• Moon pool at the dredge; and 
• Outside the silt fence at the dredge barge. 

• 	 In addition, ambient air measurements were taken in the vapor space of the grizzly hopper at the dredge 
barge. 

• 
• The testing procedures used during this study were based on the EPA User's Guide for flux chamber 

monitoring prepared by Radian URS (Ref. 8). The flux chamber is a vessel with a volume of 30 liters and 
it is filled around its rim with a tire inner tube to allow it to float on the water surface. Fresh, unexposed 
air was passed over the sample surface at a rate of 5 liters per minute. The tests were conducted in 
August when the ambient daytime temperature at the time of the tests ranged from 20 to 28 °C. The flux 
box was unable to be used for testing emissions from the grizzly. URS took samples of the grizzly head .. space air and made the assumption that the grizzly volume was purged four times per hour to determine 
the emission rate from the hopper. Three one-hour tests were taken for most of these source locations. 
The average flux test results for Total PCBs for each location are presented in Table 4-9. Please note that 
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total PCBs were measured as total homologues. A complete description of the flux testing is presented in 
the URS summary report (Ref. 9), which is an eppendix to the Pre-Design Field Test report. Table 4-9 
also presents the theoretical emissions estimate projections that would be most appropriate to compare for 
each testing location. 

Table 4-9 
Summary ofPDFT Flux Test Results from Sources at NBH 

4.3.2 WES Laboratory Analysis 

As previously noted, several remedial alternatives or variations are being considered for the New Bedford 
Harbor Superfund site. Dewatering the sediment prior to disposal is one option currently receiving 
further consideration. After dewatering and associated processing, the sediment would either be sent off
site for disposal, or stored on-site in a CDF. 

There are several reasons why a sediment dewatering option is being considered. As discussed above for 
the baseline remediation scenario, the wet slurry would be pumped from the dredge into the CDFs where 
it would be stored and allowed to settle over a period of time. Because of the consistency of the slurry, 
the wet sediment would spread out and cover the entire bottom of the CDFs so that volatile PCBs would 
generally be emitted from the entire footprint area. Preliminary searches have identified few practical 
engineering or processing options for controlling the volatile emissions from wet sediment in this 
configuration. In addition, the storage capacity required for dewatered sediment would be less than for 
the wet sediment handling alternative because the wet slurry occupies a much larger volume per mass of 
sediment sediment stored than a dewatered sediment would occupy. Given these potential advantages, 
sediment dewatering is being considered and flux box testing was conducted on dewatered sediment to 
evaluate the effect of dewatering on emissions of volatile PCBs from the surface of the resulting 
sediment. 

WES Laboratories conducted flux box testing on samples of PCB-contaminated sediment from New 
Bedford Harbor. The results of this testing are presented in a document authored by WES and included in 
this document as Appendix K (Ref. 10). Laboratory analyses were performed on untreated (or non
dewatered) and dewatered sediment samples. The samples were provided as the result of the bench-scale 
testing of three methods for dewatering which were conducted by the following vendors: 

• Koester Environmental Services (Koester) 
• Mineral Processing Services (MPS) 
• JCIlUpcycle Associates (lCI) 
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Koester used a plate and frame filter press that utilized diaphrams. MPS was proposing the use of a -

-

"bladder press" that combined the technologies of a continuous belt filter press and a plate and frame 
press. However, for the bench-scale program, MPS used a modified diaphragm plate and filter press to 
simulate the results of a bladder press. The bench-scale testing for these two methods produced - dewatered filter cakes with moisture contents between 34% and 39%. JCI was proposing to dewater the 
full-scale project with a technology that utilized a modified belt filter press to dewater the sediments. JCI 
did not successfully dewater sediment during the bench-scale testing, producing filter cake with a 
moisture content of 7l.9%. However, their bench-scale tests indicated that the NBH sediment was 
responsive to flocculation and therefore amenable to commercial scale-up. In all three methods, polymer 
was added to the wet sediment prior to treatment to enhance dewatering. The bench-scale testing of these,. 
dewatering technologies is presented in the Final Technical Memorandum entitled Feasibility 
Investigation ofSediment Dewatering Alternatives (Ref 11). PCB concentrations in the tested sediment 
samples were not provided in the WES report. 

Testing was conducted using a flux chamber designed at Louisiana State University (LSU) and 
constructed by WES. The two-piece anodized aluminum chamber was constructed to hold a sediment .. depth of 10 em and has a surface area of 375 cm2 

• Dry air was passed uniformly over the sediment 
surface at a rate of 1.7 liters per minute. There were 6 tests performed on New Bedford Harbor Sediment. 
Tests at two temperatures were performed on both the untreated and the Koester process samples. For 

these samples, tests were performed on sediment at room temperature and on sediment heated to 85 r. 
Flux box testing for the MPS and JCI samples were performed only on sediment at room temperature. 

.. 

Air was run through the chamber and through a sampling medium to collect PCBs continuously for 7 
days. The sampling medium was extracted for testing at 6, 24, 48, 72 hours and 7 days after introduction 
of clean dry air flow through the chamber. The untreated (non-dewatered) samples showed a peak in 
emissions approximately 48 hours after initiation, while the dewatered samples generally showed peak 
fluxes earlier in the sampling time line. The moisture contents and average and peak measured emission 
fluxes of total PCBs for the samples tested in the WES study are presented in Table 4-10. Please note that 
in this study, total PCBs were measured as AroclQr 1242 . 

.. Table 4-10 
Summary of Peak Volatile PCB Emission Fluxes 

Measnred During WES Laboratory Testing 

• 
Dewatering using the JLS method was not successful for this sample. 

The measured flux time trend for the six sampling runs are presented in graphical form as Figure B-1 in 
Appendix B. This figure plots the measured emission fluxes as a function of time over the 7 day test .. 

• 
.. 
.. 
.. 

36,400 

4,877 72 hours 

a 
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runs. As shown in this figure, the measured fluxes for the dewatered Koester sample at room temperature 
were reported to be almost an order of magnitude higher than the measured fluxes for all other sampling 
runs. More specifically, the room temperature Koester sample had measured emission fluxes 
significantly higher than the Koester sample run at 85 OF and the MPS dewatered sample. It is unclear 
why there is such a difference between the emissions from these samples. The first notable difference is 
between the heated and the room temperature Koester samples. It was not anticipated by the investigators 
that the increase in temperature to 85 OF would result in significantly different emission rates. The other 
notable difference is that the MPS sample has significantly lower measured emission rates than the room 
temperature Koester sample. This again is not anticipated because the MPS and Koester samples have 
similar moisture contents and were produced by similar bench-scale methods (i.e., a plate and frame filter 
press with diaphram). For these reasons, it is difficult to confidently conclude, based upon this limited 
data, that dewatering the New Bedford Harbor sediment will result in a significant increase in emissions 
relative to the untreated sediment in the same configuration. 

4.3.3 Discussion of the Measured Fluxes 

There are several conclusions and observations that can be made concerning potential emission sources 
during dredging. One important observation during the PDFT was the presence of three distinct regions 
of emissions in the CDF during filling. As described previously, there was a consistent oil sheen that 
developed around the fill pipe to the CDF. Testing indicated that this oil sheen area exhibited an elevated 
emission rate. Then, around this fill area, there was the near-sheen area that also exhibited a relatively 
elevated emission rate, approximately one half that of the oil sheen area. The third region in the CDF was 
the quiescent region where the sediment was not really being effected by filling. This region would 
exhibit characteristics most like the ponded sediment locale described previously. It is important that all 
three of these regions be accommodated in the emissions modeling. 

As mentioned above, the presence of an oil sheen during dredging operations was consistently observed 
during the PDFT. For this reason, the effect of oil sheen on emissions needs to be included in the 
emissions estimates. It does not appear that the oil sheen inhibits emissions. Conversely, it appears that 
the sheen could contribute to higher emissions. As shown in Table 4-9, the emission flux over the sheen 
is approximately twice as high as the flux measured near the sheen. This indicates that for sources under 
similar conditions, the presence of an oil sheen causes higher emissions. The PDFT results and the WES 
results (which are similar for wet/untreated slurry) indicate that the theoretical emissions estimates for the 
ponded sediments would not be appropriate for estimating emissions from recently agitated slurry. 
Actually, the emissions from the recently agitated wet slurry and the oil sheen appear to be very similar. 
This would indicate that the oil phase generated during agitation is likely the driving source for emissions 
under these conditions. The results of the testing can be used to develop a modeling approach that 
predicts emission rates from sediment slurries with an oil phase and for agitated slurries near an oil sheen. 

The model for the ponded sediment can be refined using the PDFT test results to accurately represent the 
remainder of the CDF area (the quiescent area). The most appropriate testing locale to use to represent 
the quiescent area in the CDF is the area outside the oil boom by the dredge. In this area, the'sediment is 
settled and the water surface is not subject to turbulence. One parameter in the ponded sediment model 
that could be refined is the equilibrium concentration of PCBs in water at the water/air interface. This is a 
difficult parameter to predict because it is not only dependent on the sediment/water equilibrium, but it is 
also dependent on the diffusion of PCBs to the surface through the water column. An appropriate value 
for this concentration can be determined from the PDFT results and subsequently used in the modeling. 

The test results (as summarized in Table 4-9) also indicate that the contribution from dredging operations 
are likely overestimated in the theoretical emissions modeling. There are several factors that may have 
contributed to the overestimation. First, as mentioned previously, it is very difficult to predict the 
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• 	 equilibrium concentration of PCBs at the water surface. This was likely conservatively overestimated in 
the theoretical modeling. Also, the modeling assumed that the dredge bucket would create a turbulent 
water surface. Observation at the PDFT indicated that the moon pool and the clamshell dredge bucket 
greatly reduced the amount of turbulence generated. The test results can be used more accurate estimate • 
the equilibrium concentration of PCBs at the water surface. 

Additionally, the emissions modeling assumed that the surface of the dredge bucket would be a 
significant source of emissions. The use of a clamshell dredge bucket specifically designed in part to -
reduce sediment disturbance and emissions essentially eliminates the significance of the dredge bucket 
surface as an emissions source. Observations during the PDFT support this assertion. Finally, the 

.. 
• theoretically predicted emissions from the grizzly hopper on the barge also appear to be overestimates. 

This is likely due to the over estimation of the equilibrium concentration of PCBs in the air in the hopper. 
This concentration can be more accurately predicted using the measurements taken during the PDFT . 

Lastly, it should be noted that the predicted emissions from exposed sediment was a little lower than 
measured emissions from the mudflats and significantly lower than the measurements from the dewatered 

/II sediment. This indicates that the algorithms for emissions from exposed sediment would need further 
refinement to represent the mudflat area, and that they do not accurately reflect dewatered sediment. At 
the time of this analysis, the baseline remediation scenario called for storage of wet slurry in the CDFs .. 	 with a water layer. Also, testing and modeling have indicated that exposed and capped sediment are 
smaller emissions sources than wet slurry and ponded sediment. For these reasons, the final methodology 
presented below looks at emissions from wet slurry being stored in the CDF. 

4.4 Application of PDFT and WES Results to Emissions Modeling 

Observations from the PDFT indicated that there are several distinct regions of emissions present in the
III 

.. 
CDF: oil sheen region around discharge pipe; area near oil sheen; and quiescent area over remainder of 
CDF. Emissions from all ofthese potential emission regions needed to be incorporated into the emissions 
methodology . 

As presented above, there were several additional conclusions made from the PDFT and WES testing that 
needed to be incorporated in the emissions modeling. First, the ponded sediment model needed to be 

II 	 further refined to more accurately reflect the equilibrium concentration of PCBs at the water surface. 
Second, the emissions algorithms for the dredge needed to be further reviewed. Lastly, emissions from an 
oil sheen needed to be included in the overall modeling. 

The results of the PDFT and WES results were incorporated in the emission modeling algorithms to more 
accurately predict estimated emissions from the remediation operations as shown below. 

4.4.1 Ponded Sediment - Quiescent Surface 

Equations 4-1 	and 4-3 can still be used to estimate emissions from ponded sediment in the CDF with a 

.. 
• quiescent surface. However, rather than use Equation 4-2 to estimate the concentration of PCBs at the 

water surface, the PDFT results can be used to more accurately predict this value. It was assumed that the 
area outside of the silt fence would most accurately reflect the quiescent area in the CDF. The measured 
concentration of PCBs at the water surface at this location was 4.02 flg/m3

• Therefore, instead of using 
Equation 4-2, the equilibrium water concentration over ponded sediment with a quiescent surface was 
represented by the measured water concentration of 4.02 flg/m3

• The predicted theoretical emissions flux 
using this value is presented in Table 4-11. Please note that the base emissions flux for the ponded 
sediment will be adjusted to account for sediment concentrations. This adjustment is described in 
Section 4.7 . .. 
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Table 4-11 
Summary of Theoretical Emissions from Sources at NBH 

Estimated After Pre-Design Field Test 

4.4.2 Dredging Operations 

As mentioned above, the predicted emissions due to the dredging appear to be overestimated. Emissions 
from the water surface at the dredge or the moon pool were estimated using Equations 4-1 through 4-3 
and the resulting emission flux from these equations was increased to account for enhanced turbulence. 
The results and observations from the PDFT indicate that the effect of enhanced turbulence does not need 
to be included in the emissions model for the moon pool. Similar to the ponded sediment above, the 
equilibrium concentration of PCBs at the water surface can be incorporated using test results. The average 
measured concentration of PCBs at the water surface at the moon pool was 14.3 J.lglm3

. Updated 
emissions from the moon pool were estimated using this water surface concentration and Equations 4-1 
and 4-3. The result is presented in Table 4-11. 

The results of the PDFT also indicate that emissions from the grizzly hopper are not a significant source 
of emissions. This was not accurately reflected in the theoretical emissions modeling. Emissions from 
the grizzly are a function of how much PCB is saturated in the air above the sediments and the sediment 
throughput. In reality, the PCB concentration in air above the water would likely very seldom reach total 
saturation. Reaching saturation is a function of the quantity of time that the air comes in contact with the 
PCBs in water. Therefore, using the measured emission rate from the PDFT is the most accurate choice 
for this task. The emission rate ofPCBs from the grizzly hopper is presented in Table 4-11. 

4.4.3 Oil Sheen on CDF 

As observed during the PDFT, there is a portion of the CDF around the fill pipe where there is a more 
turbulent regime and an oil sheen is created. This sheen will likely have the properties of an oil film or an 
emulsification of oil that floats on the water surface. Gas-phase resistance would limit the emissions of 
volatile PCBs from such an oil sheen. A model developed by the USEPA to estimate emissions from an 
oil film can be used to predict emissions from this film (Ref. 11). The equations used in this model are 
presented below. 

The relationship describing the flux of a volatile constituent from a liquid· surface to the air can be 
represented using the following equation: 

Equation (4-16) 

where: 

n Emissions flux (glm2 sec) 

K Overa]] mass transfer coefficient (mlsec) 
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.. 
• Concentration of constituent in liquid (oil) phase (g/m3

) 

- Assuming that the oil film is relatively thin and that mass transfer is controlled by the gas-phase 
resistance, the following equation applies: 

- Equation (4-17) 

• 
where: 


K = Overall Mass transfer coefficient (mlsec) 


kg Gas-phase mass transfer coefficient (mlsec) 

Keq Equilibrium partition coefficient between oil phase and gas phase (dimensionless) 

Keq can be estimated using Raoult's Law as shown below: .. 
K =p. Pa MWoil Equation (4-18) 

eq PL MWa Po 

where: 

Keq Equilibrium partition coefficient between oil phase and gas phase (dimensionless) 
p. Vapor pressure of volatile constituent (atm) .. po Density of air (g/cm3

) 

MWoil Molecular weight of oil (g/gmol) 

• PL Density of oil (g/cm3
) 

MWo Molecular weight of air (g/gmol) 

• 
Po Total pressure (l atm) 

The gas-phase mass transfer coefficient (kg) can be estimated from the correlation of MacKay and 
Matasugu (Ref. 11): 

Equation (4-19) 

where:• kg Gas-phase mass transfer coefficient (mlsec) 

U = Windspeed (mlsec).. 
Schmidt number (dimensionless) 

de = Effective diameter of exposed surface ofthe oil film (m) 

• 
As mentioned previously, the area around the fill pipe with an oil sheen was observed to cover an area of 
approximately 45 feet by 45 feet. This area was used to determine the effective diameter for

• Equation 4-19 above. The Schmidt number was calculated using Equation 4-14. The concentration of 
PCBs in the oil phase was determined using the results from the PDFT. No testing was performed to 
measure the concentration of PCBs in the oil phase, but the concentration can be back-calculated using .. 
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the PDFT results and Equations 4-17 through 4-19. Using this methodology, the concentration of PCBs • 
in the oil phase was estimated to be approximately 2,230 glm3

• Other parameters used in this calculation 
are presented in Table 4-12. The results of this calculation are presented in Table 4-11. 

-Table 4-12 
Parameters Used to Estimate Emissions 

from the Oil Sheen -
-
-

-

-

a estimate based on back-calculation using other parameters 

b a composite based on properties ofdi- and tri-homologues and correcting for temperature (300K) 

c assumed windspeed based on available meteorological data for the site 


As mentioned above, the sheen area was observed to cover an area of about 45 feet by 45 feet of the CDF. 
It was observed during field-testing that the emissions from the water near the sheen were at a reduced •level relative to the area with the sheen or film, but still at a significant percentage of the sheen flux 
(approximately one half). This near-sheen area was roughly estimated to be a swath of 10 feet width, 
surrounding the sheen area. For the purposes of an emissions estimate, it is assumed that the near-sheen 
flux is 55% of the sheen flux as measured during the PDFT. The estimated flux for the near-sheen area is • 
presented in Table 4-11. 

4.5 Sensitivity Analysis • 
As was discussed previously, emission rates are sensitive to many chemical and physical parameters such 
as the ones listed below: • 

• Ambient temperature; ..• Windspeed; 
• Sediment/water equilibrium partition constant; 
• Sediment suspended in water; and 
• Diffusivity ofvolatile PCB in air and water. .. 

A sensitivity analysis of these parameters can be a helpful tool in evaluating potential operating programs. 
The equations and methodologies presented in this section were used to evaluate the influence of many of 
these factors on volatile PCB emission rates at New Bedford Harbor. The sensitivity of the emissions 
estimates to these parameters is presented below. 

Ambient Temperature 
.. 

2001-017-0427 4-21 
12112/01 .. 



• 

• Temperature can have an effect on emissions because it has an effect on the amount of PCB dissolved in 
water. The higher the temperature, the more PCB will be able to be dissolved in water. The higher the 
quantity of PCB in water, the higher the emission rate. The Henry's Law constant is the parameter that 
defines the concentration of volatile PCBs in water. For example, the Henry's Law constants for 
Arochlor 1242 at 15 and 25°C are shown in Table 4-13. -

Table 4-13 
Henry's Law Constants for Aroclors -

• 

The annual average ambient temperature for the site is about 15°C while the temperature during the field 
flux box testing was about 25 °C. Since the mass transfer coefficient is directly related to the Henry's 

• Law constant, the reduction of the flux from test conditions to an annual averaged temperature is 
estimated to be 46%, or a factor of 0.54. 

• 	 4.6 Windspeed 

Windspeed has a significant impact on predicted emission rates. The two models used in the final 
emissions calculations are based on mass transfer coefficients as an exponential function of the 

• 

• windspeed. Average site windspeed is about 8.7 mph. The USEPA WATER8 model for an oil film is 
based on mass transfer resistance from diffusion of a VOC molecule through air (Ref. 11). The Valsaraj 
model for emission from a water covered CDF is based on a limiting diffusion resistance through water 
(Ref. 1). If the windspeed increases from 5 mph to 10 mph, the two models predict increases in emissions 
as shown in Table 4-14. 

• Table 4-14 
Effect of Windspeed on Emissions Estimates 

• 
.. 

Prorating the emission fluxes from the flux box test results in large increases in fluxes for the Valsaraj 

• model. For this reason, caution should be used when using the Valsaraj model to predict emissions for 
extremely low wind velocities. 

• SedimentlWater Equilibrium Partition Coefficient 

The sediment/water partition coefficient is a parameter used in Valsaraj correlations to calculate the 
equilibrium concentration of PCBs in water. The lower the partition constant, the higher the • 	 concentration of PCBs dissolved in water, and thus the higher the volatile PCB emission rate to the air. 
These values are mostly determined through laboratory experiments. Valsaraj (Ref. 1) provides partition 
coefficients for two common PCB Aroclor mixtures presented in Table 4-15. 
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Table 4-15 

SedimentlWater Partition Coefficients for ArocIors 


-

-

-


As shown in Equation 4-2, the equilibrium concentration of PCBs in water is generally inversely 
proportional to this partition coefficient. Since Aroclor 1242, which has a lower partition coefficient, has 
a higher fraction of lighter PCB constituents, more PCB congeners will be dissolved in water resulting in 
higher predicted emissions to the air. 

Conclusions 
The most significant impact on emission rates according to the models presented is wind velocity since 
the mass transfer coefficient is an exponential function of wind velocity. Temperature has a significant -
impact on emissions as well, but not to the extent of the wind velocity. Emissions will also be related to 
the PCB content of the sludge and dependent on the distribution of low to high molecular weight 
congeners. -
4.7 Summary of Results .. 
This section presented a summary of the emissions that were used in the dispersion modeling analysis. 
However, prior to use in the dispersion modeling, the base emissions (or emissions developed up to this 
point) were adjusted to account for temporal and spatial considerations. These adjustments are presented 
below. 

4.7.1 Emissions Adjustments • 
At time of this report, dredge and fill operations in New Bedford Harbor are expected to take place over a 
period of 4 years and occur through six zones which were delineated for this analysis. Maps of the zone 
locations are included in Appendix C. Table 4-16 is a schedule ofthe expected operational activities: 

Table 4-16 
Assumed Schedule of Dredging Operations • 

.. 


.. 


-

-

.. 

.. 
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• The operational scenarios presented above were used in the dispersion modeling analysis presented in 
Section 5.0 of this document. There are four scenarios, one for each year of operation. Each annual 
scenario is made up of the combination of operations that occur in each year. 

,. 
As mentioned above, the dredging operations will move through six different zones. Each zone has its 
own characteristic sediment PCB concentration with Zone 1 having the highest average PCB 
concentration in the sediments. The sediment PCB concentration by dredging zone and planned dredging 
volumes are provided in Table 4-17: -

Table 4-17 
Dredging Volumes and Average PCB Concentrations for Each Zone,. 

.. 
• 
.. 

As noted previously, the emissions of PCBs are directly related to the concentration of PCBs in the 
sediments. Since the zones that are dredged from year to year change, the average concentration of PCB 
stored in the CDFs will also change from year to year as shown below. The predicted concentration of

• 	 PCBs in the CDFs for each year of operations is based on the dredging schedule and planned dredge 
volumes. 

.. 


.. 

A veraged sediment PCB concentration in CDF C 1,031 ppm 

CDF D gets filled in over 3 years 
Year I: Volumetric averaged sediment PCB concentration 968 ppm 
Year 2: Volumetric averaged sediment PCB concentration 732 ppm 
Year 3: Volumetric averaged sediment PCB concentration 486 ppm 

The emission fluxes presented in Table 4-11 were based on Zone 1 concentrations, which has the highest 
average PCB content. Subsequent year's emissions are based on ratios of that year's or Zone's average 
sediment PCB concentration to the average concentration for year 1 or Zone 1 respectively. 

• 	 Finally, since PCB concerns are based on chronic health impacts rather than acute or short term impacts, 
annual average emissions estimates were developed. At the time of this study, the project schedule called 
for 16 hours/day, 6 days per week. Consequently, it was assumed that dredging operations that result in 

ill 	 sheen and near sheen emissions occurs 16 hours/day and 6 days per week. For these locations, converting 
the instantaneous emissions to an annualized basis is accomplished by applying the following factor: 

ill 	 6 *16 *52
annualizationJactor = =57% 

8760 

• In addition, as presented above, dredging only occurs in certain zones each year. For this project, it is 
assumed that dredging proceeds from Zone 1 to 2 and then to 3 and so on, until Zone 6 is dredged and 
completed. So, for example, in year 1, dredging from Zone 1 occurs for 9 months out of the year and .. 	 thus, in order to annualize emissions, the emission rates for Zone I were weighted by 75%. It was then 
assumed that Zone 2 emissions would apply for the remainder of the year . 

.. 
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4.7.2 Summary of Emissions for Dispersion Modeling -

In summary, the approach for calculating emissions was to generate a base emission rate for total PCB 
homologues at 25°C and the average wind speed of 8.7 mph. The base emission rate is based on the composition of the sediment in Zone 1 and are summarized in Table 4-11. For each year of dredging 
operation, the fluxes are adjusted based on the ratio of the concentration of PCBs in that zone over the 
PCBs concentration in Zone 1. The emissions are also adjusted for average annual temperature, for the 
amount of time of scheduled dredging, and for the amount of time in each zone. 
Annualized PCB emissions are given in Table 4-18. These emissions fluxes and rates were used in the 
dispersion modeling analysis presented in Section 5.0 of this document. As shown in this table, emission 
fluxes and rates generally decrease from year to year primarily because of the PCB content of the 
sediments decrease as dredging proceeds from Zone 1 to Zone 6. The PCB concentration in CDF D 
decreases from approximately 1000 ppm in year 1 to about 500 ppm in year 3. The PCB flux from -
ponded sediment in CDF C stays the same throughout all years of curing because after it is filled, it was 
assumed, water stays over the dredged sediments at a constant level. Because of volatilization, the PCB 
content in CDF C diminishes over the 4-year period of study. However, the PCBs emitted are a very 
sma]] fraction of the total quantity dredged, and thus the PCB content in CDF C does not vary 
significantly from year 1 to year 4 ofoperation. -This is shown in Table 4-19, which gives the total estimated PCB emissions over the 4-year period of 
study. It was estimated that about 57.4 kg of total PCBs are emitted over the 4-year period of dredging 
operations. Year I gives the highest quantity of PCB emissions, and therefore, it would be expected that •this year would have the highest measured ambient air impacts. The total PCB emission was estimated to 
be approximately 0.0260% of the total PCB dredged. The fraction volatilized as a percentage of the 
cumulative quantity dredged falls each year because the dredged materials in year 3 are less contaminated 
with PCBs than in year 1. • 

• 


• 

.. 

-

-
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• 

Table 4-18 

Emission Fluxes and Rates Used in the Modeling 

-

• 


• 

.. 

.. 

.. 

• 

.. 


• 


• 

.. 

• 

.. 

.. 


Zone 1 
Dredging 
Moon pool 
Zone 2 
Dredging 
MoonjJool 
Zone 3 
Dredging 
Moon pool 
Zone 4 
Dredgin~ 
Moon pool 
Zone 5 
Dredging 
Moon pool 
Zone 6 
Dredging 
MoonjJool 
CDFC 
sheen emissions 
near sheen 
ponded 
CDFD 
sheen emissions 
near sheen 
ponded 

'~~!t:~ns~i ,);;%"l"eai;2A~nu.l<' 
;!YA~efaiedED1jssions 

:':'il"el!r~;Aa
'Averlii!edE ~;!~~~ 

9.2 Illg/min 
361 ng/m2-min 

2.50 Illg/min 5.84 Illg/min 
98 ngLm2-min 230 nglm2-min 

1.27 Illg/min 0.51 illg/min 
49.8 ng/m2-min 20 ng/m2-min 

0.61 Ilg/min 
24.1 ngLm2-min 

0.31 J.1g1min 
12.0 ng/m2-min 

0.149 Ilg/min 
5.84 nglm2-min 

2,280 ng/m2-min ong/m2-min o ng/m2-min ng/m2-min 
1,245 nglm2-min o nglm2-min o ng/m2-min nglm2-min 

238 ng/m2-min 238 ng/m2-min 238 ngi'm2-min 238 ng/m2-min 

6,421 ng/m2-min 6,474 nglm2-min 4,560 ng/m2-min nglm2-min 
3,506 nglm2-min 3,535 nglm2-min 2,490 nglm2-min nJVm2-min 

168 ng/m2-min 169 ng/m2-min 119 ng/m2-min 119 ng/m2-min 
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Table 4-19 
Total PCB Emission Inventory by Year in Grams 

Zone 1 
Dredging 

Moon pool 

Zone 2 
Dredging 

Moon pool 

Zone 3 
Dredging 

Moon pool 

Zone 4 
Dredging 

Moon pool 

ZoneS 
Dredging 

Moon pool 

Zone 6 
Dredging 

Moon pool 

CDFC 
sheen emissions 

near sheen 

ponded 

CDFD 
sheen emissions 

near sheen 

ponded 

Total PCBs, g 

Total PCBs dredged, g 
fraction volatilized, % 
Cumulative total dredged, g 

fraction volatilized, % 

Total volatilized/total dredged, ~o 

5 
32 

9 

223 

134 

6,185 

627 

377 

8,581 

16,174 

123,797,065 

0.0131% 

123,797,065 

0.0131% 

0.0260% 

3 
21 

o 
4 2 

o 
2 

o 

o 

6,185 6,185 

633 446 

380 268 

8,651 6,094 

15,878 12,998 

78,692,930 17,982,798 

0.0202% 0.0723% 

202,489,995 220,472,793 

0.0078% 0.0059% 

6,185 

6,094 

12,279 

o 

220,472,793 

0.0056% 

-

-

-
-
-
-
-

.. 


.. 
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-

-
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5.0 AIR DISPERSION MODELING 

5.1 Introduction 

This section presents the results of a dispersion modeling analysis of volatile PCBs with proposed 
remedial operations at New Bedford Harbor. The scope of work for this subtask involved estimating the 
anticipated dispersion of any released volatile PCBs in the area of the Harbor using computer modeling. 
The results of this modeling effort were used for two purposes: to predict ambient air concentrations of 
total PCBs to compare to risk-based exposure levels (please see Section 3.0) and to develop .dispersion 
factors that will be used in the exposure budgeting plan (please see Section 6.0). 

5.2 Description of Air Dispersion Modeling 

This section describes the dispersion modeling methodology that was used to predict ambient air 
concentrations of volatile PCBs at commercial and residential receptors around the NBH site. The 
following sections describe the dispersion model, meteorology, source characterization and other 
parameters used to estimate ambient air concentrations. 

5.2.1 Selection of Model 

Potential exposures to the public may occur at commercial, residential, or recreational facilities in 
proximity to the Harbor. Due to its capability to simulate a wide area that encompasses multiple source 
and receptor locations, the USEPA Industrial Source Complex Model, Version 3 (lSC3) is well suited to 
the modeling needs associated with this site. The JSC3 (Version 00101) can process dispersion 
calculations with varied simultaneous source locations and with site-specific meteorological input data. 
ISC3 allows the analysis of many types of sources, including area and volume sources, and can be used to 
estimate dispersion and attenuation of airborne releases over both short-term (i.e., 1- to 24-hour averages) 
and long-term (i.e., annual average) periods. This model typically provides more accurate predictions of 
ambient impacts as compared to screening models. 

The ISC3 model is a USEP A-recommended model that is based on an advanced steady-state Gaussian 
plume equation. The model calculates chemical concentrations at specific downwind locations as a 
function of windspeed, atmospheric stability, temperature gradient, mixing height, and downwind 
distance. The model also has the capability to account for plume rise, building downwash, dry deposition 
of particulate, receptor elevation, and simple terrain adjustment. At each receptor location, the computed 
concentrations are weighted and averaged according to the joint frequency of occurrence of windspeed 
and wind-direction categories, as classified by the Pasquill-Gifford atmospheric stability categories. 

The USEP A Guideline on Air Quality Models suggests using the ISC3 model for sources in simple 
terrain, i.e. multiple sources where terrain is less than stack or source height (Ref. 1). The Guideline 
recommends the use of the COMPLEX-I model for areas where terrain elevation is above stack or source 
height. The latest version of the ISC3 model contains the algorithms for the COMPLEX-J model. The 
ISC3 model will automatically choose the correct algorithm based on input terrain data and source 
characteristics. 

Two separate versions of the ISC3 model are available to estimate both long-term and short-term air 
dispersion. The short-term version is appropriate for calculating average concentrations using one or 
more individual, discrete years of pre-processed meteorological data. The long-term version is useful for 
simultaneously using several years of meteorological data for estimating average concentrations. For this 
assessment, the short-term version was chosen to estimate annual average downwind air concentrations. 
This was most appropriate for estimating annual average concentrations since one year meteorological 
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• 

• 	 data sets will be used. The parameters and inputs used to model ambient air impacts are presented in the 
sections below. 

5.2.2 Source Characterization -
Each emissions source must be represented as a point, line, volume or area source for the ISC3 model. - A description of the characterization of the emissions sources for the site for use in the modeling is 

presented in this section. 


.. 
 As presented in Section 4.0 of this document, there are two main sources of emissions from the remedial 

activities at the site: the dredge and the CDFs. Each of these sources can then be broken down into 
smaller sources as shown in Table 5-1 . .. Table 5-1 

Breakdown of Sources for Dispersion Modeling 

• 

• 

• 


Dredge Grizzly Ho~er 
Moon Pool 

Point 
Area 

CDF's Sheen Area 
Near Sheen Area 

Ponded Area Poly 

The source types were determined based upon the physical characteristics of the source. The moon pool 
at the dredge and the CDF areas are all considered to produce ground-level emissions with negligible 

• buoyancy effect dispersed over a large area. For this reason, they were represented as area or polygon 

.. 
area sources. The polygon area source option is useful for representing odd shaped area sources. The 
polygon area source may be used to specify an area source as an arbitrarily-shaped polygon of between 
3 and 20 sides. This source type option gives considerable flexibility for specifying the shape of an area 

• 
source. It is important to note that this type of source uses the same numerical integration algorithm for 
estimating impacts from area sources. The polygon area source is merely a different option for specifying 
the shape of the area source. Emissions from area sources are input as emissions fluxes (emissions rate 
per unit area) for use in the ISC3 model. 

The grizzly hopper is more of a concentrated source where emissions occur from a more confined space . .. For this reason, the grizzly hopper was represented as a point source for use in the ISC3 model. 
Emissions from point sources are input as an emission rate. .. 	 Table 4-18 in Section 4.0 presents the annualized emissions estimated that were used for each of these 
sources. 

• 	 5.2.3 Meteorological Data 

A meteorological monitoring program has been established at the New Bedford Superfund Site. The 
meteorological tower is located adjacent to the Harbor on Sawyer Street in New Bedford, MA. The 

• 
• system consists of a lO-meter tower instrumented with horizontal wind speed, horizontal wind direction 

and ambient temperature measured at the lO-meter level; an additional level of ambient temperature, 
relative humidity, barometric pressure and solar radiation measured at the 2-meter level; and a 
precipitation gage located near ground level. In addition, the standard deviation of wind direction (sigma 
theta) and the difference between the lO-meter and 2- meter temperature (DeltaT) are calculated and 

• 
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Based on a review of the available data, the meteorological data sets for 1996 and 1999 are the most 
complete and have undergone the most thorough quality control. These two years of meteorological data 
were therefore selected for use in the modeling analysis. Additional processing was needed to assure its 
reasonableness for this analysis and to transform the data into a form compatible with the ISC3 model. 
The 1996 and 1999 data was sent to T3 (Trinity Consultants) located in Research Triangle Park, NC for 
further processing into ISC3 format. As per Foster Wheeler Environmental Corporation's telephone 
conversation with T3, the meteorological data was processed (using PCRAMMET) and underwent 
QAlQC in accordance with EPA Guidelines by T3. 

In 1999, Foster Wheeler took over the responsibility of auditing the meteorological station. In the process 
of preparing the audit reports, it was determined that the wind direction indicator was calibrated to 
magnetic north rather than true north. This is unusual since modeling applications use the wind directions 
based on true north. For the NBH site, magnetic north differs from true north by 15.5 degrees, rotated 
counterclockwise. For example, if the measured wind direction was 0°, the direction based on true north 
is 344.5°. Windroses for the 1996 and 1999 on-site meteorological data are presented in Appendix D. 
Please note that, consistent with the on-site meteorological station, the windroses are oriented to magnetic 
north. 

5.2.4 Area Classification 

The ISC3 model has rural and urban area classification options, which affect the dispersion coefficients 
(i.e., wind speed profile exponent law, dispersion rates, and mixing-height formulations) used in 
calculating ground-level concentrations. The criteria used to determine the selection of rural or urban 
coefficients are based on land use near and surrounding the source to be modeled (Ref. 2). If the land use 
is classified as heavy industrial, light-moderate industrial, commercial, or compact residential for more 
than 50 percent of the area within a 3 km radius circle centered on the source, the urban option should be 
selected. Otherwise, the rural option is more appropriate. 

Based on the review of USGS topographic maps, the area surrounding the Harbor is a mixture of 
industrial, commercial and residential areas, thus it is concluded that the land use is consistent with the 
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recorded. A listing of the specific instrumentation utilized is presented in Table 5-2. The data are • 
collected, processed and stored using a Campbell Scientific, Inc. Model CRlO Data Acquisition System 
(DAS). The DAS queries each sensor a minimum of once per second and uses this information to 
calculate averages every five minutes as well as hourly. _ 

Table 5-2 
Meteorological System Components -

-

-

-

-

.. 

It 

.. 

• 

.. 

.. 

-

-

.. 

.. 




.. 

• use of the urban rather than rural options. However, much of the dredging and filling activities take place 

over the water, which is consistent with rural terrain characteristics. The width of the Harbor in the 
dredging zones and CDFs varies from roughly 500 feet near Zone 1 to about 3500 feet near CDF D and 
wider at the southern extent of the Harbor. The north-south distance from the external boundaries of- Zones 1-6 is about 6.5 km or 4 miles, which is almost entirely over water. This area is on the order of 
5.3 square kilometers (18.7%) of the total 28.3 square kilometers, which is based on the 3-km radius. 
In addition, due to the irregular nature of the Harbor, mud flats line parts of the Harbor and adds to the 
non-urban land categorization. -
As stated above, the choice of urban or rural affects the Gaussian dispersion coefficients used in the ISC3• 	 model. Urban dispersion coefficients result in greater dispersion than rural because urban terrain features 

• 
(i.e. buildings and structures) cause eddies, which in tum results in more mixing. Approximately 50% of 
the winds originate from the northerly and southerly directions (please see windroses in Appendix D). 
Since, this trajectory is mostly over water, plumes from dredging activities may be more concentrated 
when winds blow from these directions. A sensitivity analysis was performed to determine the magnitude 
of the difference in the predicted impacts between the rural and urban dispersion coefficients. Remedial

• activities during Year 1 (see Section 4.6.1) of operation were used in this sensitivity analysis. Maximum 
predicted annual concentrations (using both years of meteorological data) due to emissions from CDF C, 
CDF D and all sources combined are presented in Table 5-3. 

• 
• 

Table 5-3 
Comparison of Maximum Predicted Annual Average Concentrations Using 

Urban versus Rural Dispersion Coefficients 

til 

.. 
1996 1999 1996 1999 

CDFC 21.46 20.88 13.56 13.23 

CDFD 3.10 3.02 1.09 1.12 

All 21.91 21.25 13.71 13.36 

.. As shown in Table 5-3, the predicted annual impacts using urban dispersion are lower by 36%-65%. 
The model does not allow the setting of different terrain coefficients for different sources. Since there are 
meteorological conditions that are best represented by a rural dispersion coefficient, it was decided to 
model impacts using rural dispersion coefficients rather than urban. This selection also enhances the 
inherent conservatism of the modeling analysis . .. 
5.2.5 Receptor Locations 

One master receptor grid was placed at 100-meter intervals starting at the edge of the Harbor and 
continuing out 2 km on either side of the Harbor. This receptor spacing was used to demonstrate the 
spatial distribution of concentrations. 

• 	 As a subset to the master receptor gird, 46 discrete receptors were selected. These discrete receptor 
locations were identified based on a field reconnaissance representing the closest residential, commercial, 
and public exposed points at locations all around the Harbor. The choice of these discrete receptors is 
more fully described in Section 6.0. The 46 discrete receptors include 19 residences, 2 schools, and 
25 commercial locations. In addition, four ambient air-monitoring locations on each side and at midpoint .. 
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of the CDF were also selected for each of the CDFs. A graphical representation of the receptor grid and 
discrete receptor points are presented in Appendix E. The tabulated UTM Coordinates for the discrete 
receptors are also presented in Appendix E. 

-
-5.3 Application of Model 

This section presents the emission source configurations and modeling options used in the air dispersion 
modeling analysis. -
5.3.1 Modeling Scenarios -
There were four annual scenarios or "snapshots" that were evaluated in the air dispersion modeling 
analysis. Each one represented one year of dredge and fill activities. These scenarios were presented in 
Section 4.0 of this document and are presented again in Table 5-4. -

Table 5-4 
Assumed Schedule of Dredging Operations -

-
• 

• 
.. 

It was considered likely that there will be two dredges operating in the same Zone at the same time during 
the remediation. For purposes of modeling, it was also assumed that the two dredges would be located at 
the same coordinate points, creating one dredge source that emits at twice the base emission rate for 
dredges. This is a common modeling approach when average annual impacts are being evaluated because 
for this averaging time, dredge locations are not as significant. A summary of the source parameters used 
in the modeling runs are presented in Appendix F. A graphical representation of the source locations are 
also provided in Appendix F. 

.. 

.. 

5.3.2 Model Options 

In addition to emission rates and physical emission characteristics of the source, other input data are 
needed to estimate the air quality impact of the facility. Specifically, model options, a receptor grid 
network and meteorological data are required as input to the ISC3 model. The receptor grid and 
meteorological data have already been addressed in previous sections. This section presents the other 
modeling options that were used in this analysis. The ISC3 model has numerous options to simulate 
different dispersion conditions for source emissions. 

• 

-
.. 
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• The USEP A has recommended that certain options be used in dispersion modeling to ensure regulatory 
compliance. These recommended regulatory default options, shown below, were used in the refined 
modeling analysis: .. 

• 	 Buoyancy induced dispersion (BID)- The BID directs the program to use Pasquill Stability 
method to parameterize the growth the spreading out of the plume as a result of thermal 
properties.- • 	 Final Plume Rise- The model can include gradual plume rise (calculation of concentrations as 
the plume rises as a function of downwind distance) or final plume rise (the concentration at .. 	 the plume's final height) . 

.. • Vertical Potential Temperature Gradients of 0.0, 0.0,0.0,0.0,0.02,0.035, for stability classes 
A through F, respectively- Potential temperature is the temperature a parcel of dry air would 

.. 
have if brought adiabatically from its initial state to a standard sea-level pressure of 1000 
millibars. The change in potential temperature with height is used in modeling plume rise 
through a stable layer. Stability categories indicate the dispersive capacity . 

• 
• Wind Profile Exponents of 0.07, 0.07, 0.10, 0.15, 0.35, 0.55 for stability classes A through F, 

respectively- The wind profile exponent is the value of the exponent in a power law equation 
used to specify the profile of the wind with height. 

• 	 Automatic Treatment of Calms- The concentration in Gaussian plume model goes to infinity 
as wind speed approaches zero, therefore calm hours are excluded in ISCST3 calculations . .. • 	 Infinite Pollutant Half-Life- No degradation over time in the pollutant emitted. 

• Another non-regulatory option that was included is the wind rotation angle. As presented in Section 5.2.3, 
the on-site meteorological station is oriented toward magnetic north. ISC3 has an option that allows the 
user to correct the wind directions by a counterclockwise rotation angle. This option was used to adjust 
the meteorological data to true north. The wind rotation angle is 15.50 counterclockwise, which is entered

• as a positive number for a counterclockwise rotation. 

5.4 Predicted Ambient Air Concentrations

• ISC3 was used to predict annual average concentrations for points on the receptor grid and for discrete 
receptors for each year of dredging (Years 1 through 4) using both sets of meteorological data (1996 and 
1999). Table 5-5 presents maximum predicted impacts for several types of discrete receptor groups 
including: 

• 	 • Residential receptors 
• 	 Commercial receptors 
• 	 Sensitive receptors (e.g., school, hospitals, etc.) .. 	 • CDF monitoring stations 

.. As shown in Table 5.5, the highest impacts occur near the CDFs. The next highest results occur at a 
commercial receptor, which is located about 150 meters west of CDF C . 

• 

• 
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Table 5-5 
Maximum Predicted Annual Average Concentrations for Discrete Receptor Groups 

1.95 1.87 2 4,613,123 339,922 751 meters North of CDF C 

0.63 0.65 1 4,613,123 340,944 795 meters south of CDF C 

0.47 0.49 4 4 4,613,123 340,944 795 meters south of CDF C 

4.27 4.19 1 4,613,302 340,040 150 meters west of CDF C 

3.77 3.68 4 4 4,613,302 340,040 150 meters west of CDF C 

21.91 21.21 1 1 4,613,470 340,225 East monitoring point 

D Monitoring Station 21.14 20.58 2 2 4,612,163 340,045 East monitoring point 
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• 

.. 	 Tables 5-6 and 5-7 present the maximum predicted annual average concentrations for receptors on the 
master receptor grid using 1996 and 1999 meteorological data, respectively. Similar to the discrete 
receptors, the highest impacts occur near a CDP, at the Northeast (NE) comer of CDP C . .. 
The modeling runs were set up to provide an estimate of maximum annual average concentrations from 
individual source contributions, from the contribution of source groups, and from the contribution of all 
sources. Below is a list of the individual Sources and source groups for which concentrations were 
predicted. -

-	 • CDP C Near Sheen (area source alone) 
• CDP C Sheen (area source alone) 
• CDP C Ponded (polygon area source alone) .. 	 • CDP D Near Sheen (polygon area source alone) 
• CDP D Sheen (area source alone) 
• CDP D Ponded (areapoly source alone) 
• Dredging Zone 1 (point source alone) 
• Dredging Zone 2 (point source alone) 
• Moon Pool Zone 1 (area source alone) .. 	 • Moon Pool Zone 2 (area source alone) 
• CDP C - total contribution from Near Sheen, Sheen, and Ponded 
• CDP D - total contribution from Near Sheen, Sheen, and Ponded 
• Dredge Zone 1 - total contribution from Grizzly Hopper and Moon Pool 
• Dredge Zone 2 - total contribution from Grizzly Hopper and Moon Pool 
• All - total source contribution from CDP C, CDP D, Grizzly Hopper and Moon Pool 

• 	 Tables 5-8 and 5-9 present the maximum predicted annual average concentrations due to emissions from 
CDP C and CDP D individually using 1996 and 1999 meteorological data respectively. The highest 
predicted concentration due to emissions from CDP C occurs at the CDP C East Monitoring Station while 
the highest concentration due to emissions from CDF D occurs at a receptor on the master grid at a point 
close to the CDP D West Monitoring Station. 

• Tables 5-10 and 5-11 present the maximum predicted annual average concentrations with all sources 
contributing (CDP C, CDP D, Grizzly Hopper and the Moon Pool) using both years of meteorological 
data. .. 

• 
Maximum predicted impacts for all sources are tabulated in Appendix G. Please note that the sum of the 
individual impacts does not necessarily equal the maximum predicted concentrations for all of the 
sources combined because the maximum impact from individual sources may occur at different locations. 

.. As shown above, this air dispersion modeling study predicts maximum annual average concentrations 
from a variety of sources at a variety of locations. In all cases, the maximum impacts do not exceed the 
risk-based ambient air concentrations developed in Section 3.0 of this document. 

These modeling results will also be used to derive dispersion factors for use in the budgeting exposure .. 	 plan. The derivation of these factors and a complete description of the exposure plan are presented in 
Section 6.0 of this document. 

• 
.. 
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Table 5-6 
Maximum Predicted Annual Average Concentrations at Receptors on Master Receptor Grid using 

1996 On-Site Meteorological Data 

-
-
-
-
-

Table 5-7 
Maximum Predicted Annual Average Concentrations at Receptors on Master Receptor Grid using 

1999 On-Site Meteorological Data 

Y2 NE Comer of CDF C 

Y3 17.16 NE Comer of CDF C 

Y4 17.12 NE Comer of CDF C 

Y2 

Y3 

Y4 

17.04 SW Comer of CDF D 

15.90 NE Comer of CDF C 

15.88 NE Comer of CDF C 

-
• 

• 

.. 
Table 5-8 

Maximum Predicted Annual Average Concentrations 
Due to Contributions from the CDFs using 1996 On-Site Meteorological Data 

CDFD 20.67 

Y2 CDFC 18.30 

CDFD 20.84 

Y3 CDFC 18.30 

CDFD 13.85 

Y4 CDFC 18.30 

CDFD 12.36 

III 

• 

• 

.. 

.. 

III 

2001-017-0427 5-9 
12/12/01 



• • 

• Table 5-9 
Maximum Predicted Annual Average Concentrations 

Due to Contributions from the CDFs using 1999 On-Site Meteorological Data-
-

• 
• 

• 


CDFD 20.10 

Y2 CDFC 17.61 

CDFD 20.32 

Y3 CDFC 17.61 

CDFD 13.47 

Y4 CDFC 17.61 

CDFD 12.02 

Table 5-10 
Maximum Predicted Annual Average Concentrations 

Due to Contributions from all Sources using 1996 On-Site Meteorological Data 

• 
• 
• 

, . Source 

CDF C, CDF D and Dred in 
21.15 4,612,163 340,045 

Y3 CDF C, CDF D and Dred in 18.60 4,613,470 340,225 

Y4 CDF C and CDF D 18.57 4,613,470 340,225 

• Table 5-11 
Maximum Predicted Annual Average Concentrations 

Due to Contribntions from all Sources using 1999 On-Site Meteorological Data 

• 

• 


• 
• 
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5.5 Dewatered Sediment Screening Analysis 

As previously noted, several remedial alternative variations are being considered for the New Bedford 
Harbor Superfund site. Dewatering the sediment prior to disposal is one option currently receiving 
further consideration. After dewatering and associated processing, the sediment would either be sent off
site for disposal, or stored on-site in a CDF. 



There are several reasons that a sediment dewatering option is being considered. Under the baseline wet 
sediment remediation scenario, as discussed in Section 4.0, the wet slurry would be pumped from the 
dredge into the CDFs where it would be treated over a period of time. Because of the consistency of the 
slurry, the wet sediment would spread out and cover the entire bottom of the CDFs so that volatile PCBs 
would generally be emitted from the entire footprint area. Preliminary searches have identified few 
practical engineering or processing options for controlling the volatile emissions from wet sediment in 
this configuration. In addition, the storage capacity required for dewatered sediment would be less than 
for the wet sediment handling alternative because the wet slurry occupies a much larger volume per mass 
of dry sediment stored than a dewatered sediment would occupy. Vendors have estimated that dewatering 
will reduce the in situ sediment volume by 50%, allowing for reduced storage capacity requirements. 

However, testing has indicated that dewatered sediment may produce a higher PCB emission flux per unit 
area than wet sediment. As presented in Section 4.3.2, testing performed by WES have shown a 
maximum total PCB flux of 43,000 ng/m2/min for sediment at room temperature dewatered using the 
Koester method. This rate is ten times higher than the flux of total PCBs emitted from exposed wet 
sediment under similar conditions. However, there is more ability to define and limit the area of exposed 
sediment (and hence the size of the potential emission source) with dewatered sediments than with the 
wet sediment alternative. As mentioned above, the wet slurry would cover the entire footprint area of the 
CDF. The dewatered sediment, having a firmer consistency, and can be placed in the CDF in discrete 
vertical lifts and in particular locations within the CDF. As such, the entire area of the CDF would not 
necessarily be a working face with exposed fresh sediment that would be an active PCB emission source. 
Under this scenario, there are more practical options for controlling emissions from the dewatered 
sediment that has already been placed in the CDF. 

The cumulative exposure budgets presented in this report were developed using detailed air dispersion 
modeling results from an assessment of the wet sediment scenario. However, a preliminary air dispersion 
screening assessment also was performed to evaluate the impact of various dewatered sediment source 
area sizes and orientations on potential ambient air concentrations in the areas near the CDF. Several 
factors can influence the ambient air concentrations that result from the storage of dewatered sediment in 
a CDF, including: 

• 	 The size of exposed areas (i.e., the footprint of the fresh, exposed dewatered sediment); 

• 	 The location of exposed areas within a CDF (i.e., where in the CDF the dewatered sediment is 
placed relative to the prevailing wind direction and the orientation of the CDF); and 

• 	 Suppression or reduction ofemissions from the exposed areas using engineering controls. 

The effect of each of these factors was quantitatively evaluated using the SCREEN3 model. SCREEN3 is 
an EPA-recommended model for estimating short-term ground-level concentrations resulting from point, 
area and volume emission sources. The details of this preliminary modeling study were presented in a 
draft memorandum to the USACE dated March 30, 2001. This memorandum, without the voluminous 
SCREEN3 computer outputs (that were included in the original submission to the USACE), is included as 
Appendix L to this document. The main conclusions from this preliminary air dispersion screening 
analysis ofthe dewatered sediment scenario were: 

• 	 Decreasing the size of the emitting area (i.e., the extent of the fresh, exposed dewatered sediment) 
will decrease nearby ground-level concentrations of PCBs. 

• 	 The location of the emitting area within the CDF has a significant impact on the location and 
magnitude of the predicted ground-level concentrations adjacent to the CDF. 
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• • Use of an engineered emission control (like a vapor suppressing cover) would be likely to effectively 
reduce the magnitude of ground-level concentrations near the CDF. .. • There are certain emission source area configurations (i.e., smaller emitting areas located on far (up
wind) side of CDF) for which the ground-level concentrations at receptor locations away from the 
CDF change relatively little with distance. 

The maximum ground-level concentration predicted by this air dispersion modeling screening study is -

• 

1,140 nglm3 at the northern edge of the CDF. This maximum concentration was predicted assuming the 
entire area of a CDF (with dimensions 1,200 feet by 450 feet) would have exposed dewatered sediment 
that produced an emissions flux of 43,000 ng/m2/min or 258 ng/cm2/hr. This is the maximum measured - flux from the Koester process sample at room temperature. It is important to note that SCREEN3 is a 
very conservative screening level dispersion model that is typically used to measure short-term 
concentrations (e.g., one-hour averages). Screening level applications are most appropriate for SCREEN3 

• 
because the model assumes that the wind blows in only one direction, directly at the receptor. In addition, 
the model chooses the wind speed and atmospheric stability class combination from a set of standard 
conditions that results in the highest ground-level concentration. However, despite these characteristics, 

.. 
• 

the SCREEN3 model is appropriate and suitable for evaluating the relative impact of area source 
configurations on ambient air concentrations, which was the primary purpose of this preliminary, 
screening study. Should the dewatered sediment alternative be selected for application for all or part of 
the New Bedford Harbor cleanup effort, the atmospheric dispersion of the volatile PCB emissions from 
the dewatering process and dry sediment handling and disposal operations could be modeled using the 
ISCST3 model and assessment approach that was applied to the wet sediments as described in this report . 

5.6 References .. "Guideline on Air Quality Models", 40CFR51, Appendix W, 7-1-99 edition . 

"Correlation of Land Use Cover with Meteorological Anomalies", A.H. Auer, Journal of Applied 
Meteorology 17:636-643, 1978 . 

.. 

.. 
• 
.. 

.. 

• 

• 
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6.0 	 CUMULATIVE EXPOSURE BUDGETS FOR PROTECTING THE PUBLIC FROM 
AIRBORNE PCB EMISSIONS DURING SEDIMENT REMEDIATION ACTIVITIES AT 
NEW BEDFORD HARBOR 

6.1 	 Introduction 

The first part of the work described in this section involved using the allowable ambient limits (Section 
3.0) and the air dispersion modeling results (Section 5.0) to develop an overall ambient air management 
program that will protect the public from volatile PCB emissions released during Harbor remediation 
operations. This program involved using health-based ambient air target concentrations to develop 
long-term, cumulative exposure budgets. The remaining portion of this effort involved developing an 
Implementation Plan to' guide the tracking of real-time conditions near the principal emission sources 
during the remediation operations. This tracking is designed to ensure that the health-based, cumulative 
exposure budgets continue to be met, or that emission reduction steps are taken to reduce ambient 
airborne PCB concentrations to levels that are protective. The description and development of the 
Implementation Plan is described in a separate report. 

6.2 	 Objectives of the PCB Ambient Air Management Program 

The objective of the overall PCB ambient air management program is to ensure and verify the protection 
of the public from volatile PCB emissions during contaminated sediment remediation operations at the 
Harbor. In order to meet these objectives, the ambient air management program and the cumulative 
exposure budgets on which it is based must be: 

• protective; 
• verifiable; 
• technically defensible; 
• logical and comprehensible; and 
• implementable. 

Section 6.3 through 6.9 are aimed at demonstrating that the program meets all of these objectives. The 
Implementation Plan discussed in Section 6.10focuses on the verifiability and implementation of the 
public protection program. 

6.3 	 Overview 

The relationship between the PCB emissions from the remediation operations and the projected ambient 
airborne concentrations at the targeted receptor locations must be understood to develop an effective 
ambient air management program. Remediation activities that disturb or involve the movement of 
contaminated sediments can liberate PCBs that are trapped within, or adhere to, the sediment. Directly or 
indirectly, these PCBs may ultimately become airborne. As was discussed in Section 2.0, the releases 
from these remedial activities (e.g., sediment dredging, transport, treatment, or disposal) are of relatively 
short duration, and these activities will lead to a reduction or elimination of more significant long-term 
releases of PCBs into the air and the exposures to the public that may result from them. Currently, the 
release of PCBs into the air at the site are uncontrolled and are increased at times by natural forces (e.g., 
wind and water effects from storms) and man's activities (e.g., boating and other Harbor commerce and 
recreation). Until the Harbor is cleaned-up, PCB emissions from the contaminated sediments (including 
exposed mudflats, beach areas, and the surface water) will lead to some level of continued public 
exposure. The short-term increase in airborne PCB concentrations above the currently elevated levels, if 
properly managed during the clean-up activities, will lead to a far greater benefit in terms of reduced, 
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• long-term releases and public exposure during natural weather events and routine Harbor activities. 
While not generally considered "volatile", highly contaminated sediments that exist at certain locations 
within the Harbor may contain enough of the lighter components of the PCBs to create airborne 
concentrations of possible human health concern near remediation operations. This ambient air • management program, along with the parallel but independent remediation worker health and safety 
program, are designed to ensure that exposures to airborne PCBs are maintained below appropriate 
health-based levels for these two different groups of people.-

- The PCBs that have been found in the contaminated sediments in the Harbor occur in a range of different 
mixtures, containing varying amounts of the specific homologue groups (reflecting different amounts of 
chlorination) and individual congener compounds (reflecting how the chlorines that are present are 

• 
arranged on the molecules). These various homologue groups and congeners vary significantly in their 
indicated toxicity to people. The effort to develop health-based Allowable Ambient Limits (see Section 
3.0) addressed this reality by selecting the most appropriate toxicological factors and occupational 
concentration standards based on an evaluation of the distribution of the homologue groups and specific 
congeners measured in air samples collected during the Baseline Ambient Air Sampling and Analysis 

• program (Final Annual Report - Baseline Ambient Air Sampling & Analysis, 1 June 1999 - 30 May 2000, 
New Bedford Harbor Superfund Site, March 2001). This evaluation is described in Section 3.0 of this 
report. A subsequent analysis of the distribution of the homologue groups in the ambient air samples 

• collected during the Early Action sediment removal activities in the far upper Harbor indicated very 

• 
similar homologue distributions, with a slight shift to somewhat lighter homologue groups (i.e., a shift in 
mass from the total tetra-chlorinated biphenyls to the total tri-chlorinated biphenyls homologue group). 
This shift would not change the selection of the toxicological factors used to calculate the Allowable 
Ambient Limits. 

• 
• Volatile airborne PCBs have been shown to be a potential health concern following long-term inhalation 

exposure over many years (in contrast to short-term or acute exposure over hours or days). As such, 
ensuring protection of the public requires a focus on maintaining long-term, average exposures (as 
determined by long-term average ambient airborne concentrations) below levels that are established to 
prevent adverse health effects. Given what is known about the nature of the adverse health effects 
associated with inhaled PCBs, occasional short-term exposure to ambient concentrations above target 
levels would not be a health concern provided the long-term average exposure is maintained below the 

• health-based target level. 

6.4 Health Effects Associated with PCB Inhalation 

• Compiled published data on the health effects of inhaling PCBs was reviewed (ATSDR Toxicological 
Profile for Polychlorinated Biphenyls Update, National Technical Information Service, September 1997). 

• Seven principal studies of human exposure to PCBs via inhalation define the range of health effects that 
have been linked to this potential exposure route. These studies are summarized in Table 6-1. Figure H-l 
in Appendix H shows a plot of the findings of these studies in terms of the airborne concentrations of 

• PCBs that were associated with adverse health effects on people and what is known about the duration of 
exposures of each study popUlation. The reported studies range over orders of magnitude in airborne 
PCB concentrations (note the logarithmic scale of the y-axis) and a factor of 50 in exposure duration. It 
must be noted that the airborne PCB concentrations and/or the durations of exposure associated with these 
studies are generally imprecise. The imprecision and resulting ranges of values are due to the fact that the 
studies all evaluate past occupational exposures where the exposures were highly variable, uncontrolled, 
associated with changing Aroc1ors or mixtures of Aroc1ors over time, and largely undocumented. The.. exposure concentrations and durations had to be estimated using 1imited quantitative information. This 

• 
• 
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Table 6-1 
Summary of Studies of Human Exposure to Inhaled PCBs 

and the Types of Non-Cancer Adverse Health Effects Reported 

,," ',",', 

Study' 

:%4:" Uuratiolriof>' 
.. Exposure 

(years) '. 

. i~1~~''!,::L' ,if:;., 

Reference I 

:.' , i.,c.;"'" 

.' i 
Exposed Population 

A verligeEXpoS.iire Point 
Concentradon 

(ng/mi 

Ci;;:,.; ;, "C:fb ,'. ";i'" "'0\", >~ ./

'fypesofEffects Reported .. 
A 3.75 (ave) Emmett et al. 1988a Transformer Workers 10-12,000 Chest pain, loss of appetite, headaches, sleeplessness, 

memory loss 
B >5 Fischbein et al. 1979; 

Warshaw et al. 1979 
Capacitor Workers 7,000-11,000,000 Upper respiratory tract irritation, eye irritation, anorexia, 

weight loss, nausea, vomiting, abdominal pain, joint pain, 
headache, dizziness, depression, fatigue, nervousness 

C 12 (ave) Maroni et al. 1981a Transformer Workers 48,000-275,000 Epigastric distress, epigastric pain, headache, intolerance to 
fatty foods 

D 17 (ave) Lawton et al. 1985a Capacitor Workers 200,000-2,000,000 Decreased white blood cell counts, slightly increased 
lymphocyte monocyte and eosinophil counts 

E 1.2 (ave) Meigs et al. 1954 Transformer Workers 100,000 Mild to moderate chloracne 
F >3 Emmett et aI. 1988a; 

Ouw et al. 1976; 
Smith et al. 1982 

Transformer Workers <2,200,000 Eye irritation, tearing and burning 

G 0.33-0.58 Bertazzi et al. 1987 Autoclave Operators 5,200,000-6,800,000 Chloracne 
REFERENCES: 

Study letters correspond to plotted areas on Figure H-I in Appendix 

National Technical Information Service. Toxicological Profile for Polychlorinated Biphenyls (Update). September, 1997. 

• 	 Bertazzi PA, Riboldi L, Pesatori A, et a1. 1987. Cancer mortality of capacitor manufacturing workers. Am J Ind Med 11: 165-176. 

• 	 Emmett EA, Maroni M, Schmith JM, et a1. 1988a. Studies of transformer repair workers exposed to PCBs: I. Study design, PCB concentrations, 
questionnaire, and clinical examination results. Am J Ind Med 13:415-427. 

• 	 Fischbein A, WolffMS, Lilis R, et a1. 1979. Clinical findings among PCB-exposed capacitor manufacturing workers. Ann NY Acad Sci 320:703-715. 

• 	 Lawton RW, Ross MR, Feingold J, et al. 1985a. Effects of PCB exposure on biochemical and hematological findings in capacitor workers. Environ Health 
Perspect 60: 165-184. 

• 	 Maroni M, Columbi A, Arbosti G, et a1. 1981a. Occupational exposure to polychlorinated biphenyls in electrical workers. 1. Environmental and blood 
polychlorinated biphenyls concentrations. Br J Ind Med 38:49-54. 

• 	 Meigs JW, Alborn JJ, Kartin BL. 1954. Chloracne from an unusual exposure to Aroclor. JAm Med Assoc 154:1417-1418. 

• 	 Ouw HK, Simpson GR, Silyali DS. 1976. Use and health effects of Aroclor 1242, a polychlorinated biphenyl in an electrical industry. Arch Environ Health 
31:189-194. 

Smith AB, Schloemer J, Lowry LK, et al. 1982. Metabolic and health consequences of occupational exposure to polychlorinated biphenyls. Br J Ind Med 
39:361-369. 
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.. 
• imprecision is depicted in Figure H-I using shaded ranges for the information associated with Studies A 

through G. Table 6-1 indicates a range of non-cancer health effects associated with chronic inhalation 
exposure to PCBs, including chloracne, upper respiratory tract irritation, eye irritation, headaches and 
nausea. -
PCBs are also classified by USEPA as a Probable Human Carcinogen (Classification B2) based on 
evidence of carcinogenicity in rats following extended exposures. Studies of capacitor manufacturing, 
transformer repair, and petrochemical workers exposed to PCBs through inhalation have not provided -

.. consistent information regarding an increase in overall mortality or in specific cancer mortality 
attributable to PCBs. The most often cited target organs for cancers potentially related to PCB exposures 

• 

are the kidneys, liver, biliary tract, gall bladder, pancreas and rectum. 
In addition to presenting the characteristic exposure concentrations and durations for the seven reported 
studies, a number of additional benchmark concentrations are identified to allow these values to be placed 
in perspective. Figure H-l shows the set of occupational safety criteria published for PCBs using the 
horizontal dotted lines. The two Permissible Exposure Limits (PELs) published by the Occupational 
Safety and Health Administration (OSHA) for PCBs with different levels of chlorination (42% and 54%, 

• respectively) and the single Recommended Value published by the National Institute for Occupational 

• 

Safety and Health (NIOSH) are shown on Figure H-I. The OSHA PEL values are representative of time
weighted average (TWA) concentrations that must not be exceeded during an 8-hour workshift during a .. 40-hour workweek. The OSHA PEL for 42% chlorinated PCBs was used in part of the analysis presented 
in Section 3.0. The NIOSH Recommended Value is representative of TWA concentrations for up to a 
10-hour workday during a 40-hour workweek. Some background ambient air PCB concentrations are 
also are shown on Figure H-l. The published U.S. background concentration of 5 ng/m3 is indicated, as 

• 
well as the range of annual average PCB concentrations measured at various locations around the Harbor 
(2 to 80 ng/m\ The last set of benchmark concentrations shown on Figure H-I is four of the Allowable 
Ambient Limits calculated in Section 3.0. The Allowable Ambient Limits calculated for a child resident 
and an adult commercial worker assuming either a 5-year or a 10-year project duration (exposure period) 

• 

are shown. These allowable ambient limits can be seen as considerably higher than the observed 
background levels and lower than the concentration ranges associated with adverse health effects in all 
the studies compiled by the Agency for Toxic Substances and Disease Registry (ATSDR) with the 
exception of the lower end of the imprecise concentration estimated for Study A. As such, these 
allowable ambient limits would appear to be protective even in light of the considerable uncertainties and 
imprecision involved. These allowable ambient limits are used in the development of the cumulative 
exposure budgets later in this Section. .. 6.5 Conceptual Model of Airborne PCB Impacts to the Public 

• 
Remediation activities to be performed in and around the Harbor will disturb sediments that are 
contaminated with PCBs. The lighter fractions of these PCBs are more prone to be released into the 

• 
surrounding surface water and air. Eventually, some of these volatile PCBs can become airborne. In 
order to better understand how these airborne PCBs could impact the public, a conceptual model was 
developed which identifies possible exposure pathways that link the sources of PCB emissions with the 
potentially exposed members of the public. This conceptual model is graphically depicted in 
Appendix H, Figure H-2. 

• 6.5.1 Emission Sources 

Potential sources of volatile PCB emissions during the remediation operations include the: .. 
• excavation and removal ofthe sediment from the Harbor; 

• transfer of the sediment from the dredges to the onshore facilities; 

• 
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- processing or pre-treatment of the sediment in the onshore facilities; and 
- storage and disposal of the wet sediment in confined disposal facilities (CDFs). 

6.5.2 Atmospheric Transport and Dispersion 

As presented earlier in Sections 4.0 and 5.0, volatile PCBs released from these operations into the open 
air may be transported and dispersed by the wind to locations within the community where members of 
the public may be exposed to them via inhalation. The transport and dispersion were modeled as 
described previously using on-site meteorological data for 1996 and 1999. Both data sets were used in 
developing the exposure budget, with the greater air impact levels projected using either meteorological 
data set adopted as the basis for the exposure budgets. 
6.5.3 Potential Public Receptors 

The public receptors that may be exposed via this pathway include child and adult residents, and adult 
workers at commercial facilities located along the Harbor. Individual members of the public differ with 
respect to their sensitivity and susceptibility to inhaled PCBs. Individuals differ with respect to the rate at 
which they breathe and the amount they breathe with each breath, resulting in different intake rates due to 
inhalation. In general, children are somewhat more sensitive to inhaled volatile PCBs than adults due to 
their smaller size, differences in metabolic processes, and the extent of their bodily growth and 
development. Unborn fetuses and breast-fed newborns may also be somewhat more susceptible to 
volatile PCBs inhaled by the mother. 

By explicitly recognizing and accounting for the differences among individuals in the general public, 
health-based target ambient air concentrations at possible exposure points in the community (away from 
the direct remediation area) can be calculated for any given exposure scenario and any specified target 
risk goal. These differences were explicitly considered in the calculation of the allowable ambient limits, 
the long-term average health-based target ambient PCB concentrations, that were developed and 
presented in Section 3.0. Allowable Ambient Limits were calculated specifically for both child and adult 
receptors, accounting for their respective body weights, breathing rates, and lung capacities. 

A windshield survey was performed to identify or confirm the locations of residential and 
commercial/industrial land use in the areas bordering the Harbor. In addition, locations of potentially 
higher sensitivity to exposure (such as schools, hospitals, or day care facilities) were identified. The 
current land use all along both the western and eastern shores of the Harbor was evaluated and 
representative receptor locations representing potential points of exposure by individuals performing 
residential or commercial activities were identified. A total of 46 target receptor locations were identified 
in the surveyed band of land around the Harbor: 19 representative residential locations; 25 representative 
commercial land use locations; and 2 schools. These representative locations are shown in Appendix H, 
Figure H-3 with the: 

- residential locations labeled as "R##"; 

- commercial locations labeled as "C##"; and 

-locations of schools labeled as "S#". 


These target receptor locations were used as discrete receptors in the air dispersion modeling (see Section 
5.0) and as reference points throughout the remainder of the exposure budget development effort. 
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• 

• 6.6 Background PCB Ambient Air Concentrations 

Emissions of volatile PCBs from sediment remediation activities add to current (pre-remediation) 
background ambient air levels. These background levels are attributable to current conditions in the- Harbor and other possible sources of PCB emissions in the vicinity. Using the results obtained during the 
Baseline Ambient Air Sampling and Analysis Program, annual average ambient air PCB concentrations 
were calculated for the period of June 1999 through May 2000 for each of the six baseline monitoring 
stations. The results are shown in Table 6-2. -
PCB background ambient air concentrations near the Harbor vary with the seasons (due to differences in 
temperature and the prevailing wind direction) and with the tides (with low tides exposing more -

• 
contaminated sediment). The background concentrations presented in Table 6-2 reflect the characteristic 
level throughout the year, averaged over these shorter run variations and cyclic oscillations. These annual 
average PCB concentrations were plotted on a map of the Harbor and rough contours were drawn 
(see Figure H-4). .. 


• 

.. 

.. 

" 


Notes: 

Table 6-2 
Annual Average PCB Background Concentrations 

at the Baseline Monitoring Locations at New Bedford Harbor 

','C;.

l;,;± ' 

Air Quality Site 

Number l 


21 

22 

23 


24 and 24D 

25 

26 


28 2 

• I See Figure 3-2, Appendix M 

"t,;~' K'> . IN' ·.k'n.;Ul~ '. ,.~~~ge ..' 
:1 I PQJJ B3c~roun"/" 

Air QmUity Site 
Location' 

CDF D Area 
Brooklawn Park 
Acushnet Substation 
Aerovox 
Cliftex 
Sawyer Street 
EarlLAction Area 

,~< l0 .",;; ".' ., .
\ CODcen.tration . 
1 (ngrJri~' 

16.7 
2.3 
23.0 
75.0 
26.1 
56.0 
2J.4~ 

.. 
2 The concentration shown for Air Quality Site 28 reflects the results ofambient air sampling 

in September 2000 prior to the performance of the Early Action sediment removal activity 
in the upper Harbor. As such, this average value is not a full year average concentration . 

The allowable ambient limits (calculated in Section 3.0) for each representative target receptor reflect the .. total concentration to which that receptor could be exposed, regardless of the source of PCB emissions 
contributing to that concentration (i.e., from background or as the result of remediation activities). As 
such, a public protection program for the New Bedford Harbor sediment remediation effort must maintain 
total PCB exposure below this health-based target at a location, not just the amount projected to be 
present at that location as the result of the remediation operations. The map of the extrapolated and 
interpolated annual average background PCB concentrations presented in Figure H-4 was used to estimate 

• the pre-remediation background concentration contributing to the PCB exposures at each target receptor 
location . 

.. 
• 
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..6.7 Cumulative Exposure Budgets 
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6.7.1 Description of an Exposure Budget 

An exposure budget is a target ambient air concentration trend over time at a monitoring station near a 
major emission source that is designed to keep total public exposures to airborne PCBs below acceptable 
health-based target levels. Because the documented adverse health effects associated with PCB inhalation 
are associated with long-term or chronic exposure, the most appropriate exposure budgets for public 
protection from volatilized PCBs at the Harbor also relate to chronic exposure. As such, the exposure 
budget is referred to as a "cumulative" exposure budget because the projected exposures are tracked, 
summed, and managed over time as the remediation operations are performed. It must be noted, however, 
that the exposure budget approach will include checks and monitoring points to also ensure that elevated 
ambient concentrations over the short-term are limited in duration and magnitude. 

Remediation operations will be limited to a specified maximum level of ambient air impact so that 
adverse health effects will not result. This exposure budget is based on the Allowable Ambient Limits 
calculated in Section 3.0 for the most sensitive or susceptible target receptor, and explicitly considers the 
background contribution of other sources of PCBs to the ambient airborne concentration at the point 
where that target receptor is located. The linkage between the airborne concentration of volatile PCBs 
near the major emission source and at the location of the most sensitive or susceptible public receptor was 
established using air dispersion modeling with site-specific meteorology as described in Section 5.0 (and 
confirmed through direct confirmatory monitoring). 

6.7.2 Developing an Exposure Budget 

Developing a cumulative exposure budget involves five sequential steps: 

Step 1. 	 Identify and locate the most potentially exposed and most sensitive subgroups of the general 
public. 

Step 2. 	 Determine the maximum allowable ambient air PCB concentration at potential points of public 
exposure that achieve health-based limits for these "target" receptors. 

Step 3. 	 Relate the ambient air concentrations at potential public exposure points to the concentrations 
that would be measured near the monitoring stations that would be placed near the major PCB 
emission sources. 

Step 4. 	 Calculate the maximum allowable concentration at the monitoring stations that protects the 
most sensitive target receptors (given site-specific meteorology, operational plans, and the 
proposed spatial configuration of the PCB emission sources). 

Step 5. 	 Use this concentration as the slope of the cumulative exposure budget line for that monitoring 
station. 

A simple illustrative cumulative exposure budget is a straight, upward sloping line on a graph where the 
x-axis marks time (e.g., time of exposure or time since the beginning of dredging) and the y-axis marks 
cumulative exposure (measured in "concentration-days" or the multiplicative product of a health-based 
target PCB concentration and the period of time over which public exposure may occur). Figure 1-1 in 
Appendix I shows an example of a cumulative exposure budget line for a hypothetical monitoring station 
near a major PCB emission source. The slope of the budget line is the allowable ambient PCB 
concentration at the monitoring station that is protective of the most sensitive target receptors. 

Relative to the 5 step cumulative exposure budget development process: 
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• 

• 
• 	 Step 1 of this process was accomplished through the performance of the windshield survey 

that was described above in Section 6.5.3 . .. • 	 Step 2 involved the calculation of the allowable ambient limits for the target receptors. These 
calculations are documented in Section 3.0. Maximum allowable ambient air PCB 
concentrations at potential points of public exposure were calculated assuming target risk 
limits and the exposure patterns typical of adult and child residents and adult commercial -	 workers. 

• 	 Step 3 was accomplished through the air dispersion modeling and the supporting source 
emission estimation work. These efforts are described in Sections 5.0 and 4.0, respectively. -

The subsections that follow present the results of the remaining steps of this process, Steps 4 and 5, which 
relate to calculating the appropriate slope for the exposure budget line. 

6.7.3 Establishing the Slope of the Exposure Budget Line 

• 
As was noted, the slope of the cumulative exposure budget line is the allowable ambient PCB 
concentration at the monitoring station that is protective of the most sensitive target receptor. The slope is .. 	 quantitatively dependent on three primary factors (Allowable Ambient Limit, Annual Average 
Background Concentration, and Air Dispersion Factor) and a number of subfactors, as defined in the 
relationship below: 

• Slope =((Allowable Ambient Limit)- (Background Concentration)) x [Air Dispersion Factor] 

ill This relationship for the slope highlights that the Allowable Ambient Limit is first reduced by the 
currently estimated Annual Average Background Concentration before the Air Dispersion Factor is 
applied. This is done because the health-based Allowable Ambient Limit represents the PCB

• concentration in the air that may be inhaled given the assumed exposure scenario, regardless of the source 
of the PCBs. Reducing the target concentration before applying the Air Dispersion Factor focuses the 
slope factor and the public protection program on the necessary constraints for the clean-up operations. 

.. 

.. It is understood that a significant contributor to the current background levels may be the contaminated 
mudflats that will eventually be remediated. As such, this minor adjustment is viewed as a conservative 
measure. This basic relationship can be expressed in terms of the individual subfactors that determine the 
magnitude ofthe primary factors: 

Slope =I( [TRG ]x [ AT Jx[ BW ]x[_lJx [CF ]1- (C BKG») x [SSDF ].. 	 \ DRTF BV xBR xEF ED ~-

.. The subfactors in this relationship are defined in Table 6-3 . 

• 
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Table 6-3 
Primary Factors and Subfactors Affecting the 

Slope of the Exposure Budget Line 

Allowable Ambient Limit 
TRG 
AT 
DRTF 
BW 
BY 
BR 
EF 
ED 
CF Conversion Factor 
Back round Concentration 
C _ BKG Background Ambient Airborne 

PCB Concentration at the Target 
Rece tor's Point ofEx osure 

Air Dis ersion Factor 
SSDF Site-Specific Dispersion Factor 

(Ratio of the PCB concentration at 
the monitoring station to the PCB 
concentration at the target receptor 
location) 

Pro· ect 0 erations 
Constant 
[See Section 6.6] 
Site Conditions 

Local Meteorology / Spatial Configuration 
of Emission Sources 

-

-

-

-

-

-

• 


• 


• 

It can be seen that the various subfactors affecting the magnitude of the slope of the cumulative exposure 
budget line are determined or influenced by a broad spectrum of determinations: 

II 
• regulatory policy; 
• planned project operations; 
• chemical/toxicological properties of the volatile PCBs; •• characteristics of the exposed public; and 
• site conditions or meteorology. 

While all subfactors must be considered in the management of ambient air PCB levels, a number of these • 
subfactors are outside the control of the remediation manager. 

6.8 Developing Exposure Budgets for New Bedford Harbor • 

Using the relationship presented in Section 6.7.3, cumulative exposure budgets were developed for the 
two primary emission sources associated with the currently proposed remediation process: CDFs C and • 
D. Because of uncertainties relating to project funding and its potential impact on the project duration, 
cumulative exposure budgets were developed for monitoring stations located at both CDFs for project 
durations of 5 and 10-years. In addition, two complete sets of site-specific meteorology (relating to the • 
years 1996 and 1999) have been compiled for the New Bedford Harbor site. As the two years of 
meteorological data were equally valid relative to the prediction of annual average total PCB 
concentrations, the more conservative (lower) dispersion factors were selected for use in the calculation • 
ofthe slopes ofthe cumulative exposure budget lines. 

• 

• 
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• 	 The basic process used to calculate the quantitative cumulative exposure budget lines proposed for the 
New Bedford Harbor remediation project, and the principal decisions made along the way, are highlighted 
below. The results of this process are cumulative exposure budgets tailored specifically to each projected 
monitoring station at each CDF to be protective of the public assuming 5 or 10-year project durations and -	 the range of anticipated operational and meteorological conditions at the Harbor. 

.. 	 6.8.1 Calculation of the Site-Specific Dispersion Factors 

.. The last remaining primary factor in the cumulative exposure budget slope relationship to be quantified is 
the site-specific air dispersion factor (SSDF) for each scenario evaluated. The dispersion factor between a 
monitoring station and a representative receptor location is defined simply as the ratio of the projected 
annual average total PCB concentration at the monitoring station to the projected annual average total 
PCB concentration at the target receptor location. 

Table J-l in Appendix J presents the calculations of the dispersion factors for total PCBs for the 
monitoring stations projected to be placed around CDF C and CDF D. As can be seen, monitoring .. stations were assumed to be located on the north, south, east and west sides of each CDF. The predicted 
ambient concentrations at these monitoring points were presented in Appendix G. Table J-l also 
identifies the representative receptor locations identified during the windshield survey as the

• "Representative Receptor Locations", each on a separate row of the table. Because the spatial 
configuration of the various sources of PCB emissions and the level of PCB contamination in the 
sediments being excavated and handled are projected to change somewhat from year-to-year, the annual 

• average airborne PCB concentrations projected by the air dispersion model also change slightly from 

• 
• 

year-to-year at any given location. The relatively small variation in the projected concentrations for a 
given monitoring station or target receptor location from year-to-year is evident in Table J-l for the four 
different years of projected operation (see Section 4). All annual average PCB concentrations, calculated 
as described in Sections 4.0 and 5.0, are presented in units ofug/m3. The dispersion factors are calculated 
by dividing the projected PCB concentration at the monitoring station for that year by the PCB 
concentration projected for the target receptor location for that year. The calculated dispersion factors 
typically range from approximately 2 to over 100 for some location pairs. Table J-I is based on air 

• 
dispersion modeling using the 1996 site-specific meteorology. Table J-2 presents the same dispersion 
factor calculations for CDF C and CDF D using the air dispersion modeling results based on the 1999 
site-specific meteorology. 

6.8.2 Calculation of the Cumulative Exposure Budget Slopes .. 
Once the Allowable Ambient Limits, annual average background PCB concentrations, and dispersion 
factors have been calculated, the health-based slopes of the cumulative exposure budget lines can be 
calculated from the expression: 

.. 	 Slope =((Allowable Ambient Limit) - (Background Concentration)) x [Air Dispersion Factor] 

.. Table J-3 presents these calculations for CDF C and CDF D for years 1 through 4 (reflecting the different 
PCB source configurations that are expected to occur over the course of the remediation project) 
assuming a 5-year project duration and the 1996 site-specific meteorology. The calculations for CDF C 

• are presented first in Table 1-3, followed by those for CDF D. Once again, the representative target 
receptors are identified as individual rows of this table. The "Receptor-Specific Risk-Based Exposure 
Point Concentration" listed for each target receptor was taken from the results presented in Section 3.0 
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assuming a 5-year project duration. If the representative receptor location was a residential location or a 
school, the lower (most stringent) of the child and adult resident Allowable Ambient Limit values was 
adopted for that receptor location. If the target receptor was a commercial or industrial location, the 
Allowable Ambient Limit of the adult worker was adopted for that receptor location. The "Receptor
Specific Annual Average PCB Background Concentration" for each target receptor location was taken 
from Figure H-4. The "Dispersion Factors" for each monitoring station-target receptor location pair were 
calculated in either Table J-l or Table J-2, as appropriate (the dispersion factors in Table J-3 were 
calculated in Table J-l). As the dispersion factors vary for each monitoring station relative to a given 
target receptor location, the calculation is perfonned separately for each monitoring station in each year. 
The resulting "Risk-Based Concentration at the Monitoring Point" (Total PCB concentrations in units of 
uglm3

) is the slope of the cumulative exposure budget line for that monitoring station that would maintain 
exposure at the specified target receptor location at the allowable health-based limit. The last two rows of 
Table J-3 also identify the lowest calculated "Risk-Based Concentration" for each monitoring station and 
the target receptor location requiring the concentration to be kept that low. As all target receptors must be 
protected, this minimum "Risk-Based Concentration" becomes the candidate value of the slope of the 
cumulative exposure budget for that monitoring station for that year (for the 1996 meteorology). 
Table J-4 presents the same calculations for CDF C and CDF D for years 1 through 4 assuming a 5-year 
project duration and the 1999 site-specific meteorology. The lower of the minimum "Risk-Based 
Concentrations" for each monitoring station from the two meteorological scenarios becomes the slope of 
the cumulative exposure budget for that monitoring station for that year. 

Table J-5 and Table J-6 present the same calculations for CDF C and CDF D for years 1 through 4 
simulation periods (reflecting the range of remediation activities that will occur over a 10-year project 
duration) and the 1996 and 1999 site-specific meteorologies, respectively. 

6.8.3 Simplifying the Cumulative Exposure Budget Program 

The calculations described above and presented in Tables J-3 through J-6 result in four cumulative 
exposure budgets for each CDF (for the north, south, east and west monitoring stations) for each of the 
forty-six target receptor locations, each with a slightly different slope for each year of remediation 
operations. 

The quantitative results were critically evaluated to identify ways to reduce and simplify this program 
while still ensuring that the public remains protected. The calculated cumulative exposure budget lines 
were reviewed relative to three sequential assumptions or considerations. A graphical representation of 
this review is presented in Figure 1-2 relative to the cumulative total PCB exposure budgets calculated for 
the CDF C monitoring stations assuming a 5-year project duration and the 1996 site-specific meteorology. 

It was a stated objective of the ambient air management program that it be protective of all representative 
target receptors. The large arrow" 1" shown on Figure 1-2 highlights the five most stringent cumulative 
exposure budget lines calculated for the east monitoring station (the most stringent being for target 
receptor location R9, which was identified as the most impacted receptor location under those conditions). 
This part of Figure 1-2 is broken out and depicted in Figure 1-3. The insert box on Figure 1-3 also shows 
how the slope of each line in year 3 was calculated. Since all representative target receptors must be 
protected, only the lowest cumulative exposure budget line can be used and the higher (less stringent) 
lines can be ignored. As such, this assumption or requirement, represented by the large arrow "1" on 
Figure 1-2, serves to greatly reduce the number of candidate cumulative exposure budgets for each 
monitoring station. 

Because of the strong effect ofwind direction on the projected ambient air PCB concentrations around the 
Harbor, appreciable differences are apparent in the cumulative exposure budget lines calculated for the 
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four monitoring stations relative to ensuring the protection of the most impacted receptor - R9. These 
cumulative exposure budget lines are highlighted by the large arrow "2" shown on Figure 1-2. This part 
of Figure 1-2 is broken out and depicted in Figure 1-4. In this case, the east monitoring station has the 
highest (least stringent) exposure budget, with increasingly lower (more stringent) exposure budgets 
calculated for the west, north, and south monitoring stations (see Figure H-3 for the location of target 
receptor location R9). Because the differences in the magnitude of these cumulative exposure budgets are 
significant, it was decided to maintain separate budgets for each monitoring station and not to apply the 
most stringent cumulative exposure budget line to all four monitoring stations at a given CDF. It must be 
emphasized that the cumulative exposure budgets shown in Figure 1-4 are all calculated to ensure that the 
exposures at target receptor location R9 will not exceed the health-based target level for the residential 
exposure of a child. As such, tracking the four monitoring station exposure budgets separately provides 
some redundancy in "diagnosing" the conditions at the potential points of public exposure. 

Finally, because the major PCB emission sources for the modeled remedial operations are the stationary 
CDFs (with relatively minor emission contributions from the mobile dredges), Figure 1-2 shows that the 
change in the slope of the cumulative budget line from year-to-year is small compared to the differences 
across the target receptor locations or across the four monitoring stations. These cumulative exposure 
budget lines are highlighted by the small arrow "3" shown on Figure 1-2. This part of Figure 1-2 is broken 
out and depicted in Figure 1-5. The higher cumulative exposure budget line shown on Figure 1-5 is the 
budget line reflecting the minor year-to-year changes in the slope. The lower cumulative exposure budget 
line shown on Figure 1-5 reflects applying the minimum slope calculated for years 1 through 4 for all 
years of the project. As the quantitative difference in the resulting cumulative exposure budget lines is 
relatively small, it was decided to adopt the simpler and more conservative (protective) approach of 
applying the minimum slope calculated for years 1 through 4 for all years of the project. 

It should be reemphasized that the most conservative result from applying the two separate years of 
meteorology data in the air dispersion modeling was used as the starting point for this entire review (see 
the insert box on Figure 1-3 as an example) . 

6.9 	 The Proposed Cumulative Exposure Budgets for the New Bedford Harbor Ambient Air 
Management Program 

This review, and the decisions noted, resulted in one remaining cumulative exposure budget line with a 
single-value slope for each of the four assumed monitoring stations at each CDF. Each of these budget 
lines is designed to protect the most potentially impacted target receptor location to the specified health
based exposure limit in consideration of the full range of projected operational source configurations and 
the more constraining meteorological conditions. Figure 1-6 presents these proposed cumulative exposure 
budgets for total PCBs for CDF C assuming a 5-year project duration . 

A similar review was conducted on the calculated cumulative exposure budgets for CDF C for a IO-year 
assumed project duration. The four proposed cumulative exposure budgets for total PCBs for CDF C 
assuming a lO-year project duration are graphically presented in Figure 1-7. Similarly, the four proposed 
cumulative exposure budgets for total PCBs for CDF D assuming a 5-year and a 10-year project duration 
are graphically presented in Figure 1-8 and Figure 1-9, respectively . 

6.10 	 Implementation of the Ambient Air Management Program 

The Draft Final Implementation Plan describes and illustrates the process of applying air action levels and 
a cumulative exposure budget to ensure the protection of the public from volatile PCBs released during 
sediment remediation activities at New Bedford Harbor. The underlying methodology and development 
of cumulative exposure budgets is presented in Sections 3.0 through 6.0 of this document. This Draft 
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Fina] Imp]ementation Plan builds on these air action levels and cumulative exposure budgets, and outlines 
the practical implementation of this approach to public protection. The Draft Final Implementation Plan 
(FWENC, 2001) is summarized below and is included in its entirety as Appendix M to this report. 

The Draft Final Implementation Plan describes the key elements of a sampling and analysis program that 
will collect information on airborne PCB levels during the remediation project. Aspects of selecting the 
locations for the monitoring stations, sampling frequency, and analytical methods are discussed, as is the 
relationship between the Implementation Plan and the Sampling and Ana]ysis Plan for ambient air 
monitoring. 

This Draft Final Implementation Plan also illustrates how the information obtained from an ambient air 
sampling and analysis program can be used to track and analyze the conditions that determine the level of 
exposure of the public to volatile PCBs. A prototype Public Exposure Tracking System (PETS) for a 
monitoring station is presented as a simple too] for compiling the monitoring data collected over the 
course of a clean-up operation and automatically conducting an initial screening assessment of that data 
against the baseline cumulative exposure budget developed for that monitoring station. The prototype 
PETS is a spreadsheet-based tool that is tailored for each monitoring station. The prototype PETS 
calculates various statistics and parameters based on the monitoring data and checks the results against 
pre-defined criteria to alert the user of conditions and triggers that may indicate a potential or eventual 
exceedance of the established cumulative exposure budget. The prototype PETS also differentiates the 
conditions and triggers on the basis of the general level of response that may be required to remedy the 
unfavorable conditions and ensure continued protectiveness of the public relative to the potential 
inhalation exposures to volatile PCBs. The development and logic of the prototype PETS is detailed 
below. 

The initial screening assessment begins with a check of whether any of a predefined set of conditions 
relative to the ambient air measurements has been created. These particular conditions were identified as 
the circumstances or occurrences that alone, or in combination, provide an indication that some 
component of the cumulative exposure-based public protection program may be diverging from the 
baseline levels and that some attention or response to the situation may be necessary. These conditions 
were identified to provide a conservative assessment ofpotential exposures. They are designed to provide 
"early warning" of potentially unfavorable exposure conditions so that timely, effective steps may be 
taken to eliminate these conditions and maintain public protectiveness. 

The prototype PETS performs three types of condition checks as part of its screening assessment: 

1. 	 Comparison of the monitoring data directly to benchmark concentration criteria; 
2. 	 Comparison of the calculated cumulated exposure for the project to date to the baseline cumulative 

exposure budget developed for that monitoring station; and 
3. 	 Comparison of the cumulated exposure projected for the end of the project assuming continued 

conditions as they then exist to the baseline cumulative exposure budget at that point in time 

The prototype PETS was tested on two remediation activities at New Bedford Harbor (the Early Action 
Removal Area work and the ongoing Commonwealth Electric Cable Crossing Re]ocation project), and 
illustrative outputs are presented. 

Finalizing and tailoring this Draft Final Implementation Plan for effective utilization would include the 
following general steps: 

• 	 Locating the monitoring points relative to the primary volatile PCB emission sources associated with 
the selected remediation approach and the nearby potential public receptors; 
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 • 	 Establishing the cumulative exposure budget for each monitoring point (reflecting the appropriate 

PCB release scenarios and the local atmospheric fate and transport analysis); .. • Locating additional monitoring stations at public exposure points indicated to be potentially most 
impacted based on modeling (i.e., to "ground truth" the projections used in the exposure budget 
development process); 

- • Developing the corresponding elements of the Sampling and Analysis Plan (e.g., frequency of 
sampling, analytical protocols, QNQC) for the remedial activities being conducted; 

.. • Conducting the ambient air sampling program as defined; 

• 	 Incorporating the results into the PETS framework; and 

• 	 Acting proactively on the recommendations generated through the initial screening analysis.. 	 performed by the PETS to control and minimize public exposure to volatile PCBs released during the 
remediation effort . .. 

.. 


.. 
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•• 7.0 CONCLUSIONS 

This document presents work that was performed to address the potential impact of volatile PCBs 
released during remediation on the public health of the community. Two principal goals were 
accomplished with this assessment: 

• 	 The potential for health impacts associated with emIssIons of volatile PCB during the 
remediation of the contaminated New Bedford Harbor sediments under a baseline scenario 
was assessed using risk-based allowable ambient limits, emissions modeling, and dispersion 
modeling. 

• 	 An exposure budgeting program that, when implemented, will ensure the protection of public 
health was developed using the allowable ambient limits, current background concentrations, 
and the results of the air dispersion modeling. 

As described previously, there were several distinct efforts undertaken to complete this assessment, that 
have been described in this document. These efforts include: 

• 	 Development of risk-based aIJowable ambient limits (Section 3.0); 

• 	 Emissions modeling to estimate potential releases of volatile PCBs during remediation 
activities (Section 4.0); 

• 	 Atmospheric dispersion modeling to determine ambient air concentrations of volatile PCBs 
(Section 5.0); and 

• 	 Development of a cumulative exposure budgeting program and plan for implementation that 
will ensure the protection of public health (Section 6.0). 

The principal results and conclusions for each ofthese distinct efforts are summarized below. 

7.1 Section 3.0 - Development of Allowable Ambient Limits 

Section 3.0 presented the methods used to develop the health-based allowable ambient limits for 
potentially impacted segments of the public. Ambient allowable limits for PCBs are annual average air 
concentrations at a point of exposure that, below which, adverse health effects associated with inhalation 
exposures are not anticipated. The allowable ambient limit is an annual average concentration because 
the inhalation of PCBs is principally a health concern due to long term, or chronic, exposure. Short-term 
concentration limits (i.e., hourly or daily) typically associated with contaminants exhibiting acute health 
effects have not been defined and published for PCBs. 

For this project, allowable ambient limits for PCBs were calculated for two types of public receptors: 
(1) a child and adult resident and (2) an adult non-remediation worker at a commercial or industrial 
facility. It was determined that the child resident was the most potentially impacted public receptor. 

There are many exposure factors that influence an allowable ambient limit including body weight, 
breathing rate, body mass, and exposure duration. For this project, it was determined that the project or 
exposure duration was the most significant exposure parameter. Allowable ambient limits were 
calculated assuming a 5-year and a 10-year project duration. The allowable ambient limit for the most 
impacted public receptor (a child resident) for 5- and 10-year project durations are 660 ng/m3 and 
409 ng/m3

, respectively. 
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• It is important to note that these allowable ambient limits are for total PCBs. Based upon the homologue 
and congener distributions from the sampling conducted to date, it was determined that PCB toxicity for 
this project can be described in terms of total PCB concentrations with continued monitoring of the 
congener distribution in the ambient air. -
7.2 Section 4.0 - Emissions Modeling and Section 5.0 - Air Dispersion Modeling 

Sections 4.0 and 5.0 of this document present the emissions and dispersion modeling that was performed -
to determine the maximum annual average concentrations at potentiaUy exposed public receptors and to 
evaluate the contributions and characteristics of the emissions sources for the proposed remediation. 
Emission modeling was performed for the planned remedial activities at New Bedford Harbor using a 
combination of theoretical relationships and field test data. The theoretical modeling provided a 
mechanism to model emissions sources with relatively unique physical and operational characteristics . .. The field test data was used to fine-tune the theoretical modeling such that it more accurately predicted 
volatile PCB emissions for this project. These emissions estimates were used in an air dispersion model 
to predict annual average concentrations at possible receptor locations around the site. Several.. 	 conclusions were drawn from these modeling studies that may be important for future remediation 
planning activities. 

• 

It was determined from the modeling that the wet sediment CDFs were quantitatively the largest and most 
influential emissions sources for potential impacts under the baseline scenario. This significance is due to 
the large emitting area in the storage units. The CDFs are very large, and, when wet sediment is placed in 
the CDF, it covers all available surface area. This makes the CDFs very large, continuous emissions 
sources. It should be noted that open fi1ling of the CDFs with an above-the-water fi]] pipe opening also 
creates a significant emissions source. On a relative basis, emissions from open filling are less than the 
emissions from the CDFs. However, the PCB emissions from the CDFs occur over a large area, while the 
emissions from open filling occur as a concentrated point source. Therefore, there could potentially be 

• 
high local impacts from open fiUing. For this reason, uncontrolled open fil1ing is not recommended as an 
operational strategy. 

The emissions modeling also indicated that dredging was not a significant contributor to project 
emissions. While the theoretical modeling indicated much higher dredging emissions, field tests showed 

• much lower releases. This is likely due to the selection of dredging technologies for the Pre-Design Field 
Test (PDFT). One of the criteria in selecting dredges for the PDFT was minimization of sediment 
disturbance, which effectively reduces emissions . .. 
Air dispersion modeling results indicate that the maximum impacts will occur near the source areas. 
Since the CDFs are the largest sources, the maximum predicted ambient PCB concentrations occur near .. the CDFs. These close-in impacts also are due to the characteristics of the CDF sources. These sources 
are large, ground level area sources that have no velocity or temperature-induced buoyancy. 
Consequently, their emission plumes tend to hug the ground, creating higher local impacts . .. The maximum predicted annual average concentration of total PCBs was approximately 22 ng/m3

. This 
maximum impact occurred at the eastern monitoring point around CDF C using 1996 meteorological data. 
The maximum predicted annual average concentration is significantly less than the 5- and 10-year

• 	 allowable ambient limits of 660 ng/m3 and 409 ng/m3 respectively. 

It is important to note that two years of on-site meteorological data were used in the dispersion modeling 

• analysis. Modeling results indicate that the annual average concentrations do not vary greatly from year 
to year. This indicates that it is appropriate to use the dispersion factors from modeling two years of 

• 
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meteorological data in the cumulative exposure budgeting even though exposures will be tracked over the 
duration ofthe project, which may be several years. 

Although the cumulative exposure budgets presented in this report were developed using detailed air 
dispersion modeling results from an assessment of the baseline wet sediment scenario, a preliminary air 
dispersion screening assessment also was performed to evaluate the impact of various dewatered sediment 
source area sizes and orientations on potential ambient air concentrations in the areas near the CDF. This 
preliminary modeling used SCREEN3 to determine the impact of various source configurations on 
maximum ground level concentrations. The maximum ground-level concentration predicted by this 
screening study is 1,140 ng/m3 at the northern edge of the CDF. This maximum concentration was 
predicted assuming the entire area of a CDF (with dimensions 1,200 feet by 450 feet) would have exposed 
dewatered sediment that produced an emissions flux of 43,000 ng/m2/min or 258 nglcm2/hr. This is the 
maximum measured flux from the Koester process sample at room temperature. As discussed in Section 
4.3.2, it is difficult to confidently conclude, based upon the limited data, that dewatering the New Bedford 
Harbor sediment would result in this increased emission rate. If the maximum flux of the MPS dewatered 
sediment were used in the screening study, maximum predicted concentrations would be approximately 
70 ng/m3

• 

It is important to note that SCREEN3 is a very conservative screening level dispersion model that is 
typically used to measure short-term concentrations (e.g., one-hour averages). Screening level 
applications are most appropriate for SCREEN3 because the model assumes that the wind blows in only 
one direction, directly at the receptor. In addition, the model chooses the wind speed and atmospheric 
stability class combination from a set of standard conditions that results in the highest ground-level 
concentration. However, despite these characteristics, the SCREEN3 model is appropriate and suitable 
for evaluating the relative impact of area source configurations on ambient air concentrations, which was 
the primary purpose of this preliminary, screening study. Should the dewatered sediment alternative be 
selected for application for all or part of the New Bedford Harbor cleanup effort, the atmospheric 
dispersion of the volatile PCB emissions from the dewatering process and dry sediment handling and 
disposal operations could be modeled using the ISCST3 model and assessment approach that was applied 
to the wet sediments as described in this report. 

7.3 Section 6.0 - Cumulative Exposure Budgeting 

Section 6.0 of this document presents the development of a cumulative exposure budget to ensure the 
protection of public health during the remediation. This study illustrates that a project-specific, 
cumulative exposure budget can be developed by integrating project emissions, atmospheric dispersion 
modeling, measured background concentrations, and health-based exposure concentrations. This 
cumulative exposure budget was designed to be protective of the most potentially impacted public 
receptor. 

There were several decisions made during the development of the budget curves that affect the final 
implementation of the budgeting program. The first is that changes in dredge location and deployment 
sequence (i.e. north to south) do not significantly affect the magnitude of the exposure budget. This 
allowed a conservative assumption to be made which simplified the resulting budgets. 

It also was determined that the spatial relationship between the source and the nearby monitoring stations 
was significant relative to the specification of the magnitude of the exposure budget. This required that 
an exposure budget for each directional monitor be established and tracked independently. 
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.. 
• 	 A Draft Final Implementation Plan was presented which illustrated the process of applying air action 

levels and a cumulative exposure budget to ensure the protection of the public from volatile PCBs 
released during sediment remediation activities at New Bedford Harbor. The Implementation Plan also .. 	 illustrated how the information obtained from an ambient air sampling and analysis program can be used 
to track and analyze the conditions that determine the level of exposure of the public to volatile PCBs. A 
prototype Public Exposure Tracking System (PETS) for a monitoring station was presented as a simple 
tool for compiling the monitoring data collected over the course of a clean-up operation and automatically 

-
- conducting an initial screening assessment of that data against the baseline cumulative exposure budget 

developed for that monitoring station. The prototype PETS was tested on two remediation activities at 
New Bedford Harbor, and illustrative outputs were presented in Appendix M. 

7.4 Summary and Next Steps 

• 	 Several changes to the planned approach for remediation of the contaminated sediments at NBH have 
been proposed during and since the scoping and performance of this study. The most significant of these 
changes included: 

• 
• Reducing the construction of proposed CDFs from four (A, B, C, and D) to two (C and D); 

• 	
and 

• Proposing to dewater the sediment prior to disposal in a CDF or disposal off-site. 

At the time this study was completed, the baseline remediation scenario included the following principal 

• elements: 

• 
• Dredging of contaminated sediments from the Harbor over a 5- or lO-year period starting in 

the north and working to the south; 
• Hydraulic transport of wet sediment to two CDFs (C and D); 
• Storage and settling ofthe sediment in the CDFs (C and D); 

• • Decanting and treating water from the CDFs; and 
• Capping the remaining sediments in the CDFs. 

• While this assessment was based upon a baseline wet sediment scenario, most of the information obtained 

• 
from this study can be applied to other remediation approaches or variations. The allowable ambient 
limits (see Section 3.0) are not dependent on remediation alternatives. They can be used as presented in 
this document moving forward without any adjustment due to changes in remedial operations. 

As mentioned previously, the estimated project emissions are dependent upon the remediation scenarios. 
However, the qualitative results of the modeling can be applied to other operating plans. As an example, 
the modeling effectively identifies the relative contribution of different emissions sources associated with 
remediation technologies. This knowledge can be used to assist in future planning activities. For 
example, the analysis has shown that dredging is a small contributor to overall project emissions. .. 	 Consequently, changes in dredging technologies, operations and locations would likely not have a great 
impact on potential exposures. 

• Flux box testing has shown that that dewatered sediment may have a higher emissions flux than wet 
sediment. However, this indication was based on very limited data. Emissions and dispersion modeling 
indicate that the predicted ambient air concentrations for volatile PCBs are expected to be much less than 
the allowable ambient limits. Consequently, it is likely that a potential increase in emissions from 
handling and storing dewatered sediment would not result in an exceedance of the cumulative exposure 
budgets or cause adverse health impacts. The emissions and dispersion modeling also illustrate that the 

• 
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impact of an area source can be effectively reduced by reducing the size of the emitting area. This was -

further illustrated in a screening study of the ambient air impacts from storage of dewatered sediment. 

The atmospheric dispersion modeling results were used for two purposes, to predict annual average air -concentrations, and to develop dispersion factors for use in the cumulative exposure budget development 
process. The dispersion factors will still be appropriate for use in the exposure budgeting, even if the 
magnitude of project emissions (but not the overall source configuration) changes, because the factors are -based on a ratio of ambient air concentrations (please see Section 6.0). The dispersion factors will change 
if the overall source configuration is significantly altered. Significant alterations could include addition 
of emissions sources, changes in source size, and changes in source type (i.e., area vs. point). Under these 
circumstances, the dispersion factors used in the cumulative exposure budget would need to be re 
calculated. 

Finally, this study has established a defensible method for developing cumulative exposure budgets. This 
methodology can be easily applied to future remediation scenarios. In addition, the creation of a flexible 
Implementation Plan, with links to the Ambient Air Sampling and Analysis Plan, will help to 
accommodate any alternative remediation plans. The final Implementation Plan can be tailored to fit the -
operations as construction commences. 

Subsequent efforts required to finalize and tailor the current program for the protection ofthe public from -
potential releases of volatile PCBs during remediation activities at the Harbor would include the 
foJ/owing general steps: 

• 	 Establishing the key processes, operational parameters, and time sequencing associated with the • 
remediation approach to be implemented; 

• 	 Revise / update the PCB emission source estimates and spatial source distribution developed in 
Section 4.0; 

• 	 Adjust the spatial source distribution associated with the remediation approach to be implemented and 
recalculate the atmospheric dispersion factors (as was demonstrated in Section 5.0); III 

• 	 Review aspects of the toxicology of PCBs (especially the reevaluation of the carcinogenicity of the 
dioxin-like compounds) to determine if any developments warrant changes to the development of the 
allowable ambient limits currently presented in Section 3.0; 

• 	 Locate monitoring stations relative to the primary volatile PCB emission sources associated with the 
selected remediation approach and the nearby potential public receptors; • 

• 	 Establish the cumulative exposure budget for each monitoring station (reflecting the appropriate PCB 
release scenarios and the local atmospheric fate and transport analysis); 

•• 	 Locate additional monitoring stations at public exposure points indicated to be potentially most 
impacted based on modeling (i.e., to "ground truth" the projections used in the exposure budget 
development process); 

II, 

• 	 Develop the corresponding elements of the Sampling and Analysis Plan (e.g., frequency of sampling, 
analytical protocols, and QAlQC) for the remedial activities being conducted; ..

• 	 Conduct the ambient air sampling program, as defmed, during the performance of the remedial 
activities; 

• 	 Incorporate the results into the PETS framework; and -
• 	 Act proactively on the recommendations generated through the initial screening analysis performed 

by the PETS to control and minimize public exposure to volatile PCBs released during the 
remediation effort. .. 
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Results of NTEL Calculations 
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Exposure Medium: Air 
Exposure Point: Ambient Air 
Receptor Population: Resident 
Receptor Age: Child 

Non-Threshold Effects Exposure Level 
TR 

Target Risk Cancer Slope Factor Exposure Duration 
CSF NTEL 

(unitless) 
ED 

(ng/m3
) 


1.00E-06 

(vears)Imq/kq-davr' 

1.00E-05 1.00E-04 10 (6+4) 0.4 0.07 52 
13.19X X X 

X 8.18X X 
65.96X X X 

X X X 40.89 
X X 377 

X 


X 
X X 234 

X X 132X 
X 82 

X 
X X 

X 660X 
409X X X 

3,769X X X 
X X 2,337X 

1,319X X X 
818 

X 
X X X 

6,596 
X 

X X 
4,089X X 

X X X 37,694 
X X 23,367 

Threshold Effects Exposure Level 

NOTES: 

X 

TEL 

Both NTELs calculated using: (ng/m 3) 

ATc = Averaging Time (Carcinogenic)" 25,550 days CV = Conversion Factor = 1,000,000 ng/mg 680 

I I 

TABLE A-1 


NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR TOTAL PCBs FOR THE CHILD RESIDENT 

NEW BEDFORD HARBOR SUPERFUND SITE 


NTEL',. 

NTEL2 ,. 

I I I I 

TR*BWc*ATc*CV 

EF*Eo*IRc*CSF 


TR*ATc*CV 

EF*CSF 


IRc*EDc + IRa*EDa 


BWc BWa 

EF =Exposure Frequency =350 days/year BWc = Body WeIght (chlld) = 15 kg 
IRc = Inhalation Rate (child) = 12 m3/day 

NTEL' calculated using: 

ED = Exposure Duration = 5 years 

NTEL2 calculated using: 

BWa = Body Weight (adult) =70 kg EDa = Exposure Duration (adult) = 4 years 
EDc = Exposure Duration (child) = 6 years IRa = Inhalation Rate (adult) = 20 m3/day 
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TABLE A-2 


NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR CONGENER NO. 114 FOR THE CHILD RESIDENT 


NEW BEDFORD HARBOR SUPERFUND SITE 


NTEL1= TR*BWc*ATc*CV 
EF*ED*IRc*CSF*TEF 

Exposure Medium: Air 
Exposure Point: Ambient Air TR*ATc*CV 
Receptor Population: Resident EF*CSF*TEF 
Receptor Age: Child IRc*EDc + IRa*EDa 

BWc BWa 

Target Risk 
TR 

(unitless) 

Exposure Duration 

ED 
(years) 

Non-Threshold Effects Exposure Level 
NTEL 

(ng/m3) 

1.00E-06 1.00E-05 1.00E-04 5 10 (6+4) 
X 
X 

X 
X 

0.3518 
0.2181 

X 
X 

X 
X 

3.518 
2.181 

X 
X 

X 
X 

35.18 
21.81 

Threshold Effects Exposure Level 
TEL 

(ng/m3) 

N/A 
NOTES: 

N/A = Not Applicable 


Both NTELs calculated using: 
BWc = Body Weight (child) = 15 kg IRc = Inhalation Rate (child) = 12 m3/day 

ATc = Averaging Time (Carcinogenic) = 25,550 days CSF = Cancer Slope Factor for TCDD = 1.5 x 105 (mg/kg-dayr1 

CV = Conversion Factor = 1,000,000 ng/mg TEF = Toxicity Equivalency Factor = 0.0005 
EF = Exposure Frequency = 350 days/year 

NTEL1 calculated using: 


ED = Exposure Duration = 5 years 


• 
NTEL2 calculated using: 


BWa = Body Weight (adult) = 70 kg EDa = Exposure Duration (adult) = 4 years 

EDc = Exposure Duration (child) = 6 years IRa = Inhalation Rate (adult) = 20 m3/day 
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TABLE A-3 


NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR CONGENER NO.118 FOR THE CHILD RESIDENT 


NEW BEDFORD HARBOR SUPERFUND SITE 


NTEL1= TR*BWc*ATc*CV 
EF*ED*IRc*CSF*TEF 

Exposure Medium: Air 
Exposure Point: Ambient Air TR*ATc*CV 

Receptor Population: Resident EF*CSF*TEF 
Receptor Age: Child IRc*EDc + IRa*EDa 

BWc BWa 

Target Risk Exposure Duration Non-Threshold Effects Exposure Level 

TR 
(unit/ess) 

ED 
(years) 

NTEL 
(ng/m3 

) 

1.00E-06 1.00E-05 1.00E-04 5 10 (6+4) 

X X 1.7590 
X X 1.0905 

X 
X 

X 
X 

17.590 
10.905 

X X 175.90 
X X 109.05 

Threshold Effects Exposure Level 
TEL 

(ng/m3 
) 

N/A 
NOTES: 

N/A = Not Applicable 


Both NTELs calculated using: 

BWc = Body Weight (child) = 15 kg 

ATc = Averaging Time (Carcinogenic) =25,550 days 

CV = Conversion Factor = 1,000,000 ng/mg 

EF = Exposure Frequency = 350 days/year 


NTEL1calculated using: 


ED = Exposure Duration = 5 years 


NTEL2 calculated using: 


BWa = Body Weight (adult) = 70 kg 

EDc = Exposure Duration (child) = 6 years 


IRc =Inhalation Rate (child) = 12 m3/day 
CSF = Cancer Slope Factor for TCDD = 1.5 x 105 (mg/kg-dayr1 

TEF = Toxicity Equivalency Factor = 0.0001 

EDa = Exposure Duration (adult) = 4 years 
IRa = Inhalation Rate (adult) = 20 m 3/day 

Appendix A 
5130/01 



• • • • 

TABLE A-4 

NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR CONGENER NO. 126 FOR THE CHILD RESIDENT 


NEW BEDFORD HARBOR SUPERFUND SITE 


NTEL'= TR*BWc*ATc*CV 
EF*ED*IRc*CSF*TEF 

Exposure Medium: Air 

Exposure Point: Ambient Air TR*ATc*CV 

Receptor Population: Resident EF*CSF*TEF 
IRc*EDc + 

BWc 
Receptor Age: Child 

Target Risk 
TR 

(unitless) 

Exposure Duration 
ED 

(years) 

Non-Threshold Effects Exposure Level 
NTEL 

(ng/m 3 
) 

1.00E-06 1.00E-05 1.00E-04 5 10 (6+4) 

X 
X 

X 
X 

0.0018 
0.0011 

X 
X 

X 
X 

0.018 
0.011 

X 
X 

X 
X 

0.18 
0.11 

Threshold Effects Exposure Level 
TEL 

(ng/m 3 
) 

N/A 

NOTES: 

N/A = Not Applicable 


Both NTELs calculated using: 


BWc = Body Weight (child) = 15 kg 


ATc = Averaging Time (Carcinogenic) = 25,550 days 

CV = Conversion Factor = 1,000,000 ng/mg 


EF = Exposure Frequency = 350 days/year 


NTEL' calculated using: 


ED = Exposure Duration = 5 years 


NTEL2 calculated using: 


BWa = Body Weight (adult) = 70 kg 

EDc = Exposure Duration (child) = 6 years 


IRc = Inhalation Rate (child) = 12 m3/day 
CSF = Cancer Slope Factor for TCDO = 1.5 x 105 (mg/kg-dayr' 

TEF = Toxicity Equivalency Factor = 0.1 

EDa = Exposure Duration (adult) = 4 years 

IRa = Inhalation Rate (adult) = 20 mJ/day 
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TABLE A-5 

NON·THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR CONGENER NO. 169 FOR THE CHILD RESIDENT 


NEW BEDFORD HARBOR SUPERFUND SITE 

Exposure Medium: Air 
Exposure Point: Ambient Air 
Receptor Population: Resident 
Receptor Age: Child 

1.00E-06 

X 


X 


NOTES: 

Target Risk 
TR 

(unitless) 
1.00E-05 

X 

X 


1.00E-04 

X 
X 

NTEL1= 

Exposure Duration 
ED 

(years) 
5 10 (6+4) 

X 
X 

X 
X 

X 
X 

N/A = Not Applicable 

Both NTELs calculated using: 

BWc = Body Weight (child) = 15 kg 

ATc = Averaging Time (Carcinogenic) = 25,550 days 
CV = Conversion Factor =1,000,000 ng/mg 
EF = Exposure Frequency = 350 days/year 


NTELl calculated using: 


ED = Exposure Duration = 5 years 


NTEL2 calculated using: 


BWa = Body Weight (adult) = 70 kg 

EDc = Exposure Duration (child) = 6 years 

TR*BWc*ATc*CV 

EF*ED*IRc*CSF*TEF 


TR*ATc*CV 

EF*CSF*TEF 


IRc*EDc + IRa*EDa 


BWc BWa 

Non-Threshold Effects Exposure Level 

NTEL 


(ng/m 3) 

0.0176 • 
0.0109 
0.176 
0.109 
1.76 
1.09 

Threshold Effects Exposure Level 

TEL 


(ng/m 3) 

N/A 

IRc = Inhalation Rate (child) = 12 m3/day 
1CSF = Cancer Slope Factor for TCDD = 1.5 x 10 5 (mg/kg-dayr

TEF = Toxicity Equivalency Factor = 0.01 

EDa = Exposure Duration (adult) = 4 years 
IRa = Inhalation Rate (adult) = 20 m3/day 
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TABLE A-6 

NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR TOTAL PCBs FOR THE ADULT RESIDENT 

NEW BEDFORD HARBOR SUPERFUND SITE 


Exposure Medium: Air 
Exposure Point: Ambient Air 
Receptor Population: Resident 

Receptor Age: Adult NTEL = TR*BW*ATc*CV 

EF*ED*IR*CSF 

Target Risk Cancer Slope Factor Exposure Duration Non-Threshold Effects Exposure Level 

TR CSF ED NTEL 

(unitless) (mg/kg-day)"l (years) (ng/m3
) 

1.00E-06 1.00E-05 1.00E-04 2 0.4 0.07 5 10 

X X X 25.55 

X X X 12.78 

X X X 128 

X X X 63.88 

X X X 730 

X X X 365 

X X X 256 

X X X 128 

X X X 1,278 

X X X 639 

X X X 7,300 

X X X 3,650 

X X X 2,555 

X X X 1,278 

X X X 12,775 

X X X 6,388 

X X X 73,000 

X X X 36,500 

Threshold Effects Exposure Level 

TEL 
(ng/m3

) 

NOTES: 1,190 

NTEL calculated uSing: 

BW =Body Weight =70 kg EF = Exposure Frequency = 350 days/year 


3
ATc = Averaging Time (Carcinogenic) = 25,550 days IR = Inhalation Rate = 20 m /day 

CV =Conversion Factor =1,000,000 ng/mg 
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TABLE A-7 

NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR CONGENER NO. 114 FOR THE ADULT RESIDENT 


NEW BEDFORD HARBOR SUPERFUND SITE 


Exposure Medium: Air 
Exposure Point: Ambient Air 
Receptor Population: Resident 

Receptor Age: Adult NTEL = TR*BW"ATc*CV 
EF*EO*IR*CSF*TEF 

Non-Threshold Effects Exposure Level 
TR 

Target Risk Exposure Ouration 
NTEL 

(unitless) 
EO 

(ng/m3
)(years) 

1.00E-06 1.00E-05 10 

X 
1.00E-04 5 

0.6813 

X 


X 
X 0.3407 

X 6.813 
X 

X 
3.407 

X 
X 

68.13 

X 
X 

3407 

Threshold Effects Exposure Level 


TEL 


X 

(ng/m3
) 

N/A 

NOTES: 

N/A =Not Applicable 


NTEL calculated using: 

BW =Body Weight =70 kg IR = Inhalation Rate = 20 m3/day 

ATc = Averaging Time (Carcinogenic) = 25,550 days CSF =Cancer Slope Factor for TCOO =1.5 x 105 (mg/kg-dayr1 

CV = Conversion Factor = 1,000,000 ng/mg TEF =Toxicity Equivalency Factor =0.0005 

EF =Exposure Frequency =350 days/year 
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TABLE A-8 

NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR CONGENER NO. 118 FOR THE ADULT RESIDENT 


NEW BEDFORD HARBOR SUPERFUND SITE 


Exposure Medium: Air 
Exposure Point: Ambient Air 

Receptor Population: Resident 
Receptor Age: Adult NTEL= TR*BW*ATc*CV 

EF*ED*IR*CSF*TEF 

Target Risk 
TR 

(unitless) 

Exposure Duration 
ED 

(years) 

Non-Threshold Effects Exposure Level 

NTEL 
(ng/m3

) 

1.00E-06 1.00E-05 1.00E-04 5 10 
X 
X 

X 
X 

3.4067 
1.7033 

X 
X 

X 
X 

34.067 
17.033 

X 
X 

X 
X 

340.67 
170.33 

Threshold Effects Exposure Level 
TEL 

(ng/m3
) 

N/A 

NOTES: 

N/A = Not Applicable 


NTEL calculated using: 


BW = Body Weight = 70 kg IR = Inhalation Rate = 20 m3/day 


ATc = Averaging Time (Carcinogenic) = 25,550 days CSF = Cancer Slope Factor for TCDD = 1.5 x 105 (mg/kg-dayr1 

CV = Conversion Factor = 1,000,000 ng/mg TEF = Toxicity Equivalency Factor = 0.0001 

EF = Exposure Frequency = 350 days/year 
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TABLE A-9 

NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR CONGENER NO. 126 FOR THE ADULT RESIDENT 


NEW BEDFORD HARBOR SUPERFUND SITE 


Exposure Medium: Air 
Exposure Point: Ambient Air 
Receptor Population: Resident 
Receptor Age: Adult NTEL= TR*BW*ATc*CV 

EF*EO*IR*CSF*TEF 

Target Risk Exposure Duration Non-Threshold Effects Exposure Level 
TR 

(unitless) 
ED 

(years) 

NTEL 
(ng/m3

) 

1.00E-06 1.00E-05 1.00E-04 5 10 

X X 0.0034 
X X 0.0017 

X X 0.034 

X X 0.017 

X X 0.34 

X X 0.17 
Threshold Effects Exposure Level 

TEL 
(ng/m3

) 

N/A 

NOTES: 

N/A = Not Applicable 


NTEL calculated using: 

BW = Body Weight = 70 kg IR = Inhalation Rate = 20 m3/day 

ATc = Averaging Time (Carcinogenic) = 25,550 days CSF = Cancer Slope Factor for TCOO = 1.5 x 105 (mg/kg-dayr1 

CV = Conversion Factor = 1,000,000 ng/mg TEF = Toxicity Equivalency Factor = 0.1 

EF = Exposure Frequency = 350 days/year 
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TABLE A-10 

NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR CONGENER NO. 169 FOR THE ADULT RESIDENT 


NEW BEDFORD HARBOR SUPERFUND SITE 


Exposure Medium: Air 
Exposure Point: Ambient Air 
Receptor Population: Resident 

Receptor Age: Adult NTEL= TR*BW*ATc*CV 

EF*EO*IR*CSF*TEF 

Target Risk Exposure Duration Non-Threshold Effects Exposure Level 
TR ED NTEL 

(unitless) (years) (ng/m3
) 

1.00E-06 1.00E-05 1.00E-04 5 10 

X X 0.0341 

X X 0.0170 

X X 0.341 
X X 0.170 

X X 3.41 

X X 1.70 
Threshold Effects Exposure Level 

TEL 
(ng/m3

) 

N/A 

NOTES: 

N/A = Not Applicable 


NTEL calculated using: 

3

BW =Body Weight =70 kg IR = Inhalation Rate =20 m /day 

ATc = Averaging Time (Carcinogenic) = 25,550 days CSF =Cancer Slope Factor for TCDD =1.5 x 105 (mg/kg-dayr
1 

CV =Conversion Factor =1,000,000 ng/mg TEF =Toxicity Equivalency Factor =0.01 

EF =Exposure Frequency =350 days/year 
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TABLE A-11 

NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 
FOR TOTAL PCBs FOR THE COMMERCIAL WORKER 

NEW BEDFORD HARBOR SUPERFUND SITE 

Exposure Medium: Air 

Exposure Point: Ambient Air 
Receptor Population: Commercial Worker 
Receptor Age: Adult NTEL= TR*BW*ATc*CV 

EF*ED*IRa*CSF 

Target Risk Cancer Slope Factor Exposure Duration Non-Threshold Effects Exposure Level 
TR CSF ED NTEL 

(Unitless) (mg/kg-day)"1 (years) (ng/m3
) 

1.00E-06 1.00E-05 1.00E-04 2 0.4 0.07 5 10 
X X X 35.77 
X X X 17.89 
X X X 179 
X X X 89.43 
X X X 1,022 
X X X 511 

X X X 358 

X X X 179 

X X X 1,789 

X X X 894 

X X X 10,220 

X X X 5,110 

X X X 3,577 
X X X 1,789 

X X X 17,885 

X X X 8,943 

X X X 102,200 

X X X 51,100 

Threshold Effects Exposure Level 
TEL 

(ng/m3
) 

NOTES: 50,000 

NTEL calculated uSing: 
BW = Body Weight = 70 kg EF = Exposure Frequency = 250 days/year 

ATc = Averaging Time (Carcinogenic) = 25,550 days IR = Inhalation Rate = 20 m3/day 

CV = Conversion Factor = 1,000,000 ng/mg 
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TABLE A-12 

NON-THRESHOLD EFFECTS EXPSOURE LIMIT RESULTS 

FOR CONGENER NO. 114 FOR THE COMMERCIAL WORKER 


NEW BEDFORD HARBOR SUPERFUND SITE 


Exposure Medium: Air 
Exposure Point: Ambient Air 

Receptor Population: Commercial Worker 
Receptor Age: Adult NTEL = TR*BW*ATc*CV 

EF*ED*IR*CSF*TEF 

Target Risk Exposure Duration Non-Threshold Effects Exposure Level 

TR 

(unitless) 
ED 

(years) 

NTEL 
(ng/m3

) 

1.00E-06 1.00E-05 1.00E-04 5 10 

X X 0.9539 

X X 0.4769 

X X 9.539 

X X 4.769 

X X 95.39 

X X 47.69 
Threshold Effects Exposure Level 

TEL 
(ng/m3

) 

N/A 

NOTES: 
N/A = Not Applicable 

NTEL calculated using: 

BW =Body Weight =70 kg IR = Inhalation Rate = 20 m 3/day 

ATc =Averaging Time (Carcinogenic) =25,550 days CSF =Cancer Slope Factor for TCDD =1.5 x 105 (mg/kg-dayr1 

CV =Conversion Factor =1,000,000 ng/mg TEF = Toxicity Equivalency Factor = 0.0005 

EF =Exposure Frequency =250 days/year 
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TABLE A-13 

NON-THRESHOLD EFFECTS EXPOSURE LEVEL RESULTS 

FOR CONGENER NO.118 FOR THE COMMERCIAL WORKER 


NEW BEFORD HARBOR SUPERFUND SITE 


Exposure Medium: Air 
Exposure Point: Ambient Air 
Receptor Population: Commercial Worker 
Receptor Age: Adult NTEL= TR*BW*ATc*CV 

EF*EO*IR*CSF*TEF 

Target Risk 
TR 

lunitlesst 

Exposure Ouration 

EO 
(years) 

Non-Threshold Effects Exposure Level 

NTEL 
(ng/m3 

) 

1.00E-06 1.00E-05 1.00E-04 5 10 
X 
X 

X 
X 

4.7693 
2.3847 

X 
X 

X 
X 

47.693 

23.847 
X 
X 

X 
X 

476.93 
238.47 

Threshold Effects Exposure Level 
TEL 

(ng/m3 
) 

N/A 

NOTES: 
N/A = Not Applicable 

NTEL calculated using: 
BW = Body Weight = 70 kg IR = Inhalation Rate = 20 m3/day 

ATc = Averaging Time (Carcinogenic) = 25,550 days CSF = Cancer Slope Factor for TCOO = 1.5 x 105 (mg/kg-dayy1 

CV = Conversion Factor = 1,000,000 ng/mg TEF = Toxicity Equivalency Factor = 0.0001 

EF = Exposure Frequency = 250 days/year 
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TABLE A-14 

NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR CONGENER NO. 126 FOR THE COMMERCIAL WORKER 


NEW BEDFORD HARBOR SUPERFUND SITE 


Target Risk 
TR 

(unitless) 

Exposure Duration 

ED 
(years) 

Non-Threshold Effects Exposure Level 
NTEL 

(ng/m 3) 

1.00E-06 1.00E-05 1.00E-04 5 10 

X 
X 

X 
X 

0.0048 
0.0024 

X 
X 

X 
X 

0.048 
0.024 

X 
X 

X 
X 

0.48 
0.24 

Threshold Effects Exposure Level 

TEL 
(ng/m3

) 

N/A 

Exposure Medium: Air 
Exposure Point: Ambient Air 
Receptor Population: Commercial Worker 

Receptor Age: Adult NTEL= TR*BW*ATc*CV 
EF*EO*IR*CSF*TEF 

NOTES: 


N/A = Not Applicable 


NTEL calculated using: 


BW =Body Weight =70 kg IR =Inhalation Rate =20 m3/day 


ATc::: Averaging Time (Carcinogenic) = 25,550 days CSF =Cancer Slope Factor for TCOO =1.5 x 105 (mg/kg-day)"1 


CV =Conversion Factor =1,000,000 ng/mg TEF = Toxicity Equivalency Factor = 0.1 


EF =Exposure Frequency =250 days/year 
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TABLE A-15 


NON-THRESHOLD EFFECTS EXPOSURE LIMIT RESULTS 

FOR CONGENER NO. 169 FOR THE COMMERCIAL WORKER 


NEW BEDFORD HARBOR SUPERFUND SITE 


Exposure Medium: Air 
Exposure Point: Ambient Air 
Receptor Population: Commercial Worker 
Receptor Age: Adult NTEL = TR*BW*ATc*CV 

EF*EO*IR*CSF*TEF 

Target Risk 
TR 

(unitless) 

Exposure Duration 
ED 

(years) 

Non-Threshold Effects Exposure Level 
NTEL 

(ng/m3) 

1.00E-06 1.00E-05 1.00E-04 5 10 
X 
X 

X 
X 

0.0477 
0.0238 

X 
X 

X 
X 

0.477 
0.238 

X 
X 

X 
X 

4.77 
2.38 

Threshold Effects Exposure Level 
TEL 

(ng/m3) 

N/A 

NOTES: 

N/A = Not Applicable 


NTEL calculated using: 
BW =Body Weight =70 kg IR :: Inhalation Rate = 20 m3/day 

ATc = Averaging Time (Carcinogenic) = 25,550 days CSF =Cancer Slope Factor for TCOO =1.5 x 105 (mg/kg-dayr1 

CV =Conversion Factor =1,000,000 ng/mg TEF =Toxicty Equivalency Factor =0.01 
EF =Exposure Frequency = 250 days/year 
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Figure B-1 

Summary of WES Laboratory Flux Box Data for Aroclor 1242 
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Estimation of Potential Contribution of the Dioxin-Like PCB Congeners to Carcinogenic Risk 
(Child Resident Receptor - 5-Year Project Duration) 

Mass Fraction 
Weight % of ofTotal PCBs 

Total Weighted by 
Homologues Toxicity Toxicity 

World Health Organization (WHO) (i.e., Total Equivalency Equivalency to 
Congener Number PCBs) Factor (TEF) 2,3,7,8-TCDD 


118 0.7000 0.0001 7.0000E-07 

105 0.2000 0.0001 2.0000E-07 

114 0.0900 0.0005 4.5000E-07 

77 0.1000 0.0001 1.0000E-07 
170 0.0900 0.0 
180 0.0700 0.0 
156 0.0100 0.0005 5.0000E-08 

123 0.0100 0.0001 1.0000E-08 

169 0.0100 0.01 1.0000E-06 

167 0.0050 0.00001 5.0000E-10 

81 0.0040 0.0001 4.0000E-09 

157 0.0010 0.0005 5.0000E-09 

126 0.0002 0.1 2.0000E-07 

189 0.0050 0.0001 5.0000E-09 


Total WHO Congeners 1.2952 2.7245E-06 ng/m3 
Remaining Total PCBs (assuming 

100% total) 98.7048 0.9870 ng/m3 
TOTAL 100.00 TOTAL 0.9871 ng/m3 

[100% 

normalized to 1 

nglm3 of Total 


PCBs] 


Cancer Slope Cancer 
Averaging Conversion Exposure Factor - Slope Factor Inhalation Exposure 

Calculated Risk Time-Cancer Factor Frequency PCBs - Dioxin Rate Duration Body Weight 
AT-C CV EF CSF CSF IRc EDc BWc 
(days) (ng/mg) (days/year) (mg/kg-dayr1 (mg/kg-dayr1 (m3/day) (years) (kg) 

Risk per ng/m3 With Dioxin-like 
Congeners Included = 3.0452E-08 25,550 1,000,000 350 0.4 150,000 8.3 5 15 

Remaining Total PCB Contribution 1.4963E-08 25,550 1,000,000 350 0.4 150,000 8.3 5 15 
WHO Congener Contribution 1.5489E-08 25,550 1,000,000 350 0.4 150,000 8.3 5 15 

Risk per ng/m3 Without Dioxin-like 
Congeners Included = 1.5160E-08 25,550 1,000,000 350 0.4 150,000 8.3 5 15 

RISKIC = RISKl1 ng/m3 = [MASSFRAC*CSPIRc*EPED] I [CV*BWc*AT-C] 

DRAFT cong risk contribute 
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WIND ROSE PLOT 

New Bedford Superfund Site 1999 On-Site Meteorological Data - Wind Speed 

PLOT YEAR DATE-TIME 

1999 
Jan1-Dec 31 
Midnight - 11 PM 

ORIENTATION 

Direction Wind Speed ( f c t i 
(blowing from) 

>2\DISPLAY 

Wind Speed 

UNIT 

Knots 

CALMWINOS 

1.09% 

AVO. WIND SPEED 1 • 3 

7.71 Knots 
.WEST ; j »ST 

DATE 

4/19/01 

MODELER 

J. Tsun 

COMPANY HWIE 

FWENC 

PROJECT^LOT NO. 

5197.1712.0191.10310 

•n • • • • 

NOTE: The wind directions are based on magnetic north which is 15.5° CCW from True North. 



WIND ROSE PLOT 

New Bedford Superfund Site 1999 On-Site Meteorological Data - Stability Class 

PLDT TEAR DATE-TIME 

1999 

Jan 1 - Dec 31 

Midnight - 11 PM 

ORIENTATION 

Direction Stability Class 
(blowing from) 

DISPLAY 

Stability Classes 

UNIT 

N'A 

CRIM WINDS 

1.D9* 

a  t ni'irin SPEED 

7.71 Knots 

DATE 

4/19)01 

MODELER 

J. Tsun 

COMPANY NflME 

FWENC 

PROJECT^LOT NO 

5197.1712.0191.10310 

NOTE: The wind directions are based on magnetic north which is 15.5° CCW from True North. 



WIND ROSE PLOT COMMENTS 

New Bedford Superfund Site 1996 On-Site Meteorological Data - Wind Speed 

NORTH . . > > 

PLOT YEARDATE-TIME 

1996 
Jam-Dec 31 
Midnight - 11 PM 

ORIENTATION 

Direction Wind Spead (Knots) 
\ (blowingfrom) 

DISPLAY 

Wind Speed 
17-21 

UNIT Vvir/ N •', * 11- 16 
Knots 

CALM WINDS 

0.37% 
;  N •'  ^ ^ i ^ >  '••• AVO. WIND SPEED 1 - 3 

7.5S Knots 
; E*ST ; 

4.19)01 , \ **MKy / / 
DATE 

MODELER 

J. Tsun 
/ 

COMPANY NOME 

FWENC 
/ 

PROJECT(PLOT NO. 

5197.1712.0191.10310 

JSOUTH „ . » - • " * " " 

Hm.07Wew3.TS4 

NOTE: The wind directions are based on magnetic north which is 15.5° CCW from True North. 



WIND ROSE PLOT COMMENTS 

New Bedford Superfund Site 1996 On-SHe Meteorological Data - Stability Class 

PLOT YEAR-OATE-TIME 
* * , - •" ' 1996 

Jan 1 - Dec 31 
Midnight 11 PM 

l 5 *\ >t ORIENTATION 

Direction Stability Class 
(blowing from) 

FDISPLAY 

Stability Classes 

UNIT 

N/A 
D.XM/> \ • 
E 

CAIM WINDS 
• D.37% 

AVGWINO SPEED A•7.55 Knots irutsfr ; [AST ; 

DATE 

4/19J01 

MODELER 

J . I SUM 

COMPANY NOME YJY 
FWENC 

PROJECT (PLOT NO. 

5197.1712.0191.10310 

I S O U T H . . • - ' ' ' 

WK. QTWew 3.7 5 byLstes fir i^amtertn f a m a e -wwv AM 

NOTE: The wind directions are based on magnetic north which is 15.5° CCW from True North. 

I 
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NEW BEDFORD HARBOR SUPERFUND SITE 

REPRESENTATIVE RECEPTOR LOCATIONS NEW BEDFORD, MASSACHUSETTS 
R = RESIDENTIAL LOCATION LOCATIONS OF 
C » COMMERCIAL LOCATION DISCRETE RECEPTORS FOR S = SCHOOL LOCATION 

AIR DISPERSION MODELING 
A HYPOTHETICAL CDF MONITORING STATION LOCATION 
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NEW ENGLAND TERC 

CADDFILE: AIR_SAMP_02.DWG 

i 



CADDFILE: AIR_SAMP_07.DWG 



LOCATIONS OF INTEREST 

Residential 

Schools
 

Commercial
 

. 

CDF C Monitors 

CDF D Monitors 

Receptor ID 
Rl
 
R2
 
R3
 
R4
 
R5
 
R6
 
R7
 
R8
 
R9
 

RIO
 
Rll
 
R12
 
R13
 
R14
 
R15
 
R16
 
R17
 
R18
 
R19
 
SI 
S2 
Cl 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 

CIO 
Cll 
C12 
CIS 
C14 
CIS 
C16 
C17 
CIS 
C19 
C20 
C21 
C22 
C23 
C24 
C25 

North Monitor
 
South Monitor
 
East Monitor
 
West Monitor
 
North Monitor
 
South Monitor
 
East Monitor
 
West Monitor
 

RECEPTORS 

UTM - East (m) 
340,729.0 
340,829.0 
340,229.0 
339,929.0 
340,829.0 
340,026.0 
340,017.0 
339,717.0 
339,922.0 
340,821.0 
340,821.0 
339,829.0 
339,653.0 
339,317.0 
339,525.0 
341,068.0 
341,146.0 
340,829.0 
340,610.0 

340,994.0 
341,227.0 

340,368.0 
340,129.0 
340,329.0 
340,229.0 
340,207.0 
339,929.0 
340,729.0 
340,029.0 
340,108.0 
340,150.0 
339,968.0 
340,040.0 
340,729.0 
340,659.0 
340,480.0 
339,816.0 
339,601.0 
339,714.0 
339,683.0 ' 
339,842.0 
339,875.0 
340,071.0 
340,472.0 
341,035.0 
340,987.0 
340,121.2 
340,198.0 
340,225.0 
340,122.2 
339,939.0 
339,935.0 
340,044.6 
339,829.4 

UTM - North (m) 

4,615,970.0 
4,615,570.0 
4,615,670.0 
4,614,470.0 
4,614,370.0 
4,614,034.0 
4,615,150.0 
4,613,331.0 
4,613,123.0 
4,613,530.0 
4,613,308.0 
4,612,907.0 
4,612,787.0 
4,612,216.0 
4,611,308.0 
4,611,732.0 
4,612,012.0 
4,612,325.0 
4,612,532.0 

4,613,123.0 
4,611,755.0 

4,615,610.0 
4,615,370.0 
4,615,270.0 
4,615,270.0 
4,615,128.0 
4,614,870.0 
4,614,970.0 
4,614,770.0 
4,614,508.0 
4,613,998.0 
4,613,442.0 
4,613,302.0 
4,613,570.0 
4,613,387.0 
4,613,325.0 
4,612,725.0 
4,612,517.0 
4,612,120.0 
4,611,735.0 
4,611,409.0 
4,611,283.0 
4,611,270.0 
4,611,472.0 
4,611,533.0 
4,611,985.0 

4,613,610.5 
4,613,225.0 
4,613,470.0 
4,613,427.5 
4,612,364.5 
4,611,906.0 
4,612,162.5 
4,612,161.5 
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New Bedford Harbor Air Dispersion Model Setup1 

Year Months % Dredge Operations Activity @ 
Location Source (Type) CDFC Source Type CDFD Source Type 

1 1-3 25.0% Zone 1 Grizzly (Point) Moon Pool (area) Fill Point None 
4-9 50.0% Zone 1 Grizzly (Point) Moon Pool (area) Cure Area Fill Point 

10-12 25.0% Zone 2 Grizzly (Point) Moon Pool (area) Cure Area Fill Point 
2 1-7 58.3% Zone 2 Grizzly (Point) Moon Pool (area) Cure Area Fill Point 

8-12 41.7% Zone 3 Grizzly (Point) Moon Pool (area) Cure Area Fill Point 
3 1-2 16.7% Zone 3 Grizzly (Point) Moon Pool (area) Cure Area Fill Point 

3-9 58.3% Zone 4 Grizzly (Point) Moon Pool (area) Cure Area Fill Point 
10-12 25.0% Zone 5 Grizzly (Point) Moon Pool (area) Cure Area Fill Point 

4 None Cure Area Cure Area 

Note: 
1 - 2 dredges will be operating at one time for years 1, 2 and 3. 

Modeling Scenarios 
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Model Input Parameters for Annual Emissions 
Yr Zone Sources Source 

Type 
Emissions UTM Point Source Parameters Area Source Parameters 

X 
(m) 

Y 
(m) 

Temp 
(oK) 

Vel 
(m/s) 

Dia 
(m) 

Rei Ht 
(m) 

X 
(m) 

Y 
(m)uglmin g/s glm2-s 

1 1 Dredging Point 9.20 1.53E-07 340,524.0 4,615,299.0 288 0.03 1.0 
2 Dredging Point 2.50 4.17E-08 340,331.0 4,614,649.0 288 0.03 1.0 
I Moon Pool Area 6.02E-09 340,524.0 4,615,299.0 13.00 13.00 
2 Moon Pool Area 1.64E-09 340,331.0 4,614,649.0 13.00 13.00 

CDFC Sheen Area 3.S0E-OS 340,175.0 4,613,466.0 2.0 13.63 13.63 
CDFC Near Sheen Area 2.07E-OS 340,175.0 4,613,466.0 2.0 14.30 14.30 
CDFD Sheen Area 1.07E-07 339,937.0 4,612,150.0 2.0 13.63 13.63 
CDFD Near Sheen Area 5.S4E-08 339,937.0 4,612,150.0 2.0 14.30 14.30 
CDFC Ponded Areapoly 3.97E-09 340,198.0 4,613,226.0 2.0 

340,240.0 4,613,355.0 
340,209.0 4,613,597.0 
340,173.0 4,613,608.0 
340,136.0 4,613,610.0 
340,060.0 4,613,600.0 

CDFD Ponded Areapoly 2.79E-09 339,827.0 4,611,910.0 2.0 
339,835.0 4,612,359.0 
340,043.0 4,612,367.0 
340,046.0 4,611,904.0 

Modeling Inputs - Year 1 
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Model Input Parameters for Annual Emissions 
Yr Zone Sources Source 

Type 
Emissions UTM Point Source Parameters Area Source Parameters 

X 
(m) 

Y 
(m) 

Temp 
(oK) 

Vel 
(m/s) 

Dia 
(m) 

Rei Ht 
(m) 

X 
(m) 

Y 
(m)uglmin gls glm2-s 

2 2 Dredging Point 5.84 9.73E-08 340,331.0 4,614,649.0 288 0.03 1.0 

3 Dredging Point 1.27 2.12E-08 340,379.0 4,614,046.0 288 0.03 1.0 

2 Moon Pool Area 3.83E-09 340,331.0 4,614,649.0 13.00 13.00 

3 Moon Pool Area 8.31E-I0 340,379.0 4,614,046.0 13.00 13.00 

CDFC Sheen Area O.OOE+OO 340,175.0 4,613,466.0 2.0 13.63 13.63 

CDFC Near Sheen Area O.OOE+OO 340,175.0 4,613,466.0 2.0 14.30 14.30 

CDFD Sheen Area 1.08E-07 339,937.0 4,612,150.0 2.0 13.63 13.63 

CDFD Near Sheen Area 5.89E-08 339,937.0 4,612,150.0 2.0 14.30 14.30 

CDFC Ponded Areapoly 3.97E-09 340,198.0 4,613,226.0 2.0 

340,240.0 4,613,355.0 

340,209.0 4,613,597.0 

340,173.0 4,613,608.0 

340,136.0 4,613,610.0 

340,060.0 4,613,600.0 

CDFD Ponded Areapoly 2.82E-09 339,827.0 4,611,910.0 2.0 

339,835.0 4,612,359.0 

340,043.0 4,612,367.0 

340,046.0 4,611,904.0 

Modeling Inputs - Year 2 

, , , , , , , , , I I I I I I 
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Model Input Parameters for Annual Emissions 
Yr Zone Sources Source 

Type 
Emissions UTM Point Source Parameters Area Source Parameters 

X 
(m) 

Y 
(m) 

Temp 
(oK) 

Vel 
(m/s) 

Dia 
(m) 

RelHt 
(m) 

X 
(m) 

Y 
(m)uglmin gls glm2-s 

3 3 Dredging Point 0.51 8.50E-09 340,379.0 4,614,046.0 288 0.03 1.0 

4 Dredging Point 0.61 1.02E-08 340,375.0 4,613,417.0 288 0.03 1.0 

5 Dredging Point 0.31 5.17E-09 340,189.0 4,612,435.0 288 0.03 1.0 

6 Dredging Point 0.15 2.48E-09 341,018.0 4,609,158.0 288 0.03 1.0 

3 Moon Pool Area 3.32E-I0 340,379.0 4,614,046.0 13.00 13.00 

4 Moon Pool Area 4.02E-1O 340,375.0 4,613,417.0 13.00 13.00 

5 Moon Pool Area 2.01E-I0 340,189.0 4,612,435.0 13.00 13.00 

6 Moon Pool Area 9.73E-l1 341,018.0 4,609,158.0 13.00 13.00 

CDFC Sheen Area O.OOE+OO 340,175.0 4,613,466.0 2.0 13.63 13.63 

CDFC Near Sheen Area O.OOE+OO 340,175.0 4,613,466.0 2.0 14.30 14.30 

CDFD Sheen Area 7.16E-08 339,937.0 4,612,150.0 2.0 13.63 13.63 

CDFD Near Sheen Area 3.91E-08 339,937.0 4,612,150.0 2.0 14.30 14.30 

CDFC Ponded Areapoly 3.97E-09 340,198.0 4,613,226.0 2.0 

340,240.0 4,613,355.0 

340,209.0 4,613,597.0 

340,173.0 4,613,608.0 

340,136.0 4,613,610.0 

340,060.0 4,613,600.0 

CDFD Ponded Areapoly 1.87E-09 339,827.0 4,611,910.0 2.0 

339,835.0 4,612,359.0 

340,043.0 4,612,367.0 

340,046.0 4,611,904.0 

Modeling Inputs - Year 3 



Model Input Parameters for Annual Emissions 
Yr Zone Sources Source 

Type 
Emissions UTM Point Source Parameters Area Source Parameters 

X 
(m) 

Y 
(m) 

Temp 
(oK) 

Vel 
(m/s) 

Dia 
(m) 

RelHt 
(m) 

X 
(m) 

Y 
(m)uglmin gls glm2-s 

4 CDFC Ponded Areapoly 3.97E-09 340,198.0 4,613,226.0 2.0 

340,240.0 4,613,355.0 

340,209.0 4,613,597.0 

340,173.0 4,613,608.0 

340,136.0 4,613,610.0 

340,060.0 4,613,600.0 

CDFD Ponded Areapoly 1.87E-09 339,827.0 4,611,910.0 2.0 

339,835.0 4,612,359.0 

340,043.0 4,612,367.0 

340,046.0 4,611,904.0 

Modeling Inputs - Year 4 
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Predicted .4/111ual Emissiolls for Yelll' I Redmedial Activities in Zon(? I lind 2 - 1996 MEl' Data 

Rural Dispersion Coefficient 
Sources Model Source ID Discrete Receptors Master Grid 

Predicted 
Cone 

(ng/ml) 

UTM Predicted 
Cone 

(ng/ml) 

UTM 
X 

-.Lm~ 

Y 
(m) 

X 
(m) 

Y 
(m) 

CDFC Near Sheen CDFCNS 1.216 340,225.03 4,613,470.00 0.615 340,213.50 4,613,559.50 
CDFC Ponded CDFCP 18.301 340,225.03 4,613,470.00 16.872 340,213.50 4,613,559.50 
CDFC Sheen CDFCS 1.941 340,225.03 4,613,470.00 0.992 340,213.50 4,613,559.50 
CDFD Near Sheen CDFDNS 0.853 340,044.63 4,612,162.50 0.404 339,831.34 4,612,127.00 
CDFD Ponded CDFDP 18.446 339,714.00 4,612,120.00 14.818 339,958.00 4,611,900.00 
CDFD Sheen CDFDS 1.372 340,044.63 4,612,162.50 0.662 339,831.34 4,612,127.00 
Dredging Zone I DRGZI 0.002 340,329.00 4,615,270.00 0.030 340,561.31 4,615,372.50 
Dredging Zone 2 DRGZ2 0.000 340,108.00 4,614,508.00 0.003 340,455.00 4,614,620.00 
Moon Pool Zone I MOONZI 0.013 340,329.00 4,615,270.00 0.295 340,561.31 4,615,372.50 
Moon Pool Zone 2 MOONZ2 0.003 340,108.00 4,614,508.00 0.020 340,455.00 4,614,620.00 
CDFC - Near Sheen, Sheen and Ponded CDFC 21.458 340,225.03 4,613,470.00 18.479 340,213.50 4,613,559.50 
CDFD - Near Sheen, Sheen and Ponded CDFD 20.671 340,044.63 4,612,162.50 15.617 339,831.34 4,612,127.00 
Dredge Zone I - Dredging and Moon Pool DZIT 0.015 340,329.00 4,615,270.00 0.325 340,561.31 4,615,372.50 
Dredge Zone 2 - Dredging and Moon Pool DZ2T 0.004 340,108.00 4,6 I 4,508.00 0.022 340,455.00 4,614,620.00 
ALL - CDFC, CDFD, Dredging & Moon Pool ALL 21.907 340,225.03 4,613,470.00 18.903 340,213.50 4,613,559.50 

Urban Dispersion Coefficient 

Sources Discrete Receptors Master Grid 
Predicted 

Cone 
(ng/ml) 

UTM Predicted 
Cone 

(ng/ml) 

UTM 
X 

(m) 

Y 

(m) 

X 

(m) 

Y 

(m) 
CDFC Near Sheen CDFCNS 0.717 340,225.03 4,613,470.00 0.288 340,225.03 4,613,470.00 
CDFC Ponded CDFCP 11.707 340,225.03 4,613,470.00 10.963 340,225.03 4,613,470.00 
CDFC Sheen CDFCS 1.140 340,225.03 4,613,470.00 0.463 340,225.03 4,613,470.00 
CDFD Near Sheen CDFDNS 0.365 340,044.63 4,6 I 2, 162.50 0.159 340,044.63 4,6 I 2, 162.50 
CDFD Ponded CDFDP 10.134 340,044.63 4,612,162.50 7.827 340,044.63 4,612,162.50 
CDFD Sheen CDFDS 0.586 340,044.63 4,612,162.50 0.260 340,044.63 4,612,162.50 
Dredging Zone I DRGZI 0.007 340,329.00 4,615,270.00 0.012 340,329.00 4,615,270.00 
Dredging Zone 2 DRGZ2 0.002 340,108.00 4,614,508.00 0.001 340,455.00 4,614,620.00 
Moon Pool Zone I MOONZI 0.005 340,329.00 4,615,270.00 0.107 340,329.00 4,6 I 5,270.00 
Moon Pool Zone 2 MOONZ2 0.001 340,108.00 4,614,508.00 0.007 340,455.00 4,614,620.00 
CDFC - Near Sheen, Sheen and Ponded CDFC 13.564 340,225.03 4,613,470.00 11.714 340,225.03 4,613,470.00 
CDFD - Near Sheen, Sheen and Ponded CDFD 11.085 340,044.63 4,612,162.50 8.120 340,044.63 4,612,162.50 
Dredge Zone I - Dredging and Moon Pool DZIT 0.005 340,329.00 4,615,270.00 0.119 340,329.00 4,615,270.00 
Dredge Zone 2 - Dredging and Moon Pool DZ2T 0.001 340,108.00 4,614,508.00 0.008 340,455.00 4,614,620.00 
ALL - CDFC, CDFD, Dredging & Moon Pool ALL 13.707 340,225.03 4,613,470.00 11.843 340,225.03 4,613,470.00 

Momhs 1-3: Dr~dging Znlle I, Fill cnrc 
Monihs 4-9: Dredging Zone I, Cure CDFC and Fill eDIT) 
Months 10-12: Dn::tlging Zone 2, CUTe CDFC (Uld Fill CDFD 

96 Appendix Tables.xls 
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Predicted A.llnual Emis.lioliS for Yt"Ul' 1 RedmedilllActivities in Zone 1 lind 2 - 1999 M£::1" Diltu 

Rural Dispersion Coefficient 
Sources Model Source ID Discrete ReceQtors Master Grid 

Predicted 
Conc 

(nglmJ) 

UTM Predicted 
Conc 

(nglmJ) 

UTM 
X 

_em) 

Y 

(m) 

X 

(m) 

Y 

(m) 
CDFC Near Sheen CDFCNS 1.265 340,225.03 4,613,470.00 0.567 340,213.50 4,613,559.50 
CDFC Ponded CDFCP 17.609 340,225.03 4,613,470.00 15.681 340,213.50 4,613,559.50 
CDFC Sheen CDFCS 2.005 340,225.03 4,613,470.00 0.916 340,213.50 4,613,559.50 
CDFD Near Sheen CDFDNS 0.834 340,044.63 4,612,162.50 0.362 339,830.06 4,612,159.00 
CDFD Ponded CDFDP 17.929 340,044.63 4,612,162.50 15.780 339,958.00 4,611,900.00 
CDFD Sheen CDFDS 1.342 340,044.63 4,612,162.50 0.591 339,830.06 4,612,159.00 
Dredging Zone 1 DRGZI 0.002 340,368.00 4,615,610.00 0.025 340,56\.31 4,615,372.50 
Dredging Zone 2 DRGZ2 0.000 340,108.00 4,614,508.00 0.003 340,455.00 4,614,620.00 
Moon Pool Zone 1 MOONZI 0.017 340,368.00 4,615,610.00 0.245 340,561.31 4,615,372.50 
Moon Pool Zone 2 MOONZ2 0.003 340,108.00 4,614,508.00 0.022 340,455.00 4,614,620.00 
CDFC - Near Sheen, Sheen and Ponded CDFC 20.879 340,225.03 4,613,470.00 17.164 340,213.50 4,613,559.50 
CDFD - Near Sheen, Sheen and Ponded CDFD 20.105 340,044.63 4,612,162.50 16.652 339,958.00 4,611,900.00 
Dredge Zone 1 - Dredging and Moon Pool DZIT 0.019 340,368.00 4,615,610.00 0.269 340,56\.31 4,615,372.50 
Dredge Zone 2 - Dredging and Moon Pool DZ2T 0.004 340,108.00 4,614,508.00 0.025 340,455.00 4,614,620.00 
ALL - CDFC, CDFD, Dredging & Moon Pool ALL 21.245 340,225.03 4,613,470.00 17.496 340,213.50 4,613,559.50 

Urban Di~ersion Coefficient 
Sources Discrete Receptors Master Grid 

Predicted 
Cone 

(nglml) 

UTM Predicted 
Conc 

(nglml) 

UTM 
X 

(m) 

Y 
(m) 

X 
(m) 

Y 
(m) 

CDFC Near Sheen CDFCNS 0.768 340,225.03 4,613,470.00 0.243 340,213.50 4,613,559.50 
CDFC Ponded CDFCP 11.246 340,225.03 4,613,470.00 10.287 340,213.50 4,613,559.50 
CDFC Sheen CDFCS 1.218 340,225.03 4,613,470.00 0.390 340,213.50 4,613,559.50 
CDFD Near Sheen CDFDNS 0.375 340,044.63 4,612,162.50 0.140 339,83 \.34 4,612,127.00 
CDFD Ponded CDFDP 9.818 340,044.63 4,612,162.50 8.300 339,958.00 4,611,900.00 
CDFD Sheen CDFDS 0.603 340,044.63 4,612,162.50 0.228 339,83 \.34 4,612,127.00 
Dredging Zone 1 DRGZI 0.001 340,329.00 4,615,270.00 0.010 340,561.50 4,615,372.50 
Dredging Zone 2 DRGZ2 0.000 340,108.00 4,614,508.00 0.001 340,455.00 4,614,620.00 
Moon Pool Zone 1 MOONZI 0.004 340,329.00 4,615,270.00 0.089 340,561.50 4,615,372.50 
Moon Pool Zone 2 MOONZ2 0.001 340,108.00 4,614,508.00 0.008 340,455.00 4,614,620.00 
CDFC - Near Sheen, Sheen and Ponded CDFC 13.232 340,225.03 4,613,470.00 10.920 340,213.50 4,613,559.50 
CDFD - Near Sheen, Sheen and Ponded CDFD 10.796 340,044.63 4,612,162.50 8.591 339,958.00 4,611,900.00 
Dredge Zone I - Dredging and Moon Pool DZIT 0.004 340,329.00 4,615,270.00 0.099 340,561.50 4,615,372.50 
Dredge Zone 2 • Dredging and Moon Pool DZ2T 0.001 340,108.00 4,614,508.00 0.009 340,455.00 4,614,620.00 
ALL - CDFC, CDFD, Dredging & Moon Pool ALL 13.359 340,225.03 4,613,470.00 11.036 340,213.50 4,613,559.50 

Months 1-3: Dredging Zonc I, Fill CDre 
Months 4-9: Drcdging Zone I, Cure CDr'C and Fill CDrD 
Months 10-12: Dn;dging ZOlle 2, Cllre CDFC ,Uld Fill CDFD 

• 
99 Appendix Tables.xls 

Results Yr 1 Ur vs Ru , , , , I I I I I • It r I I I 



• • I a a I I. I I. II I I I 

Predicted Annual Emissiolls/or Year 2 Redmedial Activities in Zone 2 alld 3 - 1996 IHET Data 

Rural Dispersion Coefficient 
Sources Model Source 10 Discrete Receptors Master Grid 

Predicted 
Conc 

(ng/m3) 

UTM Predicted 
Conc 

(ng/m3) 

UTM 
X 

(m) 

Y 

(m) 

X 

(m) 

Y 

(m) 
CDFC Ponded = CDFC CDFep 18.301 340,225.03 4,613,470.00 16.872 340,213.50 4,613,559.50 
CDFD Near Sheen CDFDNS 0.860 340,044.63 4,612,162.50 0.408 339,831.34 4,612,127.00 
CDFD Ponded CDFDP 18.644 340,044.63 4,612,162.50 14.978 339,958.00 4,611,900.00 
CDFD Sheen CDFDS 1.385 340,044.63 4,612,162.50 0.668 339,831.34 4,612,127.00 
Dredging Zone 2 DRGZ2 0.001 340,108.00 4,614,508.00 0.006 340,455.00 4,614,620.00 
Dredging Zone 3 DRGZ3 0.000 340,150.00 4,613,998.00 0.001 340,493.00 4,613,970.00 
Moon Pool Zone 2 MOONZ2 0.008 340,108.00 4,614,508.00 0.046 340,455.00 4,614,620.00 
Moon Pool Zone 3 MOONZ3 0.001 340,150.00 4,613,998.00 0.009 340,493.00 4,613,970.00 
CDFD - Near Sheen, Sheen and Ponded CDFD 20.839 340,044.63 4,612,162.50 15.784 339,958.00 4,611,900.00 
Dredge Zone 2 - Dredging and Moon Pool DZ2T 0.009 340,108.00 4,614,508.00 0.052 340,455.00 4,614,620.00 
Dredge Zone 3 - Dredging and Moon Pool DZ3T 0.002 340,150.00 4,613,998.00 0.010 340,493.00 4,613,970.00 
ALL - CDFC, CDFD, Dredging & Moon Pool ALL 21.145 340,044.63 4,612,162.50 17.302 340,213.50 4,613,559.50 

Months 1-7: Dredging Zone 2, Cure CDFC and Fill CDFD 

Months 8-12: Dredging Zone 3, Cure CDFe and Fill CDFD 
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Predicted Annual Emi5siollsjor Year 2 Redmedial Activities ill Zone 2 alld 3 - /999 iHET Data 

Rural Dispersion Coefficient 
Sources Model Source ID Discrete Receptors Master Grid 

Predicted 
Cone 

(ng/m3) 

UTM Predicted 
Cone 

(ng/m3) 

UTM 
X 

(m) 

Y 

(m) 

X 

(m) 

Y 

(m) 
CDFC Ponded = CDFC CDFCP 17.609 340,225.03 4,613,470.00 15.681 340,213.50 4,613,559.50 
CDFD Near Sheen CDFDNS 0.841 340,044.63 4,6 I 2, 162.50 0.365 339,830.06 4,612,159.00 
CDFD Ponded CDFDP 18.122 340,044.63 4,612,162.50 15.950 339,958.00 4,611,900.00 
CDFD Sheen CDFDS 1.354 340,044.63 4,612,162.50 0.596 339,830.06 4,612,159.00 
Dredging Zone 2 DRGZ2 0.001 340,108.00 4,614,508.00 0.007 340,455.00 4,614,620.00 
Dredging Zone 3 DRGZ3 0.000 340,044.63 4,612,162.50 0.001 340,493.00 4,613,970.00 
Moon Pool Zone 2 MOONZ2 0.008 340,108.00 4,614,508.00 0.052 340,455.00 4,614,620.00 
Moon Pool Zone 3 MOONZ3 0.001 340,044.63 4,612,162.50 0.009 340,516.00 4,614,040.00 
CDFD - Near Sheen, Sheen and Ponded CDFD 20.317 340,044.63 4,612,162.50 16.829 339,958.00 4,611,900.00 
Dredge Zone 2 - Dredging and Moon Pool DZ2T 0.009 340,108.00 4,614,508.00 0.059 340,455.00 4,614,620.00 
Dredge Zone 3 - Dredging and Moon Pool DZ3T 0.001 340,044.63 4,612,162.50 0.010 340,516.00 4,614,040.00 
ALL - CDFC, CDFD, Dredging & Moon Pool ALL 20.576 340,044.63 4,612,162.50 17.038 339,958.00 4,611,900.00 

Months 1-7: Dredging lone 2., Cure CDFC and Fill CDFD 

Months 8-12: Dredging Zone 3, Cure CDFC and Fill CDFD 
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Predicted Annual Emissionsfor Year 3 Redmedial Activities ill Zone 3,4, 5 lIlld fJ - 1996 MET Data 

Rural Dispersion Coefficient 
Sources Model Source ID Discrete Receptors Master Grid 

Predicted 
Conc 

(ng/m3
) 

UTM Predicted 
Conc 

(ng/m3
) 

UTM 
X 

(m) 

Y 

(m) 

X 

(m) 

Y 

(m) 
CDFC Ponded =CDFC CDFep 18.301 340,225.03 4,613,470.00 16.873 340,213.50 4,613,559.50 
CDFD Near Sheen CDFDNS 0.571 340,044.63 4,612,162.50 0.271 339,831.34 4,612,127.00 
CDFD Ponded CDFDP 12.363 340,044.63 4,612,162.50 9.932 339,958.00 4,611,900.00 
CDFD Sheen CDFDS 0.918 340,044.63 4,612,162.50 0.443 339,831.34 4,612,127.00 
CDFD - Near Sheen, Sheen and Ponded CDFD 13.853 340,044.63 4,612,162.50 10.467 339,958.00 4,611,900.00 
Dredging Zone 3 DRGZ3 0.000 340,150.00 4,613,998.00 0.001 340,493.00 4,613,970.00 
Dredging Zone 4 DRGZ4 0.001 340,480.00 4,613,325.00 0.000 340,490.00 4,613,290.00 
Dredging Zone 5 DRGZ5 0.000 340,044.63 4,612,162.50 0.000 340,265.00 4,612,560.00 
Dredging Zone 6 DRGZ6 0.000 341,035.00 4,611,533.00 0.000 340,829.00 4,608,670.00 
Moon Pool Zone 3 MOOMZ3 0.001 340,150.00 4,613,998.00 0.004 340,493.00 4,613,970.00 
Moon Pool Zone 4 MOONZ4 0.004 340,480.00 4,613,325.00 0.003 340,490.00 4,613,290.00 
Moon Pool Zone 5 MOONZ5 0.001 340,044.63 4,612,162.50 0.003 340,265.00 4,612,560.00 
Moon Pool Zone 6 MOONZ6 0.000 341,035.00 4,611,533.00 0.000 340,829.00 4,608,670.00 
Dredge Zone 3 - Dredging and Moon Pool DZ3T 0.001 340,150.00 4,613,998.00 0.004 340,493.00 4,613,970.00 
Dredge Zone 4 - Dredging and Moon Pool DZ4T 0.004 340,480.00 4,613,325.00 0.003 340,490.00 4,613,290.00 
Dredge Zone 5 - Dredging and Moon Pool DZ5T 0.000 340,044.63 4,612,162.50 0.003 340,265.00 4,612,560.00 
Dredge Zone 6 - Dredging and Moon Pool DZ6T 0.000 341,035.00 4,611,533.00 0.000 340,829.00 4,608,670.00 
ALL - CDFC, CDFD, Dredging & Moon Pool ALL 18.603 340,225.03 4,613,470.00 17.157 340,213.50 4,613,559.50 

Months 1-2: Dredging Zone 3. Cure CDFC and Fill CDFD 
Months 3-9: Dredging Zone 4, Cure cnrc and Fill CDFD 
['vtomhs 10-12: Dredging Zone 5 and 6, Cure CDrC and Fill CIJFD 
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Predicted Annual Emissions/or Year 3 Redmedial Activities ill ZOlle 3,4,5 flild 6 - 1999 iHET Data 

Rural Dispersion Coefficient 
Sources Model Source ID Discrete Receptors Master Grid 

Predicted 
Cone 

(ng/m3) 

UTM Predicted 
Cone 

(ng/m3) 

UTM 
X 

(m) 

Y 

(m) 

X 

(m) 

Y 

(m) 

CDFC Ponded = CDFC CDFCP 17,609 340,225,03 4,613,470,00 15,681 340,213,50 4,613,559,50 

CDFD Near Sheen CDFDNS 0.558 340,044,63 4,612,162,50 0.242 339,830,06 4,612,159,00 

CDFD Ponded CDFDP 12,017 340,044,63 4,612,162,50 10,577 339,958,00 4,611,900,00 

CDFD Sheen CDFDS 0,898 340,044,63 4,612,162,50 0,395 339,830,06 4,612,159,00 

CDFD - Near Sheen, Sheen and Ponded CDFD 13.473 340,044,63 4,612,162,50 11.160 339,958,00 4,611,900,00 

Dredging Zone 3 DRGZ3 0,000 340,044,63 4,612,162,50 0,000 339,830,06 4,612,159,00 

Dredging Zone 4 DRGZ4 0,001 340,480,00 4,613,325,00 0,000 340,490,00 4,613,290,00 

Dredging Zone 5 DRGZ5 0,000 340,044,63 4,612,162,50 
-

0,000 340,265,00 4,612,560,00 

Dredging Zone 6 DRGZ6 0,000 339,875,00 4,611,283,00 0,000 340,905.41 4,608,671.00 

Moon Pool Zone 3 MOOMZ3 0,001 340,225,03 4,613,470,00 0,004 340,516,00 4,614,040,00 

Moon Pool Zone 4 MOONZ4 0,004 340,480,00 4,613,325,00 0,003 340,490,00 4,613,290,00 

Moon Pool Zone 5 MOONZ5 0,001 340,044,63 4,612,162,50 0,002 340,265,00 4,612,560,00 

Moon Pool Zone 6 MOONZ6 0,000 339,875,00 4,611,283,00 0,000 340,905.41 4,608,671,00 

Dredge Zone 3 - Dredging and Moon Pool DZ3T 0,001 340,225,03 4,613,470,00 0,004 340,516,00 4,614,040,00 

Dredge Zone 4 - Dredging and Moon Pool DZ4T 0,004 340,480,00 4,613,325,00 0,003 340,490,00 4,613,290,00 

Dredge Zone 5 - Dredging and Moon Pool DZ5T 0,001 340,044,63 4,612,162,50 0,003 340,265,00 4,612,560,00 

Dredge Zone 6 - Dredging and Moon Pool DZ6T 0,000 339,875,00 4,611,283,00 0,000 340,905.41 4,608,671,00 

ALL - CDFC, CDFD, Dredging & Moon Pool ALL 15,164 340,225,03 4,613,470,00 15,903 340,213,50 4,613,559,50 

M.onths 1-2: Dredging Zone 3, Cure CDFC and Fill CDFD 
Months 3-9: Dredging Zone 4, Cure CDFC and Fill COrD 
Months 10-12: Dredging Zone 5 and 6, Cure CDFC and Fill CDFD 
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Predicted Annual Emissions/or Year 4 Redmedial Activities - 1996 iHET Data 

Rural Dispersion Coefficient 
Sources Model Source 1D Discrete Receptors Master Grid 

Predicted 
Cone 

(ng/m3) 

UTM Predicted 
Cone 

(ng/m3
) 

UTM 
X 

(m) 

Y 

(m) 

X 

(m) 

Y 

(m) 
CDFC - Ponded CDFep 18.301 340,225.03 4,613,470.00 16.872 340,213.50 4,613,559.50 
CDFD - Ponded CDFD 12.363 340,044.63 4,612,162.50 9.932 339,958.00 4,611,900.00 
ALL - CDFC and CDFD ALL 18.569 340,225.03 4,613,470.00 17.124 340,213.50 4,613,559.50 

Months 1-12: Cure CDFC and COFD 
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Predicted Annual Emissionsfor Year 4 Redmedial Activities - 1999 /l4E7 Data 

Rural Dispersion Coefficient 
Sources Model Source ID Discrete Receptors Master Grid 

Predicted 
Conc 

(ng/m3) 

UTM Predicted 
Cone 

(ng/m3) 

UTM 
X 

(m) 

Y 

(m) 

X 

(m) 

Y 

(m) 

CDFC - Ponded CDFCP 17.609 340,225.03 4,613,470.00 15.681 340,213.50 4,613,559.50 

CDFD - Ponded CDFD 12.017 340,044.63 4,612,162.50 10.577 339,958.00 4,611,900.00 

ALL - CDFC and CDFD ALL 17.828 340,225.03 4,613,470.00 15.879 340,213.50 4,613,559.50 

Months 1-12: Cure CDFC and CDFD 
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Figure H-1 

Levels of Airborne PCBs and Periods of Inhalation Exposure Associated with 


Adverse Human Health Effects and Reference Benchmark Concentrations 

(A through G refer to the studies listed in Table 6-1) 
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Figure H-2 

Conceptual Site Model for Potential PCB Inhalation Exposures 


from Sediment Remediation Operations 
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Figure 1-1 

Example Cumulative Exposure Budget 

For a Hypothetical Monitoring Station 
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Figure 1-2 

Establishing the Exposure Budgets for the CDF C Monitoring Stations: 


Three Principal Assumptions and Considerations 

(Total PCBs, 5-Year Project Duration, 1996 Site-Specific Meteorology) 
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Figure 1-3 

First Assumption for Protectiveness: 


Identifiying the Most Potentially Impacted Receptor Location Relative to the Monitoring Station 

(CDF C, East Monitoring Station, Total PCBs, 5-Year Project Duration, 1996 Meteorology) 
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Figure 1-4 

Second Assumption for Protectiveness: 


Accounting for Directional Aspects of Airborne Dispersion and Dilution 

(CDF C, Four Monitoring Stations, Total PCBs, 5-Year Project Duration, 1996 Meteorology) 
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Figure 1-5 

Third Assumption for Protectiveness: 


Reflecting Period of Operations with Highest Projected Impact 

(CDF C, West Monitoring Station, Total PCBs, 5-Year Project Duration, 1996 Meteorology) 
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Figure 1-6 

Proposed Exposure Budgets for the CDF C Monitoring Stations 


Oriented to the Four Primary Compass Points (N-S-E-W) 

(Total PCBs, 5-Year Project Duration) 
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Figure 1-7 

Proposed Exposure Budgets for the CDF C Monitoring Stations 


Oriented to the Four Primary Compass Points (N-S-E-W) 

(Total PCBs, 10-Year Project Duration) 


8,000,000 -r-----------------------------------. 

7,000,000 -l----------------------------~ 

~ 6,000,000 +---------------------------c""-------l 
~ / 
~ X 

,/ 

/
--7''''--/----

../'
/ 

// 
L 

Legend:~ 
~ / 

/ 

-e, 5,000,000 -l----------------------"L------------
~ / -+- North Monitoring Station (MIRL=C12) 
~ / 
~ --- South Monitoring Station (MIRL=C 12) 
~ 

West Monitoring Station (MIRL=R9) ~ 4,000,000 
= "'K- East Monitoring Station (MIRL=R9) a 
~ 

~ MIRL = Most Impacted Receptor Location 

;: 

~ 3,000,000 +------------~ 

:; ~ 

e 
u= 2,000,000 +---------+---~...:-~~---____c~:::::...-.--------____j 

1,000,000 +----"L---...~=---___:"......,,:::::...-.-----------------_l 

Beginning of End of Year 1 End of Year 2 End of Year 3 End of Year 4 End of Year 5 
Dredging 

Time Since the Beginning of Dredging 

°~=--------~---------_r_-----r_-----~-------___l 

1996 and 1999 Total PCBs CDF C-10 yr 



• • • • 

Figure 1-8 

Proposed Exposure Budgets for the CDF D Monitoring Stations 


Oriented to the Four Primary Compass Points (N-S-E-W) 

(Total PCBs, 5-Year Project Duration) 
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Figure 1-9 

Proposed Exposure Budgets for the CDF D Monitoring Stations 


Oriented to the Four Primary Compass Points (N-S-E-W) 

(Total PCBs, lO-Year Project Duration) 
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Table J-1 Calculation of Dispersion Factors for Total PCBs for the CDF C and D Monitoring Stations for Occupational Years 1-4 Using the 1996 Site-Specific Meteorology 

REPRESENTATIVE RECEPTOR 
LOCATIONS 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 

R10 
R11 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
S1 
S2 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 

C10 
C11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 

Projected Annual 
North

Average 
Monitoring

Concentration 
Station

Cug/mA3) 

Cua/mA3) 

0.013816 
0.000178 7784 
0.000187 73.74 
0.000237 58.26 
0.000533 25.90 
0.000475 29.07 
0.001192 11.59 
0.000307 45.03 
0.000989 13.97 
0.002022 6.83 
0.000731 18.90 
0.000828 16.70 
0.001792 7.71 
0.001327 10.41 
0.000597 23.16 
0.000953 14.49 
0.000433 31.92 
0.000404 34.19 
0.000613 22.53 
0.001047 13.20 
0.000628 22.00 
0.000363 38.05 
0.000256 53.94 
0.000273 5061 
0.000317 43.53 
0.000305 45.29 
0.000335 41.21 
0.000363 38.05 
0.000294 46.97 
0.000416 33.20 
0.000565 24.45 
0.001490 9.28 
0.002455 5.63 
0.004270 3.24 
0.000881 15.68 
0.001183 11.67 
0.002142 6.45 
0.002276 6.07 
0.001168 11.83 
0.003337 4.14 
0.002455 5.63 
0.001652 8.37 
0.001239 11.15 
0.000905 1526 
0.000710 19.47 
0.000404 34.20 
0.000501 2757 

Year 1 

South East 
Monitoring Monitoring 

Station Station 

(ug/mA3] (ug/mA3) 

0.008526 0.021907 
48.03 123.42 
45.51 116.93 
3595 92.38 
15.98 41.07 
17.94 46.10 
7.15 18.37 

27.79 71.39 
8.62 22.14 
4.22 10.83 
11.67 29.97 
10.30 2647 
4.76 12.23 
642 16.51 
14.29 36.72 
8.94 22.98 
19.70 50.61 
2110 54.21 
13.91 35.73 
8.14 20.93 

13.58 34.89 
23.48 60.33 
33.29 85.52 
31.23 80.25 
26.87 6903 
27.95 71.81 
2543 65.35 
23.48 60.33 
28.98 74.47 
20.49 52.64 
15.09 38.76 
5.72 14.71 
3.47 8.92 
2.00 5.13 
9.68 24.86 
7.20 18.51 
3.98 10.23 
3.75 9.63 
7.30 18.75 
2.56 6.57 
3.47 8.92 
5.16 13.26 
6.88 17.68 
9.42 24.20 
12.02 30.87 
21.11 54.23 
17.02 43.72 

Total PCBs 
CDF C 

Year 2 

West North South 
Monitoring 

Projected Annual Average 
Monitoring Monitoring 

Station 
Concentration Cug/mA 3) 

Station Station 

lug/mA3) (uQ/mA 3) (uQ/mA 3) 

0.015708 0.013254 0.008238 
88.50 0.000168 78.85 4901 
83.84 0.000172 77.00 47.86 
66.24 0.000227 58.51 36.37 
29.45 0.000512 25.91 16.10 
33.05 0.000458 28.96 18.00 
13.18 0.001132 11.71 7.28 
5119 0.000295 44.85 27.88 
15.88 0.000962 13.77 8.56 
7.77 0.001953 6.79 4.22 
2149 0.000703 18.84 11.71 
18.98 0.000794 16.69 10.38 
8.77 0.001758 7.54 4.69 
11.84 0.001312 10.10 6.28 
26.33 0.000590 2247 13.97 
1648 0.000953 1390 8.64 
36.29 0.000431 30.77 19.12 
38.87 0.000401 33.06 20.55 
25.62 0.000607 21.83 13.57 
15.01 0.001040 12.74 7.92 
25.02 0.000609 21.75 13.52 
43.26 0.000361 36.76 22.85 
61.32 0.000239 55.54 34.52 
57.54 0.000263 5042 31.34 
49.50 0.000295 45.00 27.97 
51.49 0.000290 45.67 28.39 
46.86 0.000320 4140 25.74 
43.26 0.000349 38.01 23.63 
5340 0.000277 47.88 29.76 
37.74 0.000400 33.16 20.61 
27.80 0.000544 24.37 15.15 
10.55 0.001413 9.38 5.83 
6.40 0.002336 5.67 3.53 
3.68 0.004030 3.29 2.04 
17.83 0.000844 15.71 9.77 
13.27 0.001123 11.81 7.34 
7.33 0.002024 6.55 4.07 
6.90 0.002255 5.88 3.65 

13.44 0.001157 1145 7.12 
4.71 0.003353 3.95 2.46 
6.40 0.002466 5.37 3.34 
9.51 0.001657 8.00 4.97 
12.68 0.001242 10.67 6.63 
17.35 0.000905 14.64 9.10 
22.14 0.000709 18.70 11.62 
38.89 0.000403 32.91 20.45 
31.35 0.000498 26.62 16.55 

East 
Monitoring 

Station 

(ua/mA3) 

0.018756 
111.58 
108.97 
82.81 
36.66 
40.98 
16.57 
6347 
19.49 
9.60 

26.66 
23.62 
10.67 
14.29 
31.80 
19.67 
43.54 
46.78 
30.90 
18.03 
30.78 
52.02 
78.60 
71.35 
63.68 
64.63 
58.59 
53.80 
67.76 
46.93 
34.49 
13.28 
8.03 
4.65 
22.23 
16.71 
9.27 
8.32 
16.21 
5.59 
7.60 
11.32 
15.10 
20.72 
26.47 
46.57 
37.68 

West 
Monitoring 

Station 

(uQ/mA 3) 

0.014532 
86.46 
84.43 
64.16 
28.41 
31.75 
12.84 
49.18 
15.10 
7.44 
20.66 
18.30 
8.27 
11.07 
24.64 
15.24 
33.74 
36.25 
23.94 
13.97 
23.85 
40.31 
60.90 
55.29 
49.34 
50.08 
45.40 
41.68 
52.50 
36.36 
26.72 
10.29 
6.22 
3.61 
17.23 
12.95 
7.18 
6.44 
12.56 
4.33 
5.89 
8.77 
11.70 
1606 
20.51 
36.08 
29.19 

NOTES: 
R = Residential Receptor 
C = Commercial Receptor 
S = School Receptor 

1996 Dfspersion Factors 
5130101 
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Table J-1 Calculation of Dispersion Factors for Total PCBs for the COF C and 0 Monitoring Stations for Occupational Years 1-4 Using the 1996 Site-Specific Meteorology 

Projected Annual Projact.-cl Annual
North South east Watt SOl.lth Eut WestNo rth 

A verage Average
Monitoring Monitoring Monitoring Monitoring Monitoring Monitoring Monitoring Monitoring

Concantratlon Concentration
SUtion SUtion SUtion Stat ion Stltlon Station Station Statlon

(ug/mA 3) (l.IgJm"3j 

REPRESENTATIVE RECEPTOR 

NOTES 
R • Residential Receptor 
C "Commercial Receptor 1_0i0~F~, S, " 1."'1 , , IJ , I I I I , , ,,;) 1 I 
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Table J-1 Calculation of Dispersion Factors for Total PCBs for the CDF C and D Monitoring Stations for Occupational Years 1-4 Using the 1996 Site-Specific Meteorology 

REPRESENTATIVE RECEPTOR 
LOCATIONS 

NOTES: 
R = Residential Receptor 
C = Commercial Receptor 
S = School Receptor 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RiO 
R11 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
51 
S2 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
C10 
C11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 

Projected Annual 
Average 

Concentration 
(ug/mA3) 

0.0001775 
0.0001874 
0.0002371 
0.0005335 
0.0004752 
0.0011922 
0.0003069 
0.0009893 
0.0020224 
0.0007309 
0.0008276 
0.0017916 
0.0013271 
0.0005965 
0.0009532 
0.0004329 
0.0004041 
0.0006132 
0.0010468 
0.0006279 
0.0003631 
0.0002562 
0.0002730 
0.0003174 
0.0003051 
0.0003352 
0.0003631 
0.0002942 
0.0004162 
0.0005651 
0.0014895 
0.0024552 
0.0042705 
0.0008811 
0.0011834 
0.0021424 
0.0022759 
0.0011684 
0.0033369 
0.0024546 
0.0016515 
0.0012393 
0.0009054 
0.0007096 
0.0004039 
0.0005010 

North 
Monitoring 

Station 

(uQ/mA3) 

0.01641 
92.43 
87.57 
69.19 
30.76 
34.52 
13.76 
53.47 
16.58 
8.11 

22.45 
19.83 
9.16 
12.36 
27.50 
17.21 
37.90 
40.60 
26.76 
15.67 
26.13 
45.19 
64.05 
60.10 
51.70 
53.78 
48.94 
45.18 
55.78 
39.42 
29.03 
11.01 
6.68 
3.84 
18.62 
13.86 
7.66 
7.21 
14.04 
4.92 
6.68 
9.93 

13.24 
18.12 
23.12 
40.62 
32.75 

Year 1 

South East 
Monitoring Monitoring 

Station Station 

jlJgImA3} iug/mA3l 

0.01656 0.02095 
93.29 118.01 
88.38 111.80 
69.82 88.33 
31.04 39.27 
34.84 44.08 
13.89 17.57 
53.96 68.26 
16.74 21.17 
8.19 10.36 

22.65 28.66 
20.01 25.31 
9.24 11.69 
12.48 15.78 
27.76 35.11 
17.37 21.98 
38.25 48.39 
40.98 51.83 
27.00 34.16 
15.82 20.01 
26.37 33.36 
45.60 57.69 
64.64 81.77 
60.65 76.73 
52.17 66.00 
54.28 68.66 
49.39 62.49 
45.60 57.68 
56.29 71.21 
39.79 50.33 
29.30 37.06 
11.12 14.06 
6.74 8.53 
3.88 4.90 

18.79 23.77 
13.99 17.70 
7.73 9.78 
7.28 9.20 
14.17 17.93 
4.96 6.28 
6.75 8.53 
10.03 12.68 
13.36 16.90 
18.29 23.14 
23.34 29.52 
40.99 51.86 
33.05 41.81 

Total PCBs 
COF 0 

West 
Projected Annual 

North 
Monitoring 

Average 
Monitoring

Concentration
Station 

(ug/mA3) 
Station 

(ug/mA31 (uQ/mA31 

0.01438 0.016551 
81.04 0.0001681 98.46 
76.78 0.0001721 96.16 
60.66 0.0002265 73.07 
26.96 0.0005116 32.35 
30.27 0.0004576 36.16 
12.06 0.0011321 14.62 
46.88 0.0002955 56.01 
14.54 0.0009623 17.20 
7.11 0.0019528 8.48 
19.68 0.0007034 23.53 
17.38 0.0007940 20.85 
8.03 0.0017578 9.42 
10.84 0.0013123 12.61 
24.11 0.0005898 28.06 
15.09 0.0009533 17.36 
33.23 0.0004308 38.42 
35.60 0.0004009 41.28 
23.46 0.0006070 27.27 
13.74 0.0010404 15.91 
22.91 0.0006093 27.16 
39.61 0.0003605 45.91 
56.15 0.0002386 69.35 
52.69 0.0002629 62.96 
45.32 0.0002945 56.19 
47.15 0.0002902 57.03 
42.91 0.0003201 51.70 
39.61 0.0003487 47.47 
48.90 0.0002768 59.79 
34.56 0.0003997 41.41 
25.45 0.0005438 30.43 
9.66 0.0014126 11.72 
5.86 0.0023364 7.08 
3.37 0.0040305 4.11 
16.33 0.0008436 19.62 
12.15 0.0011225 14.74 
6.71 0.0020242 8.18 
6.32 0.0022551 7.34 
12.31 0.0011574 14.30 
4.31 0.0033525 4.94 
5.86 0.0024663 6.71 
8.71 0.0016575 9.99 

11.61 0.0012420 13.33 
15.89 0.0009050 18.29 
20.27 0.0007087 23.35 
35.61 0.0004027 41.09 
28.71 0.0004978 33.25 

Year 2 

South East 
Monitoring Monitoring 

Station Station 

iu~mA3) J!lg/mA3L 

0.016717 0.021145 
99.45 125.80 
97.12 122.85 
73.81 93.35 
32.68 41.33 
36.53 46.20 
14.77 18.68 
5657 71.56 
17.37 21.97 
8.56 10.83 

23.76 30.06 
21.05 26.63 
9.51 12.03 

12.74 16.11 
28.34 35.85 
17.54 22.18 
38.81 49.09 
41.70 52.74 
27.54 34.84 
16.07 20.32 
27.44 34.70 
46.37 58.65 
70.05 88.61 
63.60 80.44 
56.76 71.79 
57.61 72.87 
5222 66.06 
47.95 60.65 
60.39 76.39 
41.83 52.91 
30.74 38.88 
11.83 14.97 
7.15 9.05 
4.15 5.25 
1982 25.07 
14.89 18.84 
8.26 10.45 
7.41 9.38 
14.44 18.27 
499 6.31 
6.78 8.57 
10.09 12.76 
13.46 17.02 
18.47 23.36 
23.59 29.84 
41.51 52.50 
33.58 42.48 

West 
Monitoring 

Station 

_(ug/mA3l 

0.014515 
86.35 
84.33 
64.08 
28.37 
31.72 
12.82 
49.12 
15.08 
7.43 
20.63 
18.28 
8.26 
11.06 
24.61 
15.23 
33.70 
36.20 
23.91 
13.95 
23.82 
40.26 
60.82 
55.22 
49.28 
50.02 
45.34 
41.63 
52.43 
36.32 
26.69 
10.27 
6.21 
3.60 
17.21 
12.93 
7.17 
6.44 
12.54 
4.33 
5.89 
8.76 

11.69 
16.04 
20.48 
36.04 
29.16 

1996 Dispersion Factors 
3 5130101 
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Table J-1 Calculation of Dispersion Factors for Total PCBs for the CDF C and D Monitoring Stations for Occupational Years 1-4 Using the 1996 Site-Specific Meteorology 

Total PCBs 
CDF 0 

Year 3 Year4 

Projected Annual 
Average 

Concentration 
(ug/mA 3) 

North 
Monitoring 

Station 

South 
Monitoring 

Station 

East 
Monitoring 

Station 

West 
Monitoring 

Station 

Projected Annual 
Average 

Concentration 
(ug/mA 3) 

North 
Monitoring 

Station 

South 
Monitoring 

Station 

East 
Monitoring 

Station 

West 
Monitoring 

Station 

tua/mA 31 tug/m A 31 tug/m A 31 tug/m A 31 (ug/mA 31 lua/mA 31 tug/mA 31 tua/mA 31 

REPRESENTATIVE RECEPTOR 
LOCATIONS 0.011090 0.011152 0.014108 0.009710 0.010273 0.010542 0.012618 0.009125 

R1 0.000136 81.52 81.97 103.70 71.37 0.000129 79.34 81.42 97.45 70.48 
R2 0.000141 78.93 79.37 100.41 69.10 0.000134 76.55 78.55 94.02 67.99 
R3 0.000185 59.92 60.25 76.23 52.46 0.000177 5812 59.64 71.39 51.63 
R4 0.000440 25.22 25.35 32.08 22.08 0.000425 24.16 24.79 29.67 21.46 
R5 0.000389 28.53 28.69 36.29 24.98 0.000374 27.45 28.17 33.72 24.38 
R6 0.001029 10.78 10.84 13.71 9.44 0.001008 10.19 10.46 12.52 9.06 
R7 0.000244 45.45 45.70 57.82 39.79 0.000234 43.97 45.12 54.01 39.06 
R8 0.000787 14.10 14.17 17.93 12.34 0.000750 13.69 14.05 16.82 12.16 
R9 0.001681 6.60 6.63 8.39 5.78 0.001626 6.32 6.49 7.76 5.61 

RiO 0.000594 18.67 18.77 23.75 16.35 0.000571 18.00 18.48 22.11 15.99 
R11 0.000672 16.50 16.59 20.99 14.44 0.000646 15.89 16.31 19.52 14.12 
R12 0.001370 8.10 8.14 10.30 7.09 0.001290 7.96 8.17 9.78 7.07 
R13 0.000982 11.29 11.35 14.36 9.88 0.000916 11.22 11.51 13.78 9.96 
R14 0.000440 25.23 25.37 32.10 22.09 0.000407 25.27 

16.86 
25.93 31.03 22.44 

R15 0.000669 16.57 16.66 21.08 1451 0.000609 17.30 20.71 14.98 
R16 0.000310 35.74 35.94 45.47 31.29 0.000285 36.11 37.05 44.35 32.07 
R17 0.000293 37.87 38.08 48.18 33.16 0.000269 38.19 39.19 46.91 33.92 
R18 0.000449 24.72 24.85 31.44 21.64 0.000414 24.79 25.44 30.45 22.02 
R19 0.000757 14.64 14.72 18.63 12.82 0.000696 14.77 15.15 18.14 13.12 
S1 0.000495 22.39 22.51 28.48 19.60 0.000473 21.73 22.30 26.69 19.31 
S2 0.000262 42.31 42.55 53.83 37.05 0.000243 42.22 43.33 51.86 37.51 
C1 0.000195 56.79 57.10 72.24 49.72 0.000187 55.07 56.51 67.64 48.92 
C2 0.000215 51.51 51.80 65.53 45.10 0.000206 49.91 51.22 61.31 44.34 
C3 0.000242 45.74 45.99 58.18 40.04 0.000232 44.22 45.38 54.32 39.28 
C4 0.000239 46.43 46.68 59.06 40.65 0.000229 44.88 46.06 55.13 39.87 
C5 0.000264 42.06 42.29 53.51 36.83 0.000253 40.61 41.67 49.88 36.07 
C6 0.000293 37.89 38.10 48.21 33.18 0.000281 36.55 37.50 44.89 32.46 
C7 0.000234 47.46 47.72 60.37 41.55 0.000226 45.52 46.71 55.91 40.44 
C8 0.000337 32.94 33.13 41.91 28.84 0.000324 31.72 32.55 38.96 28.18 
C9 0.000464 23.92 24.05 30.42 20.94 0.000449 22.90 23.50 28.13 20.35 
C10 0.001304 8.50 8.55 10.82 7.45 0.001281 8.02 8.23 9.85 7.12 
C11 0.002160 5.13 5.16 6.53 4.50 0.002123 4.84 4.97 5.94 4.30 
C12 0.003813 2.91 2.92 3.70 2.55 0.003768 2.73 2.80 3.35 2.42 
C13 0.000724 15.32 15.40 19.49 13.41 0.000698 14.71 15.09 18.07 13.07 
C14 0.000981 11.31 11.37 14.38 9.90 0.000950 10.81 11.10 13.28 9.61 
C15 0.001849 6.00 6.03 7.63 5.25 0.001806 5.69 5.84 6.99 5.05 
C16 0.001656 6.70 6.73 8.52 5.86 0.001533 6.70 6.88 8.23 5.95 
C17 0.000854 12.98 13.06 16.52 11.37 0.000799 12.86 13.20 15.80 11.43 
C18 0.002297 4.83 4.86 6.14 4.23 0.002088 4.92 5.05 6.04 4.37 
C19 0.001689 6.57 6.60 8.35 5.75 0.001545 6.65 6.83 8.17 5.91 
C20 0.001142 9.71 9.77 12.36 8.50 0.001045 9.83 10.09 12.07 8.73 
C21 0.000862 12.86 12.94 16.37 11.26 0.000790 13.00 13.34 15.97 11.55 
C22 0.000637 17.42 17.51 22.16 15.25 0.000587 17.50 17.96 21.50 15.55 
C23 0.000500 22.17 22.30 28.21 19.41 0.000460 22.31 22.90 27.41 19.82 
C24 0.000287 38.61 38.82 49.11 33.80 0.000264 38.90 39.92 47.79 34.56 
C25 0.000361 30.69 30.86 39.05 26.87 0.000331 31.02 31.83 38.11 27.56 

NOTES: 
R = Residential Receptor 
C =Commercial Receptor I 1996 Dispersin Fact~, S=I Race' , I I I I I I I 
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Table J-2 Calculation of Dispersion Factors for Total PCBs for the CDF C and D Monitoring Stations for Occupational Years 1-4 USing the 1999 Site-Specific Meteorology 

Total PCBs 
CDF C 

Year 1 Year 2 
Projected 

Annual 
Average 

Concentration 
lua/mA 31 

North 
Monitoring 

Station 

South 
Monitoring 

Station 

East 
Monitoril)g 

Station 

West 
Monitoring 

Station 

Projected 
Annual 
Average 

Concentration 
lua/m A 31 

North 
Monitoring 

Station 

South 
Monitoring 

Station 

East 
Monitoring 

Station 

West 
Monitoring 

Station 

lug/m A 3) (ug/m A 3) . (ug/mA 3) (ug/mA 3) lua/mA 31 Cua/mA 31 lua/mA 31 lua/m A 31 
REPRESEN'I A IIVI=. 

RECEPTOR LOCATIONS 0.012200 0.009432 0.021245 0.016416 0.011665 0.009107 0.017980 0.015306 
R1 0.000135 90.61 70.05 157.79 121.93 0.000127 92.06 71.88 141.90 120.79 
R2 0.000190 64.35 49.75 112.06 86.59 0.000173 67.58 52.77 104.17 88.68 
R3 0.000208 58.60 45.30 102.05 78.85 0.000197 59.32 46.31 91.43 77.83 
R4 0.000432 28.22 21.82 49.15 37.98 0.000416 28.01 21.87 43.17 36.75 
R5 0.000406 30.04 23.22 52.31 40.42 0.000392 29.79 23.26 45.92 39.09 
R6 0.000891 13.70 10.59 23.86 18.43 0.000849 13.73 10.72 21.17 18.02 
R7 0.000272 44.82 34.65 78.05 60.31 0.000265 44.08 34.41 67.94 57.83 
R8 0.000776 15.72 12.15 27.37 2115 0.000749 15.58 12.17 24.02 20.45 
R9 0.001957 6.23 4.82 10.85 8.39 0.001871 6.23 4.87 9.61 8.18 
R10 0.000661 18.46 14.27 32.14 24.84 0.000635 18.38 14.35 28.33 24.12 
R11 0.000792 15.40' 11.91 26.82 20.72 0.000753 15.50 12.10 23.89 20.33 
R12 0.001520 8.03 6.20 13.98 10.80 0.001484 7.86 6.14 12.11 10.31 
R13 0.001287 9.48 7.33 16.51 12.76 0.001268 9.20 7.18 14.18 12.07 
R14 0.000537 22.73 17.58 39.59 30.59 0.000528 22.08 17.24 34.03 28.97 
R15 0.000891 13.69 10.59 23.84 18.42 0.000891 13.10 10.23 20.19 17.19 
R16 0.000454 26.88 20.78 46.82 36.18 0.000451 25.84 20.18 39.84 33.91 
R17 0.000423 28.85 22.31 50.24 38.82 0.000419 27.84 21.73 42.91 36.52 
R18 0.000590 20.69 16.00 36.03 27.84 0.000583 20.00 15.61 30.83 26.24 
R19 0.000987 12.36 9.55 21.52 16.63 0.000976 11.95 9.33 18.41 15.68 
S1 0.000651 18.73 14.48 32.62 25.20 0.000633 18.42 14.38 28.39 24.17 
S2 0.000390 31.26 24.17 54.44 42.07 0.000388 30.05 23.47 46.32 39.44 
C1 0.000206 59.15 45.73 10300 79.59 0.000182 63.98 49.95 98.61 83.95 
C2 0.000251 48.56 37.54 84.56 65.34 0.000241 48.34 37.74 74.51 63.43 
C3 0.000244 49.94 38.61 86.97 67.20 0.000229 50.99 39.81 78.59 66.90 
C4 0.000261 46.70 36.10 81.32 62.84 0.000248 46.95 36.66 72.37 61.61 
C5 0.000295 41.35 31.97 72.01 55.64 0.000279 41.78 32.62 64.40 54.83 
C6 0.000295 41.40 32.00 72.09 55.70 0.000286 40.75 31.81 62.81 53.47 
C7 0.000290 42.06 32.51 73.24 56.59 0.000273 42.79 33.41 65.95 56.14 
C8 0.000352 34.71 26.83 60.44 46.70 0.000340 34.27 26.76 52.83 44.97 
Cg 0.000502 24.29 18.78 42.30 32.69 0.000484 24.10 18.82 37.15 31.62 

C10 0.001288 9.47 7.32 16.50 12.75 0.001216 9.59 7.49 14.79 12.59 
C11 0.002332 5.23 4.04 9.11 7.04 0.002261 5.16 4.03 7.95 6.77 
C12 0.004187 2.91 2.25 5.07 3.92 0.003903 2.99 2.33 4.61 3.92 
C13 0.000788 15.48 11.96 26.95 20.82 0.000748 15.59 12.17 24.02 20.45 
C14 0.001152 10.59 8.19 18.45 14.26 0.001080 10.80 8.43 16.65 14.17 
C15 0.002047 5.96 4.61 10.38 8.02 0.001931 6.04 4.72 9.31 7.92 
C16 0.001833 6.65 5.14 11.59 8.95 0.001814 6.43 5.02 9.91 8.44 
C17 0.001295 9.42 7.28 16.40 12.67 0.001288 9.06 7.07 13.96 11.88 
C18 0.003251 3.75 2.90 6.53 5.05 0.003268 3.57 2.79 5.50 4.68 
C19 0.002442 5.00 3.86 8.70 6.72 0.002453 4.76 3.71 7.33 6.24 
C20 0.001744 7.00 5.41 12.18 9.42 0.001749 6.67 5.21 10.28 8.75 
C21 0.001288 9.47 7.32 16.50 12.75 0.001290 9.04 7.06 13.94 11.86 
C22 0.001083 11.26 8.71 1961 1516 0.001085 10.75 839 16.57 1411 
C23 0.000777 15.70 12.13 27.33 21.12 0.000773 15.08 11.78 23.25 19.79 
C24 0.000400 30.53 23.60 53.17 41.08 0.000397 29.41 22.96 45.33 38.59 
C25 0.000525 23.26 17.98 40.51 31.30 0.000521 22.38 17.47 34.49 29.36 

NOTES: 
R = Residential Receptor 
C = Commercial Receptor 
S = School Receptor 

1999 Dispersion Factors 
5130101 
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Table J-2 Calculation of Dispersion Factors for Total PCBs for the CDF C and D Monitoring Stations for Occupational Years 1-4 Using the 1999 Site-Specific Meteorology 

Total PCBs 
CDF C 

Year3 Year4 
Projected Projected 

Annual North South East West Annual North South East West 
Average Monitoring Monitoring Monitoring Monitoring Average Monitoring Monitoring Monitoring Monitoring 

Concentration Station Station Station Station Concentration Station Station Station Station 
lua/m"31 (ulllm"3\ 

(ug/m"3) (ug/m"3) (uglm"3) (uglm"31 (ug/m"3) (uglm"3) (uglm"3) (ug/m"3) 
/,(~"'/'(~::I~I\II A IIV~ 

RECEPTOR LOCATIONS 0.011547 0.008930 0.017854 0.015164 0.011522 0.008894 0.017829 0.015134 
R1 0.000103 111.77 86.44 172.82 146.78 0.000099 116.82 90.18 180.76 153.44 
R2 0.000143 80.79 62.48 124.93 106.10 0.000137 84.16 64.97 130.23 110.55 
R3 0.000164 70.56 54.57 109.10 92.66 0.000157 73.39 56.65 113.56 96.40 
R4 0.000346 33.34 25.78 51.55 43.78 0.000332 34.74 26.82 53.76 45.63 
R5 0.000328 35.17 27.20 54.39 46.19 0.000315 36.59 28.24 56.62 48.06 
R6 0.000757 15.26 11.80 23.60 20.05 0.000737 15.64 12.07 24.19 20.54 

-~-.-,.--R7 0.000213 54.12 41.86 83.69 7108 0.000203 56.65 43.73 87.66 74.41 
R8 0.000626 18.45 14.27 28.53 24.23 0.000601 19.16 14.79 29.65 25.17 
R9 0.001622 7.12 5.50 11.01 9.35 0.001567 7.35 5.68 11.38 9.66 
R10 0.000544 21.21 16.40 32.79 27.85 0.000524 21.98 16.97 34.01 28.87 
R11 0.000654 17.64 13.64 27.28 23.17 0.000635 18.15 14.01 28.08 23.83 
R12 0.001186 9.73 7.53 15.05 12.78 0.001134 10.16 7.84 15.73 13.35 
R13 0.000956 12.08 9.35 18.69 15.87 0.000886 13.01 1004 20.13 1709 
R14 0.000399 28.96 22.39 44.77 38.03 0.000374 30.78 23.76 47.62 40.43 
R15 0.000627 18.41 14.24 28.47 2418 0.000577 19.98 15.43 30.92 26.25 
R16 0.000325 35.52 27.48 54.93 46.66 0.000300 38.43 29.66 59.46 50.48 
R17 0.000308 37.45 28.96 57.91 49.18 0.000283 40.69 31.41 62.96 53.45 
R18 0.000433 26.65 20.61 41.22 35.01 0.000399 28.90 22.31 44.73 37.97 
R19 0.000726 15.91 12.31 24.60 2090 0.000673 17.12 13.21 26.48 22.48 
S1 0.000514 22.46 17.37 34.73 29.50 0.000486 23.69 18.29 36.66 31.12 
S2 0.000280 41.19 31.85 63.69 54.09 0.000258 44.73 34.52 69.21 58.75 
C1 0.000150 76.95 59.51 118.98 101.06 0.000144 80.22 61.93 124.14 105.38 
C2 0.600201 57.47 44.45 88.87 75.48 0.000193 59.76 46.13 92.48 78.50 
C3 0.000189 61.02 47.19 94.36 80.14 0.000182 63.41 48.95 98.12 83.29 
C4 0.000209 55.30 42.77 85.51 72.63 0.000201 57.32 44.25 88.70 75.30 
C5 0.000235 49.09 37.97 75.91 64.48 0.000227 50.81 39.22 78.62 66.74 
C6 0.000230 50.19 38.81 77.60 65.91 0.000218 52.77 40.74 81.66 69.32 
C7 0.000229 50.45 39.02 78.00 66.25 0.000220 52.27 40.35 80.88 68.66 
C8 0.000280 41.17 31.84 63.65 54.06 0.000268 42.93 33.14 66.44 56.39 
C9 0.000415 27.83 21.52 43.03 36.54 0.000402 28.66 22.13 44.35 37.65 
C10 0.001129 10.22 7.91 15.81 13.43 0.001112 10.36 8.00 16.04 13.61 
C11 0.002095 5.51 4.26 8.52 7.24 0.002058 5.60 4.32 8.66 7.35 
C12 0.003719 3.10 2.40 4.80 4.08 0.003682 3.13 2.42 4.84 4.11 
C13 0.000653 17.68 13.67 27.33 23.21 0.000633 18.20 14.05 28.16 23.91 
C14 0.000966 11.96 9.25 18.49 15.70 0.000940 12.26 9.46 18.97 16.10 
C15 0.001787 6.46 5.00 9.99 8.49 0.001751 6.58 5.08 10.18 8.64 
C16 0.001354 8.53 6.60 13.19 11.20 0.001269 9.08 7.01 14.05 11.93 
C17 0.000935 12.35 9.55 19.09 16.22 0.000873 13.19 10.18 20.41 17.33 
C18 0.002238 5.16 3.99 7.98 6.78 0.002108 5.46 4.22 8.46 7.18 
C19 0.001681 6.87 5.31 10.62 9.02 0.001540 7.48 5.78 11.58 9.83 
C20 0.001208 9.56 7.39 14.78 12.55 0.001105 10.42 8.05 16.13 13.69 
C21 0.000897 12.88 9.96 19.91 16.91 0.000826 13.95 10.77 21.58 18.32 
C22 0.000765 15.30 11.83 23.65 20.09 0.000686 16.80 12.96 25.99 22.06 
C23 0.000557 20.74 16.04 32.08 27.24 0.000511 22.53 17.40 34.87 29.60 
C24 0.000288 40.06 30.99 61.95 5262 0.000266 43.30 33.42 67.00 56.87 
C25 0.000377 30.64 23.70 47.38 40.25 0.000342 33.73 26.04 52.20 44.31 

NOTES: 

R = Residential Receptor 

C = Commercial Receptor 1999 Dispersion Factors 

S =.~ , , Rec,.· , , , .~ , • ·"·11I r I r I I I I 
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Table J-2 Calculation of Dispersion Factors for Total PCBs for the CDF C and D Monitoring Stations for Occupational Years 1-4 Using the 1999 Site-Specific Meteorology 

Total PCBs 
CDF 0 

Year1 Year 2 
Projected 

Annual 
Average 

Concentration 
lug[mA~ 

North 
Monitoring 

Station 

South 
Monitoring 

Station 

East 
Monitoring 

Station 

West 
Monitoring 

Station 

Projected 
Annual 
Average 

Concentration 
IUlI/mA3l 

North 
Monitoring 

Station 

South 
Monitoring 

Station 

East 
Monitoring 

Station 

West 
Monitoring 

Station 

lug/mA3) lug/mA3) lug/mA3) lug/mA3) lug/mA3) lug/mA3) fUll/m A3) fug/m A31 
K~I'K~"'~N I A IIV~ 

RECEPTOR LOCATIONS 0.01465 0.01756 0.02038 0.01407 0.014773 0.017727 0.020576 0.014200 
R1 0.0001346 108.82 130.42 151.39 104.53 0.0001267 116.59 139.90 162.38 112.07 
R2 0.0001896 77.28 92.62 107.51 74.24 0.0001726 85.59 102.71 119.21 8227 
R3 0.0002082 70.38 84.34 97.91 67.60 0.0001967 75.12 90.14 104.63 72.21 
R4 0.0004323 33.90 40.62 47.15 32.56 0.0004165 35.47 42.56 49.41 34.10 
R5 0.0004062 36.07 43.23 50.19 34.65 0.0003916 37.73 45.27 5255 36.26 
R6 0.0008906 16.45 19.72 22.89 15.80 0.0008494 17.39 20.87 24.22 16.72 
R7 0.0002722 53.83 64.51 74.89 51.71 0.0002647 55.82 66.98 77.75 53.66 
R8 0.0007763 18.87 22.62 26.26 18.13 0.0007486 19.73 23.68 27.49 18.97 
R9 0.0019574 7.49 8.97 10.41 7.19 0.0018713 7.89 9.47 11.00 7.59 
R10 0.0006610 22.17 26.57 30.84 21.29 0.0006346 23.28 27.93 32.42 2238 
R11 0.0007922 18.49 22.17 25.73 17.77 0.0007527 19.63 23.55 27.34 1887 
R12 0.0015202 9.64 11.55 13.41 9.26 0.0014844 9.95 11.94 13.86 9.57 
R13 0.0012866 11.39 13.65 15.84 10.94 0.0012681 11.65 13.98 16.23 11.20 
R14 0.0005366 27.30 32.72 37.98 26.23 0.0005283 27.96 33.55 38.95 26.88 
R15 0.0008910 16.44 19.71 22.88 15.80 0.0008906 16.59 19.90 23.10 15.94 
R16 0.0004538 32.29 38.69 44.92 31.01 0.0004513 32.73 39.28 45.59 31.46 
R17 0.0004228 34.65 41.53 48.21 33.28 0.0004191 35.25 42.30 49.10 33.89 
R18 0.0005897 24.85 29.78 34.57 23.87 0.0005833 25.33 30.39 35.28 24.35 
R19 0.0009874 14.84 17.78 20.64 14.25 0.0009764 15.13 1816 21.07 14.54 
51 0.0006514 22.49 26.96 31.29 21.61 0.0006332 23.33 27.99 32.49 22.42 
52 0.0003903 37.54 45.00 52.23 36.06 0.0003881 38.06 45.67 53.01 36.59 
C1 0.0002063 71.04 85.13 98.82 68.24 0.0001823 81.02 97.22 112.85 77.88 
C2 0.0002513 58.32 69.89 81.13 56.02 0.0002413 61.22 73.46 85.27 58.85 
C3 0.0002443 59.98 71.88 83.44 57.61 0.0002288 64.57 77.49 89.94 62.07 
C4 0.0002612 56.09 67.22 78.02 53.87 0.0002484 59.46 71.36 82.82 57.16 
C5 0.0002950 49.66 59.52 69.09 47.70 0.0002792 52.92 6350 73.70 50.87 
C6 0.0002947 49.71 59.58 69.16 47.75 0.0002863 51.60 61.92 71.88 49.60 
C7 0.0002901 50.51 60.53 70.27 48.52 0.0002726 54.19 65.02 75.47 52.09 
C8 0.0003515 41.68 49.95 57.99 40.04 0.0003404 43.40 

30.52 
52.08 60.45 41.72 

C9 0.0005022 29.17 34.96 40.59 28.02 0.0004840 36.62 42.51 29.34 
C10 0.0012878 11.38 13.63 15.83 10.93 0.0012158 12.15 14.58 16.92 11.68 
C11 0.0023322 6.28 7.53 8.74 6.03 0.0022605 6.54 7.84 9.10 6.28 
C12 0.0041869 3.50 4.19 4.87 3.36 0.0039032 3.78 4.54 5.27 3.64 
C13 0.0007884 18.59 22.27 25.85 17.85 0.0007485 19.74 23.68 27.49 18.97 
C14 0.0011516 12.72 15.25 17.70 12.22 0.0010800 13.68 16.41 19.05 13.15 
C15 0.0020475 7.16 8.58 9.96 6.87 0.0019313 765 9.18 10.65 7.35 
C16 0.0018335 7.99 9.58 11.12 7.68 0.0018136 8.15 9.77 11.35 783 
C17 0.0012955 11.31 13.55 

5.40 
15.73 

---

6.27 
10.86 0.0012879 11.47 13.76 15.98 11.03 

C18 0.0032512 4.51 4.33 0.0032675 4.52 5.43 6.30 4.35 
C19 0.0024416 6.00 7.19 8.35 5.76 0.0024529 6.02 7.23 8.39 5.79 
C20 0.0017436 8.40 10.07 11.69 8.07 0.0017488 8.45 10.14 11.77 8.12 
C21 0.0012877 11.38 13.64 15.83 10.93 0.0012900 11.45 13.74 15.95 1101 
C22 0.0010832 13.53 16.21 18.82 12.99 0.0010851 13.61 16.34 18.96 13.09 
C23 0.0007773 18.85 22.59 26.22 18.11 0.0007734 19.10 22.92 26.60 18.36 
C24 0.0003996 36.67 43.95 51.01 35.22 0.0003967 37.24 44.69 51.87 3580 
C25 0.0005246 27.93 33.48 38.86 26.83 0.0005213 28.34 34.01 39.47 27.24 

NOTES: 
R = Residential Receptor 
C =Commercial Receptor 1999 Dispersion Factors 
S = School Receptor 3 5130101 
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Table J·2 Calculation of Dispersion Factors for Total PCBs for the CDF C and D Monitoring Stations for Occupational Years 1-4 Using the 1999 Site·Specific Meteorology 

Total PCBs 
CDF D 

Year 3 Year 4 
Projected 

Annual 
Average 

Concentration 
(u~/mA31 

North 
Monitoring 

Station 

South 
Monitoring 

Station 

East 
Monitoring 

Station 

West 
Monitoring 

StatiQn 

Projected 
Annual 
Average 

Concentration 
(u~/mA31 

North 
Monitoring 

Station 

South 
Monitoring 

Station 

East 
Monitoring 

Station 

West 
Monitoring 

Station 

lu~/mA31 lu~/mA3) lu~/mA31 lug/mA:D_ (ug/mA3) (ug/mA3) (ug/m A3) (ug/m A3) 
REPRESEN-, A "vt: 

RECEPTOR LOCATIONS 0.009923 0.011828 0.013732 0.009506 0.009136 0.011188 0.012275 0.008902 
R1 0.000103 96.05 114.49 132.92 92.01 0.000099 92.63 113.44 124.45 90.26 
R2 0.000143 69.43 82.76 96.08 66.51 0.000137 66.73 81.73 89.66 65.03 
R3 0.000164 60.63 72.28 83.91 58.09 0.000157 58.19 71.27 78.19 56.71 
R4 0.000346 28.65 34.15 39.65 27.44 0.000332 27.55 33.74 37.01 26.84 
R5 0.000328 30.23 36.03 41.83 28.96 0.000315 29.01 35.53 38.98 28.27 
R6 0.000757 13.12 15.64 18.15 12.57 0.000737 12.40 15.18 16.66 12.08 
R7 0.000213 46.51 55.44 64.37 44.56 0.000203 44.92 55.01 60.35 43.77 
R8 0.000626 15.86 18.90 21.94 15.19 0.000601 15.19 18.61 20.42 14.81 
R9 0.001622 6.12 7.29 8.46 5.86 0.001567 5.83 7.14 7.83 5.68 

R10 0.000544 18.22 21.72 25.22 17.46 0.000524 17.43 21.34 23.41 16.98 
R11 0.000654 15.16 18.07 20.98 14.52 0.000635 14.39 17.62 19.33 14.02 
R12 0.001186 8.36 9.97 11.57 8.01 0.001134 8.06 9.87 10.83 7.85 
R13 0.000956 10.38 12.38 14.37 9.95 0.000886 10.31 12.63 13.86 10.05 
R14 0.000399 24.88 29.66 34.44 23.84 0.000374 24.40 29.89 32.79 23.78 
R16 0.000627 15.82 18.86 21.90 15.16 0.000577 15.85 19.41 21.29 15.44 
R16 0.000325 30.53 36.39 42.25 29.25 0.000300 30.47 37.32 40.94 29.69 
R17 0.000308 32.18 38.36 44.54 30.83 0.000283 32.26 39.51 43.35 31.44 
R18 0:000433 22.91 27.30 31.70 21.94 0.000399 22.92 28.07 30.79 22.33 
R19 0.000726 13.67 16.30 18.92 13.10 0.000673 13.57 16.62 18.23 13.22 
S1 0.000514 19.30 23.01 26.71 

48.98 
18.49 0.000486 18.78 23.00 25.24 18.30 

S2 0.000280 35.39 42.19 33.91 0.000258 35.46 43.43 47.65 34.56 
C1 0.000150 66.12 78.82 91.51 63.35 0.000144 63.61 77.90 85.47 61.98 
C2 0.000201 49.39 58.88 68.35 47.32 0.000193 47.39 58.03 63.67 46.18 
C3 0.000189 52.44 62.51 72.57 50.24 0.000182 50.28 61.58 67.56 48.99 
C4 0.000209 47.52 56.65 65.77 45.53 0.000201 45.45 55.67 61.07 44.29 
C5 0.000235 42.19 50.29 58.39 40.42 0.000227 40.29 49.34 54.13 39.26 
C6 0.000230 43.13 51.41 59.68 41.32 0.000218 41.85 51.25 56.22 40.78 
C7 0.000229 43.35 51.68 59.99 41.53 0.000220 41.45 50.76 55.69 40.39 
C8 0.000280 35.38 42.17 48.96 33.89 0.000268 34.04 41.69 45.74 33.17 
C9 0.000415 23.91 28.50 33.09 22.91 0.000402 22.73 27.83 30.54 22.15 

C10 0.001129 8.79 10.47 12.16 8.42 0.001112 8.22 10.06 11.04 8.01 
C11 0.002095 4.74 5.65 6.55 4.54 0.002058 4.44 5.44 5.96 4.32 
C12 0.003719 2.67 3.18 3.69 2.56 0.003682 2.48 3.04 3.33 2.42 
C13 0.000653 15.19 18.11 21.02 14.55 0.000633 14.43 17.67 19.39 14.06 
C14 0.000966 10.27 12.25 14.22 9.84 0.000940 9.72 11.91 13.06 9.47 
C15 0.001787 5.55 6.62 7.69 5.32 0.001751 5.22 6.39 7.01 5.08 
C16 0.001354 7.33 8.74 10.14 7.02 0.001269 7.20 8.82 9.67 7.02 
C17 0.000935 10.61 12.65 14.69 10.17 0.000873 10.46 12.81 14.05 10.19 
C18 0.002238 4.43 5.29 6.14 4.25 0.002108 4.33 5.31 5.82 4.22 
C19 0.001681 5.90 7.04 8.17 5.65 0.001540 5.93 7.27 7.97 5.78 
C20 0.001208 8.21 9.79 11.37 7.87 0.001105 8.26 10.12 11.10 8.05 
C21 0.000897 11.06 13.19 15.31 10.60 0.000826 11.06 13.54 14.86 10.78 
C22 0.000755 13.15 15.67 18.19 12.59 0.000686 13.32 16.31 17.89 12.98 
C23 0.000667 17.83 21.25 24.67 17.08 0.000511 17.87 21.88 24.01 17.41 
C24 0.000288 34.43 41.04 47.65 32.98 0.000266 34.33 42.04 46.13 33.45 
C25 0.000377 26.33 31.39 36.44 25.23 0.000342 26.75 32.76 35.94 26.06 

NOTES: 
R =Residential Receptor 
C =Commercial Receptor 1999 Dispersion Factors 
5 =i~h~~1 RecerM .. '1

I I IJ , f I I I I I I I I 
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Table J-3 

Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Time: 18K Slte-Speclftc Meteorology 

Emissions: Tot .. PCS. 

Protect Duration: I·Y •• 

Yen: 1 
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Table J-3 

Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Time: 19K Site-Specilk Meleorology 
Emissions: Total PCB. 
Project Dunltlon: ••Y.... 
Year: :z 
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 5381
• '.26013 ...". 10.10 6632 
 9385 
 1107 
 7271
4J22 1261 
 8281 
 1274 
 • 365 
 f611 10580 
 1106 
 ".;)".014 ... ... 2247 
 1397 
 9202 
 20 952 
 2464 
 16234
"80 2606 
 16 488 
 2634 
 18674 
 3585 
 2461 
 16214
23620
" 605
015 ... ..•

, 
13.90 9160 
 5693 
 1967 
 12962 
 1524
'.64 10043 
 1736 
 11 438 
 1754 
 11553 
 2218 
 14613 
 10031
1523
016 ... 30.77 20 112 
 1912 
 12 500 
 4354 
 28461 
 3374 
 22052 
 3842 
 25115 
 3861 
 25367 
 4909 
 32086 
 3370 
 22025
017 ... 2.3

• 
3306 
 21731 
 2055 
 13 S07 4678 
 30753 
 3625 
 23827 
 4128 
 27137 
 4170 
 27 409 
 52,74 23798
34670 
 3620
011 O. 2183 
 14239 
 1357
7.' 8850 
 3090 
 20 lSI 2394 
 15613 
 2727 
 17781 
 2754 
 17960 
 3484 
 22717 
 23.91 15594


010 ... 12.7417 
 8187 
 792 
 506. 1803 
 11 586 
 1397 
 8977 
 1591 
 160i10223 
 10326 
 2032 
 13061 
 13.95 8'"51 
 ... 21.75 14261 
 1352 
 3078 
 20 182 
 15637
2385 
 2716
8.L~ 17809 
 2744 
 17988 
 34 70 
 22752 
 2382 
 15618
...52 
 2.2.. • 36.76 24168 
 15022
2285 
 5202 
 34202 
 26 500 
 4591 
 30180 
 46.37 30 484
<0" 5865 
 38558 
 <026 26 468

C1 171. 5554 
 94 886 
 34.52 58 978
"' 7860 
 134280 
 6090 
 104041 
 6935 
 116491 
 70 OS L1_96S2 8861 
 151383 
 6082 
 103915

C2 .. 50.42 88160 
 31.34 54797 
 7135 
 124762 
 5529 
 96 066 6296 
 110091
17" 6360 
 III 198 8044 
 96 549 
140652 
 5522

C3 ..1711 
 45.00 76881 
 47786
2797 
 lOB 799
6368 
 4934 
 84 298 
 5619 
 96006 
 5676 
 96 971 
 7179 
 84196
122657 
 4928

C4 1789 
 ..73 
 45.67 78350 
 ... 699
28.39 6483 
 110879 
 85910
so 08 5703 
 97841 
 5761 
 98824 
 7287 
 125001 
 so 02 85805
.1781
C' 41.40 70739 
 2574 
 43 96. 
 sa.59 100 lOB 45<0 77 565 
 51.70 88 337 
 5222 
 89225 
 6806 
 112659 
 4534 
 77 470 


1711
C' 16 
 38 01 67418 
 2363 
 41 904 
 5380 
 95 <08 4168 
 73922 
 4747 
 84189 
 4795 
 85035 
 6065 
 107559 
 4163 
 73833

C7 17.. 

.. " 
14 
 4788 
 52807
84,9S~ 29.76 6776 
 120232 
 52.SO 93156 
 5979 
 106 094 6039 
 7639 
 135545 
 5243 
 93 043!0}.J 61 
 . 1789 
 33.16C' 58 215 
 36184
2061 
 46.93 82384 
 3636 
 63831 
 4141 
 4183
__~ 7.V;i~_ 73~427 5291 
 63754
92876 
 3632


34-49
1711
C' 2437 
 42 9S4 60788 
 47 099 3043 
 53640 
 3074 
 54179 
 47041
3888 
 68 530 
 26.69IfJf--~e..99 
 26"C10 nil 16311 
 10138 
 1328
'38 23063 
 1029 
 17 685 
 1172 
 20368 
 1183 
 20573 
 1497 
 26022 
 1027 
 17863
.C11 1711 
 51 
 5.67 9816 
 6101
353 
 803 
 13892 
 10763
622 
 706 
 12258 
 7!5 12382 
 10750
15661 
 621
'OSC12 .. " 1711 
 329 
 5717 
 204 
 3553 
 3.61 6268 
 411 
 7139 
 415
'65 
" 

~,090 7211 
 525 
 9121 
 6261
360

C13 1711 
 1~,~~- 15.71 27800 
 977 
 39342
2223 
 1723 
 30 483 
 1962 
 34 7\6 1982 
 35065 
 2507 
 44 353 
 17.21 30 446

C1' 1789 
 20" 1181 
 20880 
 734 
 12978 
 16.71 29549 
 12.95 22895 
 14.74 26074 
 1489 
 26 337 
 1884 
 33313 
 12.93 22867

C16 1711 
 21

• 
6.55 11527 
 4.07 7165 
 927 
 18313 
 718 
 12639 
 14395
618 
 826 
 14539 
 1045 
 18391 
 12624
7.17

C18 nil 10476 
 6511
5." 365 
 832 
 14825 
 11487 
 734 
 13 OB2 741 
 13213
'44 938 
 16713 
 644 
 11473

C17 1711 
 11.45 20440 
 7.12 12705 
 1621 
 28926 
 22412
1256 
 1430 
 25525 
 1444 
 25781 
 18.27 12.5432610 
 22385
•C18 1711 
 3.95 7OS1 4382
2.46 9978
559 
 433 
 7731 
 494 
 8805 
 499 
 8893 
 631 
 11249 
 4.33 7722

C18 1711 
 537 
 9598
2.'

• 
334 
 5965 
 760 
 13582 
 10524
589 
 671 
 11985 
 678 
 12106 
 857 
 15312 
 10511
58'C20 1711 
 8.00 14261 
 497 
 8864 
 1132 
 15637
20 182 
 877 
 999 
 17 809 
 1009 
 17988 
 12.76 22753 
 15618
8.76•C21 1719 
 1067 
 19031 
 11829
663 
 15.10 26933 
 1170 
 20868 
 1333 
 23766 
 1346 
 24005 
 17.02 20842
30363
•C22 ..11'171t 1464 
 26031 
 910 
 16180 
 2072 
 26542
1606 
 32506 
 1847
360:'8 32833 
 2336 
 41530 
 1604 
 28508
",. "" C23 1719 
 1870 
 32700 
 1162 
 20325 
 2647 
 46276 
 35855
2051 
 2335 
 <0835 2359 
 41245 
 2984 
 52170 
 35811 
"' ...C24 1711 
 12

• 
3291 
 58462 
 2045 
 36338 
 4657 
 82734 
 3608 
 64102 
 4109 
 73005 
 4151 
 73739 
 5250 
 93271 
 64025
3604


C25 1711 
 2662 
 47483 
 1655 
 29 514 
 3768 
 67197 
 52065
2919 
 3325 
 59 295 
 3358 
 59692 
 42.48 75756 
 2916 
 52002

MlnimLm AIIow.bIe Conc.nlralion.t 

e.ch Monitorina Station lna/m~ 4423 
 1259 
 4849
274' 5523 
 5578 
 ....7056 


Represenl.Uve Receptor Locatton 
Reauirina Lowest Concentratton .S • S O._~9_ 

1996 Annual·5 yr 
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Table J-3 

Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Time: IBM Sile-5pctdflc Meteorology 
Emissions; Total PeaS 
Project Dunnion: I·V••, 
v....: J 

CDF C CDF 0 
ElSt Monltor!n Station We.tMonHorl StationNorth Monitorln Slatkin South Monitori Station West Monitor! Station North Manit Station South Monltorln Statton Elst Monitorln Stallon 

roleceptor.
ReeepOf· 

Sptlclflc
SpeclftcRI•• RI._..aased Risk-Based Risk..s.sed Rlsk-Sased Rlsk-Bued RIsk-&1lsedRisk-Base<l Rlsk·8ued 

a.Md Elposure Ann'" ConcentriltionConcentrolltlon Concenlration Corn::enlr..lion COflcenlr.Uon Concentration Coneenlfatkm ConcentrationDllpttI'slon Dispenion Dispersion Dispersion Cllpeflfo"Dlsp.uian Dispersion CIsp.nolonRepresent.ttv. Receptor lOClltlons Average PCB..... at Monitoring.t Monitoring II Monitoring Factor It MonitorIng at Monitoring Fac;tot at Monitoring .t Monitoring .. MonitoringFlelor.oct.. FltC::tor F~tor ."'..Background '''''' ConcentraUon Point (ng/m' ) POint (ngIm') Point (nglm~polnt(ngIm~ Point (ngJm~ Point (nglm~ Point (nglm~ P<»nt {ngIm~ 
(nglm~ 

Concentr.tlon 

,., 53_... 13673 89648 69158 8197 10370 71.3738706 10548 8152 53741 67990 467929631 5904" 146, 7937 10041 6910... 60768 37249 13239 86 273 51434 51717 65430 45 031R2 93.25 5716 10213 7893"'54... 41745 10051 6025 44 ......R3 70.80 25 588 59266 7754 45720 35333 35527 7623 5246 J093470 4340 5992 
21278 16444 2535 20919... HI 426 11 909 <230 27562 3263 2522 16535 3208 2208 1439729.79 18267.',.. 13381 4785 30 991 2869 24983371 21829 23 908 2853 18476 18578 3629 23504 1617612 3692 "' 

781
.. 1084... 4907 \1365 8767 1078 6776 1371 8619 .441273 8005 1808 1395 6613 5932 

4570 5782 3979... 75 24 47623 36736 26391 36116 24651.7 "38 5370 32.92 20562 5861 4545 28 54833'44., .,86 14171410 17.93... 10853 6653 2364 15408 1824 11 886 1234 .0421021 .23616"• 

." 
11.07 663 5470 5.763114 7212 680 4300 3764.. II• I 7.80 4323 "'"'.39'54 '564'080 "8 1677... 6770 3132 15670 2375 163514308 1352 20313 2416 18.61 12 \\0 12177 15405 1060211 2206'10 

1659 13654 1444 
1048 

12661 7773 18004 13889 1650 10733 10793 209918. I 1949 1195 2"67 2135 ."", J058146827 1030 6712 70913.58 810 5276957 6234 3821 88SO 4619I,'12 '86, "'.. 11358759 12435 146\ 9593 7414 9431 9881334 '36, 1894 1129 7455 649151. "36 
2537 3210 21149..• 19643 1828 12040 42.33 27887 3265 21513 16625 16717 2209 1455625 23'10 29"

."." 1451I... 7907 2780 18314 14126 1657 10919 21.08 13 89012900 1200 2144 16" 10979 9559'If '.', 35.9439189 45.47 29 721 3129..."" 42.23 27603 16920 30231 357. 23363 2349246252589 2045''IO ... 18029 6353 41757 3781 38.08 .. 16 31669 3316 21796404.75 29413 4901 32213 24 895 2503227431.'."." ., 
5995 .. 2485 3144 216419045 11674 27038 20858 16120 20506 1411318. 29.20 1790 3198 2472 16 2087.' 

1472 1863 11970 12.82... 11117 6815 2456 15783 12176 1464 941017JO 1060 1695 9461 8238 
51 
'10 ,....3755 16 ... 22.51 18673 19.6017 342 10630 24621 2897 2239 14679 12851 
.2 

II. "e 2645 1621 14759 
425520147 7098 .....2 35997 42.31 27819 5383 35 389 37.05 243561.2 4999 32867 54.15 27972H. 3064 
5710 7224 123428114634 70ltS7 162746 125 548 56.79 97025 4972 84946el ..10 6710 4113 9526 97560171' " ... 116546 5180 114578 4510106414 151077 6665 5151 6553 78855el 17lt 6086 3731 65229 .. 40 90068 90565 

e, 131068 101111 18139 4599 5616 99 403 4004 68412 
C4 

.. 92320 33.12 7672 591. 4574 78570171t 5404 56'90 
101319n.87 133594 103059 59.06 4065 697303362 60.08 ....43 79645 80084171t "66'7580"'00'48' 42.29 5351 91419 36 .384905 52044 7055 120540 5443 92989 71 863 62916e. "IO 49.70 4206 72 25930"171' 

3810 48.21 85493 33.1844n 79402 48671 63.56 112727 86962 3768 67205 58639e. 171t 27,44 4903 67576 
4772 60.37 107131 4\55 7373099498 3437 50 989 7960 1412S8 6141 108971 84214 84678"14 5607e7 171t " ... ., 884 3313 419168330 74636 57834 73572 

" 
28.84 

54544 
3892 97 009 4263 58153el 17lt '5,. 5063'"86 " ... 240549802 30527 70705 42152 3042 53623 2094 36905C. 17.. 2826 1732 4012 J095 239:2 42385 " 

855 74517469 10708 24801 19133 14786 14867 10821427 1101 12945elO 171. 50 10.OS 616 '.50 16"" 
11497 1130210497 14903 664 513 .885 8934 653 7779171. 58el1 6.07 372 '16 '50643' '61 

, 056 292 64325974 .481 5084 370 44211719 50 344 211 3662 376e12 654' 25''88 '91 
35075 1949 1341" 32025 1963\ 2569 45461 1982 15,32 27106 23732 

C14 
18.10 1109 27 256ell 1719 15"" 34 ...' 

113714483 1697 25877 1131 19998 1438 25440 .90 17 508 
CIS 

23627 819 33544 1463 201081781 1336 
17710 603 783 1343112474 75... 1006 776 13662 600 10558 9244 

C16 
709 4.34 106161789 21, '25 " 

l!'ill'1)1411)1 671H., 11.23 670 11915 5116 10 4494135 13644 20019 12001H.15 '5279' " 444 
1306 1652 29 ...3 113721363 16785 2176 38875 1680 29990 12.98 23176 20291 

CII 
Ill. 940 233044 1534C" 

81, 14 445 11143 4.83 8612 486 10955 423 7540 
C1t 

10175 6237 625 8659570 3.SO17lt 51' 
19675 660 1492213859 • 495 1102 650 15178 6.57 11730 11794 10270 

20 
776 4761719 1.' 

• 
'3' 57' 

977 123612547 29059 22417 971 17324 22039 .SO 1516820469 703 1257 ~7 420171. 11.48 "29•, 2,,09 1294 2918816611 2156 38486 16.371789 1665 29690 1286 22945 23071 1'.2S 20088C21 1520 932 
4Q 059 \751 221629.21 51927 1742 30 958 31128 39382 1525 27104 

Cll 
36576 1261 22420 2254Cll 1789 ..11 2058 

194\50 170 2230 2821 4932317,. 45806 1606 28079 3719 65034 2869 22.17 38172 339452620 38 98',,96 49.11115044 88749 3881 87251 33.6081034 49672 6476 3861 66567 60048C14 1788 456112
• 

49." 6696' 
54742 J086 3905 69638 47927 

MinimLm AUowabie Concentration at 
84676 91822 3972 70835 J069 550432223 39 64SC25 1711 36.26 " ... "''' 

1010 4300 6470eAch Monltorina StMkln ~~~ 3114 7212 432315" "" 
Repr.sentative Receptor LocMton 
Reauiri low.st Coneentratlon ., 

1996 Annual-5 yr 
5130/01 
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Table J-3 

Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Emissions: Total PCBs 
Protect DuraUon: I-Year 
Year: 4 

- _.  - - -

Representative Receptor Locations 

01 
~~ ~~ 

0' 
03 

~~-

O' 
O' 
O. 
07 
O' 
O. 
010 
011 
012 
013 
014 
015 
016 
017 
011 
01S 

" 52 
f---~ C1 

C' 
C3 
C' 
C' 
C' 
C7 
CI 

1 .~ 
C' 

"C10 
C11 

1--- C12 
eli·' 
C14 
C15 
C1I 
C17 
C1I 
C1I 
C20 
C21 
C22 
C23 
C24 
C20 

Minimum Allowable Concenl,Mton .t 

I!Kh Monitorina SlaUon ~~~ 
Reprelentoltive Receptor Loc.tton 
Requlrina Lowest Ccmeenlr"lon 

Receptor. 
Specifk Risk...... 

Elposure Point 
Cone.nf,ation 

{ogIm~.................................
II.... 
I..
.OO...............
.OO 

1711 
1781 
1781 
1719 
1719 
V~9 
1719 
1789 
1719 
Vl9 
1789 
17.. 
1789 
1791 
1789 
1789 
1719 
1799 
1719 
1789 
1719 
1789 
1719 
1719 
1789 

.... 

North Monitori~ ~I.J~~R;;::
Risk-Bolled

Annual 
Dispersion Concentration

Aver. PCB 
Background FActor 1M Monitoring 

ConcenlrMlon Point (nglm" , 
• ,., 95 66187

• 9739 OJ 465 
70 ---I? 95 '" 605
7.' ._ ~74 20046 
12 ~~:; ~~2621 
31 8154 

" --.~~- 34.'"

• 11351 

-.-~ - '04 5240 
11 2291 "-14859 

• 2022 13,156

• 1013 6600 
3 1427 9373 

'.1 3215 21179 ... 21.45 14133 

2!3--~ ~·:.rs 30026 
31941 

7.' 31.54 20570 
17 18.79 12073

• 2765 18130 

2.' 5372 35 319 .. 7007 119717 ... 6351 111 043.. 56.27 96'30 
73 5711 97970.. 5167 88 279 

" _ .":6·59_ ~2~465_1. 57.92 102781 
33 40.36 70 850 
21 29.'4 51 364.. 10.20 17735.. 616 10654 

_.. 50 '47 3~0&--10 1871 
20 13.76 24331 
21 72. 12743

• 653 15197

• 1637 29215

• 6,. 11 165 
2.5 846 15115

• 1251 22 J04

• '65<1 29 SO, 
11 2227 39588 ... 28.39 49642 
12 49 SO 87938

• 3947 70400 

52.. 

O. 

.. 

COFC 
Sout!:!~~i!!9.S~~tion En! Monitor," Station West Moni!0rJng St.U~~ 

Risk..a.sed Risk·Sued Rlsk·Based 

Dispersion Concentr"hon DIspersion Concentr.tion Dispersion Concentration 
Factor at Monitoring 'oct.. ,I Monitoring FiliclOt a' MOnitoring 

PornC(rtglmJ, Point (ngl'm'l Pomt(ngfm'l 

6170 ,,)451 143 41 ... ,," 11053 72467 
5952 387as ,,. 36 90 159 '00 OJ 69,466 
<1520 26650 '0500 61 946 809i 47742 
18.79 12251 4367 28477 3365 21~7 

~ . 

2135 13825 ~:-~ 32135 ,." 24,767. 
7., 498' 11583 

!~~~ ~92~~ -~--3419 21.358 7.... 49644 
1065 6937 2474 16125 1907 12428 
491 '202 1142 7444 6ao 5737

14" '08' 3254 21 109 2506 l:~~~1236 6,"'" 2872 18689 22.14 
61. 4034 1439 9377 1109 7227 
6" 5728 2028 13315 1563 10262 
1965 12 944 <1567 30088 3520 23189 
13.11 6638 3047 20077 2349 1~~
2608 16352 652" 42657 SO.3O r----~l...877 
2970 19521 6903 45 376 5320 34971 
1928 12572 4'" 29222 3<153 22521 

~ . 
"48 7379 ,.59 17151 2057 

-~ 
13,219 

1690 11080 3928 2?J~ 3028- 19,850 
3283 21 586 '--f6~32 50 174 5862 38670 
4283 73167 9954 170070 7672 131075 

"61 67865 9022 157748 6953 121578 
3439 58751 7993 136563 61.60 105250 
3490 59876 81.13 139177 62.53 ..~ 
3158 53 OS, 7340 125410 ~¥,-~655 
;:~-~~~~ --6600 117 ISO 90268 

8228 146012 6342 112533-
2467 4330' 5733 '00 650 44.19 77572 
1781 31392 "40 . ~. Z~,~8 -'-' 3191 56L2~7 
623 10639 1449 25195 1117 194HI 
376 6511 675 15135 6" 11665 
212 ~~~!!-

..., 6568 '60 660' 
"44 2ti.59 47 045 2049 36258 
6" 14870 19.54 34565 1500 26640 
442 7788 1028 18103 7.93 13952 
521 "88 1211 21588 ." 16638 
1000 17855 23.25 41503 1792 31987 

J6' 6823 6.89 15660 665 12224 
517 ~37 1202 21472 9.27 16549 
764 13632 1777 31 685 1369 24420 
1011 18030 2350 41910 1811 32300 
13.61 24195 3164 56239 2438 ,,'44 
17.35 30'40 4033 70522 3108 54352 
3025 53744 7032 124925 5420 96281 
2412 43026 5608 100011 4322 77079 

3.l.?!~ 7.... 6737 

01 O. O. 

CDF 0 
~~onllor'n Slal;o" 5ou1h Monltorin Station East Monltori" St .. hon 

Risk-Based Risk-Based Risk-Bued 
Dispersion Concentration Dispersion Concenlr.tion DisperSion Coneentritlon 

Factor al MOnitOring Factor at Monitoring Fac::tor at MonItoring 

Point (nglm'l Polnl(ngJrnJ) Point (nglm~ 

7934 52020 8142 53= 97<15 63894 
7655 49,880 7855 51184 9402 61 266 
?81I._ ..- 34271 5964 35167 7139 

" 0952416 _ 1?...755 ___ 
~~ 

2479 16167 2967 19351 

. 27<15 .. 17~779 28.17 18244 3372 21837 
1019 6408 1046 6576 1252 7871 
4397 27 465 <15'2 28184 5401 ]3735 
1369 8921 14.05 9154 16132 10957 
6.32 

~ . _~118 649 ",. 776 ,056 
~~ 

11678 1648 11984 22.11 14344 
10340 1631 10610 1952 12700 

796 "86 817 5323 ." 6372 
1122 7366 1151 755 • 1378 9048 
2527 16646 2593 17081 31.03 20 .... 

t--j:~ _~IQ8 1730 11398 2071 13643 
23 600 3705 24217 4435 26987 

3819 25104 3919 25760 4691 J0634 
2479 16167 2544 16590 30<15 19857 
1477 .... ISIS 9737 18.14 I 1655 
217J 14249 2230 14622 ,.59 17502 

~ ~~ 

4222 27 75~t "'33 28485 5186 34095 
5507•. "'09' 5651 96551 6764 115569 
4991 87274 5122 69556 61.31 107196 
4422 75553 45.38 77529 5432 92600 
4486 76999 4606 79013 55.13 94576 

- 46-61 59J8J 4167 71197 4986 85221 
3655 64813 37 SO 66S07 4469 79 608 
<1552 80781 4671 82893 "91 99"" 
3172 55685 32.55 57141 3696 68'96 
2290 ~~:--.- 23.50 41425 2813 49585 
.02 62' 14303 '.65 17121 
484 8373 ...7 8592 594 10285 
273 "40 280 4664 335 5622 
14'fl"· 26027 15.09 26708 1607 31969 
10al 19123 1110 19623 1328 23486 
56' 10015 5.64 699 12302 
670 " .... 688 623 14670 
1286 22962 13.20 1580 28203 
492 8775 505 604 10778 
665 11879 66' 617 14591
.53 17530 1009 1207 21531 
1300 23186 13.34 1597 28479 
17 SO 31114 17.96 21 SO 38217 
2231 39016 22.90 2741 47922 
3690 69114 3992 4779 64891 
3102 55331 3183 36" 67961 

.118 4221 5058 

R. O. O' 

West Monitorin Station 

Risk-Sued 
Dispersion Concentration 

Faclor at Monitoring 

POInt (ngJm~ 

70'" 46 207 
67.99 44307 
51.63 30 442 
2146 13994 
2438 15792 
'00 5592 
"00 24397 
1216 7924 
561 '668 
1599 10374 
1412 .'64 
707 4608 
9.96 654J 
2244 14786 

"98 .867 
3207 20963 
3392 22 299 
2202 14361 
1312 6429 
1931 12657 
3751 24657 
4892 83578 
4434 77523 
3928 67112 
3987 68'96 
3607 61631 
3246 57571 
4044 71755 
2818 49 46' 
20 J5 35859 
712 12382 
430 74J8 
242 4211 
1307 23119 
9.61 16987 
505 6696 
595 10609 

"'" 20'96 
437 7794 
591 10552 
67' 15571 

11.55 20596 
1555 27638 
1982 34657 
3456 61392 
2756 49149 

385' 

o. 

1996 Annual-5 yr 

, , , , , , , , , , ,
J It If f I 

5/30/01 
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Table J-4 
Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and D Monitoring Stations 

Time: 1999 Slte-Speclfic Meteorology 
Emissions: Tobl PCBs 
Project Our.llon: I·Y••, 
Yell: 1 

Representative Receptor locations 

R1 
R2 
R3 
R4 
R. 

R' 
RT 
R. 

R' 
RlO 
R11 
R12 
R13 
R14 
R10 
R1I 
R17 
RlI 
R1J., 
$2 

C1 
C2 
C3 
C4 

C' 
C' 
C7 

C' 
C' 
ClO 
Cll 
C12 
C13 
C14 
ClI 
CII 
C17 
ClI 
C1J 
C20 
C%1 
C22 
C23 
C24 
C2I 

Minimum Allowab.. Concentr.tion .t eat 

Monitonng $t.tlon {nglmJ 

Represent.tin Receptor Loution 
Requiring Lo_sf Concentrltion 

Rleeplor. 
Specllk Risk· 

Sued exposun 
Point 

Concentration 

("Im~
.ID
II..........
II.... 
"'...............
II.......
II....
II.
II.... 

1711 
1711 
1711 
1711 
1711 
1 rlt 
1781 
1781 
1781 
1711 
1781 
1781 
1781 
081 
1781 
171t 
Olt 
Oil 
1711 
1719 
nil 
1711 
1119 
1711 
t71t 

North Monitorln Station 
Receptor. 
Specinc 

Rlsk.a..ed 
........1 

DlspenlGn Conelnlr.Uon
Average PCB 

FletDf .t Monitoring
Blckground 

p'olnt(nglml ,Con<;entrltlon, 
4 9061 59410

• 6435 41933 
70 58.SO 34554 

T.' 2822 18406 
12 3004 19454 
31 13.70 e612 

" 4482 27998

• 1572 10241 
I 8.23 4062 
11 1846 11972

• 15.40 10020

• 803 5230 
3 9.48 6226 ... 22.73 14978 ... 1369 9021

• 2688 17573 
2.3 2865 Ie 966,. 20.69 13493 
17 12.36 7941 
4 18.73 12260 

2.2 "'" 20553.. 5915 101057.. 4856 84904 
10 49.904 e5325 
73 4670 e0116 
10 41.35 70651 

" .. '" 73416 
14 42.06 74632 

" 3471 60930 

" 24.29 42815 
8. 947 16470.. 523 9053 

50 291 5066 
11 1548 27384 

20 1059 te736 
21 596 10490 

• 6.65 11861 

4 9.42 16811

• 3.75 6693 

2.' 5.00 e924

• 7.00 12479 

• 947 lB897 

11 11 26 20020.. l570 27445 

12 30 53 5424'

• 232< 41485 

4061 

R' 

COFe 
South Monitorin Station Ent MOnitorln StaUon 

Risk-Bned Risk-Bued 

Dispersion Concenlr.tton Dispersion Concenlralion 
Factor at Monitoring Factor .t Monitoring 

Point (ngIm3) Point (nglml) 

70.05 45928 15779 103454 
49.75 32418 11206 73021 
4530 26713 10205 60171 
2162 14229 4915 32052 
2322 15040 5231 33877 
1059 6658 2386 14996 
3465 21645 78.05 48754 
1215 7917 2737 17833 
48 3140 10.85 7073 
1427 9255 3214 20648 
1191 7746 2682 17448 
620 4043 1398 9107 
733 4813 16.51 10842 
1758 11579 3959 26083 
1059 6974 2384 15709 
2078 13585 46.82 30601 
2231 14662 5024 33027 
1600 10431 3603 23497 
955 6139 2152 13828 
1448 9494 3262 21384 
2417 15889 5444 35791 
4573 78125 103.00 175978 
3754 65637 8456 '047849 
3861 65963 8697 148582 
3610 61936 8132 139511 
3197 54619 7201 123029 
3200 56756 7209 127844 
3251 57697 7324 129962 
2683 47104 6044 106101 
18.78 33099 42.30 74556 
732 12732 1650 28679 

'0' 8998 9.11 15764 

2.25 3916 507 8622 
1196 21170 26.95 47685 
.19 14484 1845 32626 
461 8110 10.38 18267 
514 9169 11 59 20654 
728 12996 '640 29274 
290 5174 6.53 11 654 
386 6899 870 15541 
541 9647 1218 21731 
732 130£3 1B.50 29424
.71 15477 1961 34862 
1213 21217 2733 47792 
2360 41933 5317 94454 
1798 32071 4051 72241 

3'40 7073 

R. R' 

West Monitorm Stalion North Momtorin St.tlon 

Risk-Buid Risk-Bued 
a'splHslon Concentration Olsperslon Concentration 

F.ctor at Monitoring Factor at Monitoring 

Point ("91m 3 
) Pointlnglm l) 

12193 79941 108.82 71348 
8659 56425 77 28 50360 
7885 46495 7038 41497 
3796 24 767 33'" 22105 
4042 26177 3607 23363 
1643 11568 1645 10342 
6031 37673 5383 33624 
2115 13760 1887 12299 
8.39 5465 749 4878 
2484 16109 2217 14378 
20 72 134t!3 1849 12033 
1080 7037 96' 6281 
1276 e378 1139 7478 
3059 20155 2730 17988 
18.42 12136 '644 10634 
3618 23646 3229 21104 
3882 25521 3465 22777 
2764 18156 2485 16205 
1663 10685 1484 9536 
2520 16524 2249 14748 
42.07 27656 3754 204683 
7959 135981 71 04 121364 
6534 114245 5832 101965 
6720 114812 5998 102471 
62e4 107803 5609 96215 
5564 95066 4966 84848 
5570 98787 4971 88166 
5659 100 424 5051 89629 
4670 81986 4168 73174 
3269 57611 2917 51418 
1275 22161 1138 19779 
70' 12181 628 10672 
392 6817 350 6084 

2062 36847 1859 32686 
1426 25211 1272 22501 
802 14116 ". 12598 
095 15960 799 14244 
1267 22620 1131 20189 
505 9006 45' 6038 
672 12009 600 10716 
942 16792 840 14967 
1275 22737 1138 20293 
1516 26939 1353 24043 
2112 36929 1!!!!5 32960 
4108 72986 3667 6514\ 
3130 55822 2793 49822 

5465 4871 

R. R. 

COF 0 
South Monitorin Station Eni Monilorl St.llon 

Risk-Bued Rillk-Based 

Oilip.rsla" Concentration Dispersion Cone.nlt.rion 
Fillctor .t Monitoring Flctor It Monitoring 

Point (ngInl J
) Point fnglml ) 

13042 85508 15139 99256 
9262 60354 107.51 70058 
8434 49733 9791 57729 
4062 26492 4715 30751 
4323 28000 5019 32502 
1972 12395 2289 14388 
8451 40297 7489 46776 
2262 14740 2626 17110 
897 5840 1041 8786 
2657 17231 3084 20002 
2217 14421 25.73 16740 
1155 7527 13.41 8738 
1365 8962 1584 10402 
3272 21558 3798 25024 
1971 12984 2288 15071 
38.69 25292 4492 29359 
41.53 27298 4821 31687 
2978 19421 3457 22543 
1778 11429 2064 13266 
2696 17675 3129 20517 
45.00 29582 5223 34338 
8513 145450 9882 168837 
6989 122201 8113 141850 
7188 122807 8344 142553 
6722 115310 7802 133850 
5952 101687 6909 118037 
5958 105666 6916 122656 
60.53 107417 7027 124689 
4995 87696 5799 101796 
3496 61623 4059 71531 
1363 23704 1583 27516 
753 13029 874 15124 

'19 7291 487 846' 
2227 39413 2585 45750 
15.25 26966 1770 31302

." 15098 996 17526 
958 17071 1112 19816 
1355 24195 1573 28086 
540 9633 627 11182 
719 12845 835 14910 
\007 \7961 1169 20849 
1364 24320 1583 28230 
1621 2e815 1882 33448 
2259 )9501 2622 45852 
4395 78069 5101 90621 
3348 59709 3886 69310 

6 .... 6 6716 

R. R' 

West Monltorin St .. Uon 

Dispersion 
Factor 

104.53 
7424 
6760 
3256 
3465 
1580 
5171 
1813 
7.19 
21.29 
1777 
926 
1094 
2623 
1580 
3101 
3328 
2387 
1425 
2161 
36.06 
6824 
5602 
5761 
5387 
4770 
4775 
4852 
4004 
802 

1093 
603 
336 
1785 
1222 
607 
76. 
1086 
433 
5.76 
807 
1093 
1299 
1811 

3522 
268;3 

Risk-Bued 
Concentration 
It Monitoring 

Point (ngIm
3 

) 

.. 685 

R9 

68535 
48 374 
39861 
21233 
22442 
9935 

32298 
11814 
4885 
13811 
11559 
6033 
7183 
17279 
10407 
20272 
21879 
15566 
9160 
14166 
23710 
116580 
97945 
98431 
92422 
81503 
84693 
86096 
70289 
49391 
18999 
10443 
5644 
31590 
21614 
12102 
13683 
19393 
7721 

10295 
14396 
19493 
23095 
)1661 

62573 
47858 

1999 Annual-5 yr 
5/30101 
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Table J-4 

Calculation of Risk·Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Time: 1998 Site-Specinc Meteof'OO)gy 
Emissions: Tot;tl PCS. 
Project Duration: '.Y••r 
V,.r: 2 

RepresentJlUVII!! R8i;eptor Loutionl 

• ..,.,.oi," 

=~: _Risk-Based . . 
Aver PCB IOI~pe~slon IConeen.trlt.lon DISpersion 

Pomt ~-_-~.~~:.~; Factor It Monitonng FactOf 

C~~kM1 I.:-...,,··~'.-'...-~'nl Point (nghn', 

',.12 

DO 

Rilk·Sued Risk-&lsed Risk-Bued Risk-Bued Risk.aased Risk-8ased 

Concentrlfion \ otsperlton Concefl.trat.ion Dispersion Concll!!~tr..tion Dispersion Coneenttslion Oi.,~,,,,.n IC"~M<o."n,.',".',"'n••nl O;.F....:'••',.n C.',nM'.'nn,','.',','ng.n ID'~F"'.ct".',M
at MonttOf'tng I F"actor It Monitoring Factor .. I Monitoring Faclor ill Monitoring Factor .. 
Point (ngIm'l Point (ngIm') Point (nglm1 Point (nglml) Point (ng1m1 Point (nglm') 

63 

3.171 '.211 

DO DO 

..". 

R. 

;,1' 

3.95 

'.160 
",07 

547 

654 
"8 

.0 
"" ,,,a 

R' .0 

Risk-Bued 
Concentration 
.1 Monitoring 

Point (nglm1 

.., 
DO 

1999 Annual·S yr 

, , , , , , ,I !J I I I I I 

5/30/01 
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Table J-4 

Calculation of Risk·Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Time: 1999 SiCe-Speciftc MeteofO~Y 
Emissions: TotJlI PCBs 
Project Our_Iton: I_V..., 

Year: 3 


CDFD 
North Monitor; Station 

COf C 
South Monltori Stilltion SOllth Manitorln St.UOfl East Momtmt Stallon West Monitor!n SI.tionWeil Monltorm St.tion North Monltor'n StationEu! Monitor!" SI.tlon 

Receptor-

SpKlflcRlsk.. 
 "s::::' Risk_Sued Rlsk ..Bued Ri$k-8Oi1sed Ri.k.s..ed Risk-8ase<t Risk.SuedRisk-Based Rlsk-8ated

4nnual Concentration Conclntr.tkln ConcenhatlonBAsed Elpolur. ConcentrollUon Concentrltion ConcenirJltionCQRCentrJltion Dispersion Concentr.llon Olspersiao DisperSion Di$perslonOispersion Olspersion Dispersion DispersionAverllge PCBReprlunt"llw Receptor Locallons ., Monitoring .t Monitoring .tMonftOfIngP..... ., Monitoring at Monitoring a' Monitoring• Monitoring .t Monitoring .oct",F.lctor fKtor Factor Fflctor F.ctor Factor
BM:aground ."''''Concentr.tlon Point (nglml) Point lnglml) Point lnglml) Point (nghn1 Point (nglmiPoint lnglm1 Point lnglm1 Point InwmiConeenl,.lIon,IngJm~ ,,. 67147
... 8644 
 17'282 146 78 
 96238 
 62971 
 11449 
 75064 
 13292 
 9201 
 60327
R1 11177 
 73279 
 113310 
 96 OS•

I 
 ..,,,... 12493 
 69141 
 62610 
 6651 
 433'1110610 
 45241 
 82.76 53929 
 9608
52646
R2 ,"8 "43 
49477
5457 
 10910 
 35751 
 42617 
 34 250 


.. 
R3 ... 7056 
 41603 
 64330 
 .266 
 7'2.26 6391 
 5809
70 
 6063
54'38""" ~ 25854 
 17897
... 2576 
 5155 
 33616 
 4378 
 28551 
 2665 
 16682 
 3415 
 22270 
 3965 
 2744
21740
7.' 33'4 

R' 
 27092 
 18754
... 3517 
 2720 
 35225 
 461. 29917 
 19576 
 2J 335 
 4163
22780 
 JIl23 3603 
 2896
12 
 54" 

11411
2360 
 14837 
 12601 
 1615 
 12.57.OO 

" 
31 

• 
1526 
 .595 
 1312 
 6245 
 1564 
 9829 
 7899:;- 

R7 
"'05 

44400 
 5544 
 34631 
 64.37 4456
33807 
 "'" 52276 
 7108 
 415.51 29OS241" 83"54"'5O :- 1427 
 2853 
 15790 
 12316
12023 
 18591 
 2423 
 15.86 1690 
 1519
R. .OO 1645 
 ",. :- , 09111.01... 7.12 4638 
 5SO 7172 
 729 
 -H51 8.46 5.869'5R' ." :- ... 2121 
 1640 
 3279 
 " 70 
 2785 
 18065 
 217"2 14091 
 25.22 1746
11
• 

13755 
 1822
.10 

27.2811479 
 1364 
 17749 
 2317 
 15075 
 1807 
 11758
II. 1764 
 1516 
 20.98R11 '452 t:::• , 342 
 1505 
 11.57... 9807 
 8329 
 836 
 ••7 
 8.01R12 12.'875' '497 


R13 

97'•

3 
 18.69... 7935 
 12270 
 15.87 10421 
 1038 
 8128 
 1437 
 .95 

R14 


12.08 1238
9'5 f=44n 380, 
 25 OS419077 
 29499 
 2488 
 19542 
 3444
II. ... 2966
2"92'>9' 23".., 1424 
 2847 
 18757 
 2416 
 15931 
 12426 
 15.16 

3552 


•.. 1841 
 12131 
 9382 
 1582
.10 
 18" "90 :=2748 
 17959 
 35905 
 4666 
 JIl496 JIl5, 23786 
 2925
4225
549' 36'9,,,'"." 5791 
 38066 
 4916 
 32330 
 25217
24617 
 2896 
 19039 
 3218 
 3836 
 3083
.17 
 "'..D 2.3
• 

3745 
 " 54 

4122 
 3170
17362 
 2061 
 13 444 
 25878 
 3501 
 22828 
 2291 
 2730 
 171l<J6 21.94 

R1I 
.ID 2685
.11 
 7.' 

1231 
 13429 
 10474 
 18.92 13.10 

51 


... 1591 
 10225 
 7908 
 2460 
 15811 
 2090 
 13.67 8787 
 16J1l17

• 1737 
 22769 
 19338 
 2301 
 2671 
 18.49 


52 

... 14725 
 11 388 
 2950 
 1930 
 12 654 
 15084
22.46 3'1" 

35,.... 27079 
 3185 
 6369 
 41871 
 5409 
 3556J 23270 
 4219 
 27738 
 4898 
 3391 

Cl 


4119 
 20943
'.2.. 11698 
 101.06 ,." 112972 
 134667
76.95 131463 
 5951 
 101674 
 203280 
 172653 
 7882 
 9151 
 6335 

C2 


1711 

100 ... 4445 
 77 723 
 155393 
 7548 
 131980 
 66359 
 58.88 102943 
 68.35 4732
.. 5747
1719 
 88" "'.39 ~ 

85630 


C4 

4719 
 9436 
 161210 
 8014 
 136921 
 89592 
 62.51 106 797 
 SO 24
6102 
 104 256 
 80632 
 5144 
 n57C3 1789 
 .. 

78103 

C, 


42.77 73374 
 85.51 146698 
 7263 
 124596 
 4752 
 81527 
 5665 
 97184 
 6577 
 4553
5530 
 94872
1789 
 ..73 

69 OS) 75.91 110159
83679 
 3797 
 64872 
 129700 
 6448 
 4219 
 noao SO 29 
 85923 
 58.39 40.42178. 4909 


76_7760 
 116890 
 5141 
 91 173 
 4132 
 73272 

C7 


38.81 137625 
 6591 
 5968
1719 
 10 
 5019 
 89004 
 4313
68 83'
C' 
7800 
 138418 
 117564 
 76925 
 4153 
 73695
89517 
 3902 
 69233 
 6625 
 4335 
 5168 
 91 698 
 5999
1789 
 14 
 5045 


3184 
 6365 
 tl1745 5406 
 62102 
 4217 
 74028 
 59 494 
72 267 
 55891 
 94909 
 48.96 3389
1119 
 4117 
 3538
C' 
40374 


C10 

37929 
 75833 
 3654 
 64407 
 2)91 42144 
 28 SO 50 237 
 33.09 22.912783 
 49042 
 2152
1711 
 " 26 
 430'C' 

791 
 1561 
 15275 
 1047 
 12.16 14633 


C11 

17 775 
 13747 
 27465 
 1343 
 23344 
 879 
 842
.. 10.221788 
 "206
, 5J8 785, 


C12 

12526 
 9770 
 454
426 
 7377 
 14748 
 724 
 474 
 8196 
 565 
 655
5.511781 
 ..50 
 8" 

,40 480 
 4443 

C13 


4174 
 8345 
 406 
 7088 
 4638 
 5528 
 369 
 256
3.10 5397 
 267
1789 
 "8 
2733 
 25749 


C14 

1367 
 23.21 41077 
 26878 
 1611 
 32039 
 2102 
 14.551768 
 31277 
 24190 
 1519
171t 19 
 48 36' 


17407 


C10 

1849 
 1570 
 27769 
 18170 
 1225 
 21560 
 1422 
 9.8421 144 
 925 
 15353 
 3269S 1027
1196
178J 20 

999 
 17 594 
 14943 
 9778 
 11655 
 769 
 9367 


C1I 

8
.53
.. 11378 
 500 
 849 
 555 
 5.32.800
171t 21 

,• 66',50 874 
 12514 

C17 


13.19 23505 
 19964 
 733 
 13063 
 15572 
 1014
15201 
 11757 
 1120
171t 70' 
1909 
 1469 
 26 214 
 \8146 

C1I 
955 
 17047 
 34083 
 1622 
 28 948 
 1061 
 18942 
 1265 
 22579 
 1017
12.35 22042
171t 

, 203 
 10945 
 7575 


C19 

798 
 12087 
 7909 
 9427
7118 
 14231 
 5.29 425
5.161711 
 51''.99 '78 '43 

14589
1052 
 9O, 10099 

C20 


531 
 18969 
 590 
 10542 
 12 566 
 .17 
 5.6512267 
 9488 
 15 I"
171t 70'2.' 
• '" 20274 
 14035
1478 
 26361 
 1255 
 14650 
 979 
 17463 
 11.37 787
739 
 13185 
 22389
9.56 17048
178t 8" 


C21 

• 16.91 18904
996 
 1991 
 35507 
 JIll58 19733 
 1319 
 23523 
 1531 
 1060
22963 
 17760 
 1106
178. "88 " J09• 1567 
 32336 
 22384 


C23 

2365 
 42044 
 2009 
 35709 
 13.15 23366 
 27 853 
 lB19 1259
27H~O 1183 
 21029
C22 1530
17" 

43136 
 29860 

C24 


560eEi 2724 
 47635 
 31169 
 2125 
 37155 
 2467 
 1708
36271 
 \604 3208 
 1783
28052
1181 
 .." 20" 
54 642
110OS3 93472 
 61161 
 4104 
 72907 
 4765 
 32.983099 
 6195 
 5262 
 3443
17.. <006 71172 
 55045 
 5659' 

C26 
12

• 4()25 64997 
 44 994 

Minimum Allow .... Concentration at 


each Monito.-inc; StM:ton fnalrn" 


4738 
 71777 
 46966 
 3139 
 55985
2370 
 42269 
 84510 
 2523
3064 
 54653 
 2633
1711 
 36" 

381.6091 
 Jl8. 4751 
 5516
4631 
 3587 
 7172 


Rep.-..entfltive ReceptOf Location 
Requirin Lowest Concentr.tton R... R' R'R'R' 

1999 Annual·5 yr 
5/30/01 
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Table J-4 

Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Time: 199' Stte-Speclflc M~eOf"ology 
Emissions: Tol.. 1 PCSs 
Protect 0ur.1on: I·Ve. 

Year: 4 


-
CDF C COFO-~orino'St..tiofl -South Monftoririg-SI.atton East Monitor SI..Uon West Monitmln- St.tlon North Monitori Station South Monltorin St.atlon East Manitonn Sialion West Monitorin Station 

Receptor ~=::.
Specific Risk- Risk·Sued Risk-Rased Rlsk&sed Ris • .sued Risk-Based Risk-Based Risk-8ased Risk·Sued 


Represent.atlve Receptor Loc.1Ihons 

Annu,,1 

Concenlr.Uon OisperslonOisperslon Concenltatlon ConcenlrationBnedp~SUn Di$persion Corn;enlr.atlonDispersion Concenlr..!ion DispersionDispersion Concentrlltion ConcentrationDispersion Oisperslon Concentr.ltlonAverAge PCB 
at Monitoring FactorFactor ill Monitoring .II MonitoringF.actor iIItMonitorlngFilletor at Monitoring F;J(:torF.ctor .. t Monitoring ill MonitoringF.clor ill MonitoringFilclorIHckground

Concentration Point (nglmi Point (ngJm~ Point (nglmi Polnt(n9'm~ Point (nglm~ Poinl (nglm1 I_~ Conc.ntraUon Point (nglm~ Point (nglm~, 
R1 ... 116.82 76590 
 90 18 
 59122 
 180.76 118514 
 15344 
 100,603_. 9263 
 60729 
 11344 
 74373 
 12445 
 81597 
 9026 
 59177
• ... ,.R2 ... 54843 
 64.97 42335 
 13023 
 43_11055 
 72038 
 6673 
 6173 
 58428
53255 
 8966 
 6503 
 42374
"'883R3 ... 7339
70

• 
43274 
 5665 
 11356 
 66962 
 56842 
 5819 
 34 313 
 7127
96"" 42022 
 7819 
 46103 
 5671
" <105R. ... " 436
34.7.7.' 22656 
 26.82 17489 
 5378 
 35057 
 4563 
 29759 
 2755 
 17964 
 - . 3374 
 3701 
 24137
22000 
 26 ... 17 505
R. ... 12 
 3659 
 23696 
 2824 
 18292 
 36667 
 29·015662 
 4806 
 31126 
 18789 
 3553 
 23010 
 3898 
 25245 
 2827 
 18309
... 15.64 1207 
 7587 
 2419 
 15.209 12911
9.J~. 2054 
 7794 
 1518 
 9545 
 1666 
 10472
12"" 1208 
 7594
-...• 7 
 " 56.65 35 385 
 4373 
 27315 
 8766 
 54754 
 7441 
 46479 
 4492 
 28 OS7 55.01 34361 
 37698
6035 
 43n 27340
... -" 19.16 12487 
 1479 
 9639 
 19323
2965 
 2517 
 16402 
 1519 
 9901 
 1861 
 12126 
 20<2 13 304 
 1481 
 9648
•... 735 
 4791 
 566 
 3698 
 11.38 7414 
 966 
 6293 
 , 104
5.83 3799 
 714 
 4652 
 7.83 568 
 3702
R10 ... 11• 

• 
21.98 14,255 1697 
 11 004 3401 
 22OS9 2887 
 18725 
 1743 
 11303 
 2134 
 13843 
 2341 
 15187 
 1698 
 11015
R11 ... 1815 
 11 806 
 1401 
 9114 
 2808 
 18 269 
 2383 
 15508 
 14.39 9361 
 1762 
 11464 
 1933 
 12578 
 1402 
 9122
,,,,... 10.16'12 6622 
 7 .... 5112 
 1573 
 10247 
 8698 
 806 
 987 
 1063
5 25' 
 7055 
 7.856 43' 
 5117
•3
013 ... 13.01 1004 
 6593
854' 2013 
 13217 
 1709 
 11219 
 10.31 6773 
 1263 
 8294 
 1366 
 91.. 10 OS 6599


014 ... ... 30.78 20277 
 23.76 15652 
 47.62 31376 
 26634 
 16078 
 19690
2989 
 3279 
 21602 
 2378
24"" 15667
011 ... ..• 1998 
 13166 
 1543 
 10164 
 3092 
 20373 
 17294
"""2625 
 1585 
 1941 
 12785
'0440 2129 
 14027 
 1544 
 10113

018 16. 3843 
 25119 
 2966 
 19 390 
 5946 
 38 868 
 5048 
 32994 
 3047 
 19917 
 3732 
 24391 
 26 781 
 2969 
 19 408
""94R17 ... 26748 
 3141
2.'

• 
"".69 20648 
 41389
6296 
 5345 
 35134 
 32.26 21 209 
 3951 
 25974 
 4335 
 28497 
 3144 
 20667


011 ... 2890 
 18 849 
 2231 
 14550 
 4473
7.' 29167 
 3797 
 24759 
 2292 
 14946 
 2607 
 18 304 
 3079 
 20062 
 2233 
 14564
.19 
 ... 17 
 17.12 1321 
 8490 
 2648 
 17020 
 2248 
 1357
'.999 8721 
 1662 
 10681
~4..447 
 1823 
 11718 
 1322
.. 8498

S1 ... 2369 
 15531 
 1829 
 11989 
 3666 
 24033 
 3112 
 1876 
 12315 
 15062
2300 
 16547
2524 
 12000
18"52 
 ... 2.2.. • 4473 
 29404 
 3452 
 22698 
 6921 
 45 500 
 5875 
 38623 
 3546 
 23315 
 4343 
 26553 
 4765 
 31327
""'" 3456 
 22719

C1 1719 
 8022 
 137062 
 6193 
 105 803 
 12414 
 212088 
 lOS 38 
 180035 
 63.61 108 679 
 7790 
 133095 
 6547 
 146023 
 105901
8198

C2 ..1719 
 597. 104496 
 ... 13 
 80 ... 9248 
 161695 
 7850 
 137258 
 47.39 82656 
 56.03 101471 
 6367 
 111327 
 4818 
 80739

Cl 17.9 .. 6341 
 4895 
 63629 
 167639
9812 
 142304
8329 
 5028 
 65902 
 61.56 105 201 
 6756 
 115420 
 4899 
 83707

C. 57.32 4425 
 75912 
 8870 
 152171 
 7530 
 129173 
 4545 
 77976
17.' 55 67 
 95494 
 6107 
 104770 
 4429 
 75983

C. .." 50.61.1.719 
 3922 
 7862
67..1..006 134321 
 6674 
 114Jl21_ 68829 
 4934 
 84293 
 5413
""29 3926 
 67070


" 480
C. 1711 
 52.77 72 249 
 8166 
 14"4628 6932 
 122940 
 4185
. ~ ""74 74213 
 5125 
 90886 
 99714
5622 
 72317
""78C7 1781 
 14 
 5227 
 71598 
 8088 
 143523
" 6866 
 121832 
 4145 
 73544
""35 90067
5076 
 5569 
 98 615 
 71665

C. 1719 
 42.93 3314 
 58181 
 6644 
 116627 
 5639 
 34.04 59762 
 41.699900' 7J 169 
 4574 
 80298 
 3317 
 56 235 
""" C. 1719 
 " 26 
 26.66 4435 
 78172 
 3755 
 66358 
 2273 
 27.83 49056
""OS7 3054 
 53821 
 2215
t--_22~L~-~~!- 39033
I
C10 171, 
 .. 16016
10.36 13907 
 1804 
 27678 
 1361 
 23665 
 822 
 14265 
 1006
'00 17495 
 19194 
 801 
 13920
"04C11 1719 
 II 
 5.80 432 
 7477 
 868 
 14 988 
 7.35 544 
 9406 
 5.96 10319 
 432 
 7484
'686 L...6I!Q?{}/~~ r-~::--C12 1719 
 .. 3.13 4200
2<2 484 
 6419
544' 411 
 4314 
 304 
 5283 
 3.33 5797 
 242 
 4204
-Cll 1719 
 16.20 32204 
 14 OS 2616 
 49833 
 2391 
 42301 
 1443 
 1767
21...860 
 25535 
 31272 
 1939 
 34310 
 1406 
 24883


C14 1718 
 20" 21683
1226 
 946 
 16738 
 16.97 33552 
 1610 
 28461 
 972 
 17193 
 1191 
 21055 
 1306 
 23100 
 947 
 16753

C1I 171t 28

• 
6.58 508 
 6942 
 10.18 17926 
 15217
864 
 522 
 91 .. 639 
 7.01 12342
'1249 508
" 565 
 895'C1I 1789 
 16186 
 701
'.08 14.05 25047 
 1193
'2495 21261 
 720 
 12834 
 15718
882 
 9.67 17245 
 702 
 12 506


C17 1711 
 1319 
 23545 
 1018 
 16176 
 2041 
 36 434 
 30928 
 1046 
 16670
1733 
 12.81 22864 
 14 OS 1019
25 085 18192
•C1I 5.46 97...17'9 422 
 7523 
 , 484
.46 
 15061 
 433 
 7728
718 
 582 
 10383 
 422
12"~02 7 530 
cn 1719 
 748 
 578 
 10316
2.'
• 

17554
20 679 
 983 
 593 
 10596 
 12977
13'" 727 
 7.97 14237
"58 578 
 10326 
'" C20 1719 
 1042 
 16586 
 805 
 14349 
 1613 
 26763 
 24416 
 826 
 14739 
 1012
1369 
 18050 
 111O 19804 
 80s 14362

C21 1719 
 1395 
 24874 
 1077 
 19201 
 2158 
 32672 
 19723
1832 
 1106 
 1354 
 24154
38 48' 
 1486 
 26500 
 10.78 19219

C22 1719 
 ..11•

• 
16.60 29854 
 1296 
 23045 
 39214
2599 
 1332 
 23671 
 1631
2206 
 28989 
 1789
46'95 31 805 
 23 066 12"C2J 1711 
 22.53 17.40 30 415 
 34.87 51755 
 1787 
 31242
60970 
 2960 
 2188 
 36261 
 2401 
 41978
"""2 17.41 30 444


C24 171t 12

• 
4330 
 76917 
 3342 
 59375 
 11902(16700 
 101032 
 3433 
 60989 
 4204
5687 
 74690 
 ... 13 
 3345 
 59430
8' 945


C2I 1711 
 33.73 2604 
 46 442 
 52.20 93097 
 79027 
 47705
4431 
 2675 
 3276 
 56 422 
 3594 
 ......2606
"'09750'" 
Mi:=::~:s~::~= at 4791 
 3691 
 7414 
 6293 
 3719 
 4852 
 3702 


Rep.-etentative Receptor location 
Reoukl Lowest Conc.nIJaUon 

'10' 

O.0' 

1999 Annual-5 yr 
5/30/01 , , , ., , ., , , ,I I I I I I I 
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TableJ-5 

Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the COF C and D Monitoring Stations 


Time: 1'" S"e..speclfic MeleOf'otogy 
Emiuktn.: Tota' pca. 
Project Duration: 10·Ve., 
v • .,: 1 

COFe CDF 0 
North Monitor St.-Uon West Monitorin Station North Monitor" Station South Monrtorln St.tion We.t Monltorl St.lltionSou1h Monltor!n SliII"O" ea.t Monltorin Station En' Monttorl Station 

Receptor.Receptor. 
5pectftc Risk-Sued Rlsk.aased Rlsk..aasedSpeclftc RI.k· RI.k.a....d Risk.aued Rlsk-8ued Risk-Based Risk-Bned 
Annual Concentration Concentration Concentration Concentr.tion Concentration Cone.nlreUonB...dExposure Concentralion ConeenlnltlonDisp.'s"", Dispersion Dispersion Dispersion Dispersion Di.perslonOiSp.fSi(J" DispersionR.J"....nt.ttv. Receptor LOC'aflons A .... , .. PCB 

.II MonlCoring Point .tMonitoring .It MonlCoring at Monitoring .It Monitoring .It Monitoring at MonitoringFolclot .It Monitoring FoiClot Foictot FoletorFactor Factor Foictor Factor
B .. ckground 3Coneentr..tton Poinl (ngIm3

) Point (09lml)Point (09Im') Point (ng/m ) Point (ngIrn1 
) Point (nglm,,) Point (nglrn") 

(ng/m' ) 
Point (ngIm3)Concentration 

81047784 4803 49984 35841 9243 37436 9329 37780 11801 47793 32820 
R2 
R1 ... 31524 19454 12342 8850 88,.... 76787374 4551 11693 46589 8384 33622 6757 35117 35441 11180 44 833 3076729572 15249 ·• 

, 

... 22456 23454 6962 23670 29944 60665826 19751 3595 12188 9236 31316 6624 6919 8633 2056370R' ... 10396 1598 4107 16488 2945 11823 3076 12348 3104 12462 3927 15765 2698 108262590 6417R. 7.'... 13122 13706 3484 4408 17498 30.272907 11542 1794 .. 10 18301 3452 13632 12016R. 12 7 In 3305 
4980 12.06... 11.59 1837 1376 5202 1389 5250 1757 66414380 715 2703 ••46 1318R. 31 '561 

R7 ... 45.03 2670\ 19146 5347 19997 5396 20182 6826 46.88 1753216840 2779 10392 71.39 51.19 25530 
6367 16.74 6712 2117 1454.0. 1397 5600 3456 2214 8880 1586 1658 6650 6490 5830R. "• 10,. 7111083 4344 3115 611 3253 3283 4153 2852 

R10 
2739 '"4.22 1691 777R. 61'56''OI 

8934 9016 1968... 1167 2149 8554 22 45 2265 11 406 7833 
7593 

18.90 7523 4643 2997 1192911
• " ..7930 17.38\983 2001... 6678 1030 2647 10589 2531 10124 69531670 4121 1898R11 600'•... 3516 924 \1.69 8.03 3219771 3092 .76 1906 1223 677 3 672 '706 "688R12 490' ".,• 50<;, , 40 • 1084... 1041 1651 6702 4806 1236 5019 1248 1578 440\ 

R14 
4227 1184'606R" ." 

14991 10749 11228 2778 11331 35.11 14334 24.11... 2316 9455 1429 5834 3672 2750 9643 
R15 

28330.' 
1509... 1449 9382 6727 1721 7026 1737 7091 2198 6970 61805917 694 22.98 164836510.'... 14624 15274 3825 15415 4839 19500 3323 13391 

R17 
3192 128152 1970 50.61 20394 37907937 3629R1t I 

16513 40982110 15809 4060 16Ei65 5183 21081 3560 14477 

R1I 
3419 13905 6561 5421 22048 3887'0. 2.' 

1391 14345 10286 2676 10744 2700 10842 3416 13716 9419 

R18 
... 22.53 9047 3573 25625583 23"7.' 

6144 13748204 5882 1567 1582 6201 2001 7844 53871320 5174 3193 20.93 1501... 17 6"., 14130 10132 10583 2637 10680 13511 2291 9276 

.2 
8912 1358 3489 26.13 3336... 2200 5499 2502 

17599 4560 23467 3961... 15479 23.48 6033 24543 4326 4519 18382 18551 57.69 16115 
e1 

3605 95522.2
• 

49918 6464 86564 5815 45710 

e2 
43905 33.29 27094 8552 69616 6132 64.05 52139 521'519 81775394.. 

49141 51326 6065 51799 7673 85527 5269 44998 
e, 

..."' 50.61 43221 3123 8025 68531 5754 60.10.. 26672 
2687 56189 40290 42062 5217 42470 .. 00 53725 4532 36894... 4353 35437 21868 6903 4950 517010 

44156 471537183 2795 7181 58957 5149 42275 5378 5426 44562 6866 56372 38711 

C' 

4529 22946e. 73 
402(17 42916535 53195 36144 4894 39640 4939 6249 50863 34928 

CI 
"'... 4121 33549 2543 20 703 468610 

39714 4560 5768 50702 3961 34817 

e7 
33443 2348 6033 53026 4326 38023 4518 40080II. 3605 20638 

,5 SQ6 7447 7121 469041332 65535 5340 46992 55.78 49083 5629 49535 62662 4303146 97 289814 " 
32498 33944 34562049 5264 45322 3774 3942 3979 34256 5033 43335 29759" 28584 17639II."' 3320e. 

1509 3876 33647 24127 25200 2930 25432 3706 32172 2545... 2445 21221 13095 2780 2903 22093 

C10 
e. 

1471 12413 9297 1112 9382 14.06 11869 966 8150 

e11 
... .,6 7829 572 4831 10.55 .901 1101"50 ,41 5349 ,66 5664704 2 SO, 7 459 5587 674 5638 7132 4898 

C12 
... 6.40..51 56' 85' 

4330 3243 3.37 2843... 2731 1685 '"5.13 3105 J06 3272 4.90'66 "40'.00 ".". 
15600 16294 18.79 16444 1633 14285 

C14 
13721 9.68 8467 2486 21756 1783 1862 2377 20802... 1568C13 11 

161791187 10204 18.51 1327 1 3 ~8620 6..?~7'20 H~·15 r--~Q..§f3·---]6¥if --~7l8q- /-- ~1l-?-- 733 r-~'3~Od-- ~3i~39-8 ~\~~~ 6713446 8855 5814 

e1l 
5585 1023II."' 6.45 76'C15 21 

,o7 8548 6129 721 6402 726 6461 8173 5612 

C17 
5391 3327 963 690 920II. 

•
I 

1417 15965 123110530 7.30 1875 \6697 1344 11973 1404 12505 121'520 17.93 10963 
C1I 

6498 '"II. 1183 '" 
,,6 4185 4371 496 44113681 657 5836 .71 492 5580... 41. 2271 3832'31• ,41 , 097 7957 5 705 6014 566... 5018 640 6.68 5959 675 7608 5224 

C20 
ell '"'5'2.'

• 56' ."
, 437 67111792 8456 8832 1003 8913 1268 11275 7743 

e21 
... 516 4590 13 26 951 99'6" 

11611768 15714 11268 1324 11769 1336 11678 15026 10318 

e22 
9911 6116 1268 16901115 '66 

15321 16149 15.8913475 942 8316 2420 21366 1735 1812 16002 1829 2314 :i!0429 14029..."' 152611 
• 

19746 19928 202716828 3087 26365 2214 18905 2312 2334 25210 17312 

C24 
19.47 1202 10261 2952C23 II. .. 

47834 34300 35825 4099 36155 5186 45737 3581 31408 

C2I 
30 168 2111 18617 5423 3889 406212

• 3.'" 
27871 29111 29379 4181 37165 287124514 1702 15128 4372 38869 3135 3275 3305 25522..."' 2757 

Minimum Allow..ble Concentration at e .. c 

Monitorina Station lnahn' 
3105 3243 3272 4140 284343302731 1685 

Repre5entolUve Receptor Locoltion 

RequirillQ Lowest Concentration 
 e12 C12C12 e12 C12e12 C12012 

1996 Annual-10 yr 
5130/01 
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Table J-5 

Calculation of Risk-Based Target Concentrations (Exposure Budget line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Time: 19fi16 Slt.-Speclftc Meteorology 
Emissions: lotll PCBs 
Project Duration: 10·Yur 
Year: 1 

,.-----

RePfeHnliltivt Receptor Locations 

R1 
R2

-Ii, 
R. 
R. 
R. 
R7 
RI 
RI 
RlO 
R11 
R12 
R13 
R14 
R15 
RlO 
R17 
R10 
R10 
51---- -
52 
C1 

C' 
C' 
C4 
CO 
C' 
C7 
C' 
C' 
C10 
C11 
C12 
cn 
C14 
C1I 
C18 
C17 
C18 
C10 
C20 
C21 
C22 
C23 
C24 
C25 

Minimum AIIow.tMe Conc::.ntrat~ .It 
e~h Monitoring Slation Inwm" 

Repr...nt..tlve Receptor Locatton 
~r:!Q Lowest Concentr.ltion 

ReceptOf-
Speciftc Risk. 

BuedExposure..... 
Concentr-«on 

Ing/m~.................................... 
..9........................ 
IN 
IN 
1M 
I .. 
I .. 
IN... 
I .. 
IN 
IN 
IN 
I.. 
1M 
I .. 
I ..... 
IN 
• 94 
IN
.04... 
IN...... 
I.. 

NOrth Monitori Station

KS:;
Risk-8.1sed........, 

Dispersion ConcentrationAverage PCB -....... Foct.. at Monitoring 
C__ 

PoInt(ng/n1~ , 
• 76.65 31933

• 7700 30678 
70 5851 19836 
7.' 25.91 10401 
12 2896 11497 

" 1171 4425 

" 44.85 16775 
I 13.77 5523 
I 6.'" 2722 
11 18.64 7499

• 1669 6m 
I 7.... 3024, 1010 4100 

1.1 22.47 9173 
1.1 1390 5675 
I 3077 12400 

2.' 33.06 13 44S 
7.' 21.83 8767 
17 12.74 4994

• 21.75 8009 
U 36.76 14954 
to 55.... 45208.. SO 42 40059 
to 45.00 36629 

" 45.67 37497 
to .,<0 33703 
11 3601 33414 
14 47.86 42133 

" 33.16 28552 
28 24-31" 21154 
SO 9.38 7919 
II 567 4742.. 329 277S 
11 15.71 13747 
20 11.81 10319 
21 655 5670

• 5.88 5219

• 1145 10197 
0 3.95 3515 

U 5.37 4791

• '.00 7109 
0 10.67 9486 

11 \4.64 12931.. 1870 15971 
12 32.91 29025

• 26.62 23 668 

2722 

R. 

CDF C 
South Monitori Station E.ut Monitori Station 

Rlsk-IHsed Risk-Bued 
Dispersion Conceniration Dispersion Concentration 

Factor at Monitoring Flctor at MonROfing 

Point (ngIm~ Point (ngIm~ 

49.01 19849 111.58 45191 
4786 19192 10897 43697 
3637 12330 82.81 28072 
16.10 646S 36.66 14720 
16.00 7146 <098 16271 
728 27SO 1657 6262 

2788 10427 63.47 23739 
856 3403 1949 7816 
4.22 1592 '.60 3852 

1171 4661 26.66 10612 
1036 41 SO 23.62 9449 
469 1879 10.67 4279 
628 2549 1429 5803 
1397 5702 3180 12981 
8.64 3527 1987 8031 
1912 7707 40 ... 17 S48 
2055 8357 4678 19027 
1357 5449 3090 12406 
792 3104 1603 7067 

13.52 5476 3078 12467 
22.85 .29S 5202 21163 
3452 28099 78.80 63977 
31.34 26764 7135 60.36 
27.97 22767 6368 51837 
2539 23306 6463 53064 
25.74 2094' 5859 47696 
2363 20769 53~80 47287 
29.76 26188 6776 59625 
2061 17747 4693 40406 
1515 1~-,-149 3449 29937 
583 4922 1328 11 206-
353 2948 803 6711 
204 1725 465 3928 
977 8545 22.23 19454 
734 6414 1671 14603 
407 3524 927 8024 
365 3~ 832 7386 
712 6336 1621 14431 
246 2184 559 4974 
334 2978 760 6780 
497 4419 1132 10060 
663 5896 1510 13425 
910 8036 2072 18 300 

11 62 9927 2647 22602 
2045 18041 4657 41076 
1655 14711 37.68 33495 

1692 31152 

.. R • 

COF 0 
West Monitorin Si~iion Nort-h Moniloiina- 51:"100 South Monllorin Slation Ent Momtor!n Siallon 

Risk·Bued Ri$II~"" Risk..8ased Risk-8i1sed 
Dispersion Coneentfiltion Dispersion Concentf"tion Dispersion Concenlration Dispersion Concentration 

Factor at MOnitoring Factor al Monitoring Factor at Monitoring Factor at Monitoring 
Point (nglmJ) Point (nglmi Point (nglml) POint(fl9hn1 

8646 f-- ~5j014 9846 -- 39677 9945 40 276 125.80 so 947 
6440 33857 9616 38559 9712 36947 12285 49263 
6416 21750 7307 24771 7381 25020 9335 31647 
2841 ~~~. "" 

- 3235 12989 3268 13120 4133 16595 
3175 36.16 14357 36.53 14502 4620 16343 
1284 4852 1462 5526 1477 5581 1868 7060 
4918 18393 5601 20948 21159 71.56 26 763 
1510 6OS5 17.20 6896 6966 2197 8811 
7.44 2984 8.48 3399 3403 10,83 4342 
2066 8222 2353 9364 94S6 3006 11 964 
1830 7321 2"6-85 6336 21 OS 8422 2663 10653 
827 3315 9.42 3776 9.51 3814 1203 4824 
11 07 4496 12.61 5120 1274 5172 1611 6542 
2484 10058 2806 11455 2834 ,,570 3585 14635 
1524 6223 1736 7087 1754 7158 2218 9054 
3374 13596 38,42 15484 3661 IS 640 4909 19783 
3625 14742 4128 16790 4170 16958 5274 21 450 
2394 9612 2727 10947 2754 11057 3484 13986 

~;~ - 5476 ;; ~~". -
6,2~_ 1607 6299 2032 7967 

9659 11 001 2744 11111 3470 14054 
<031 16397 4591 18675 4637 18562 5865 23659 
6090 49570 6935 56454 70 OS 57021 8861 72125 
5529 47214 6296 53771 6360 54311 8044 68 697 
4934 40163 56.19 45 741 

~~~- 46201 7179 58 409 
SO 08 41114 ~~.~%-- .. 48,~~4 47 295 7287 59823 
45<0 36955 42067 5222 42510 6606 53771 
4166 36636 4747 41728 4795 ~~146 6065 53310 
52 SO 46198 5979 52614 6039 - 53142 7639 67219 
J6~36 31307 4141 356... 4183 36013 52.91 45 552 
2672 23195 3040 26417 3074 26682 3888 33750 
1029 8683 1172 9888 1183 9988 1497 12633 
6.22 5200 708 5922 715 5961 90s 7 S66 
361 J043 411 3466 415 3S01 5.25 4428 
1723 15073 1962 17167 1982 17339 25.07 21932 
1295 11315 1474 12886 1489 13016 18.64 16483 
718 6217 "8 7081 826 7152 10.45 9046 
'44 5722 734 6517 141 6583 936 8326 
1256 11181 1430 12734 1444 12862 1627 """ 433 3654 494 436• 499 4403 631 5607 
589 5253 671 5982 '" 6043 857 7643 
8.77 7795 999 8677 10.09 8966 1276 11341 
1170 10402 1333 11846 1346 11965 1702 15135 
"06 14179 1829 16148 1647 16310 2336 20 631 
2051 17512 2335 19 944 23.59 20145 2984 25481 
3608 31826 4109 36'46 4151 36 610 52 SO 46307 
2919 25952 3325 29556 3358 29 853 4248 37761 

29'. 3311 3.(33 .3.2 

R. .. R. R' 

West Monltorin Siolltion 

Rlsk-8ased 
Oispersion Concentr.. Uon 

Factor at Monitoring 
Point (ng/m1 

8635 34972 
8433 33816 
6408 21724 
2837 11391 
3172 12591 
1282 4846 
4912 18371 
1508 6048 
7.40 2981 
2063 8212 
1828 7312 
8.26 3311 
1106 4491 
2461 10 046 
1523 6215 
3370 13580 
3620 14724 
2391 9601 
1395 5469 
2362 9648 
<026 16377 
6082 49 S09 
5522 47156 
4925 40 115 
SO 02 41065 
4034 36910 
4163 36594 
5240 46 142 
36.32 31269 
2669 23167 
1027 8672 
621 5193 
360 3039 
1721 15055 
1293 11301 
717 6210 
'44 5715 
1254 11167 
433 3849 
589 5247 
676 7785 
1169 10389 
1604 14\62 
2048 17491 
36 04 31787 
29.16 25921 

2 811 

R. 

1996 Annual-10 yr 

, , , , ,
I r If J 

5/30101 
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Table J-5 

Calculation of Risk·Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Time: 19" Slte-Speciftc Met_oIogy 
Emissions: Total PCB, 
Project Durat60n: il·YHf 
Year: 3 

F CDF 0 
North MonHori Station West Momtorin SlllIonSouth ':!"<I.F'litoifug stau-tff CElst Manitonn St.ltion North Monltorin Sfatlon South Moniton" Sliltlon filSl Monitor. Station W.s' Monitor! StaUon 

ReC.,,~.Receptor. 
Speciftc

SpecifiC Risk. Risk-a.sed Risk-8ased Risk.s.sed Risk.Bued Rlsk.s.sed Risk-BaHd 
a.,1Id Exposure 

Risk-Bned Risk-Based........ 

COllcenlrallon Concent,.UonConcentration Coneentr.lto" Concentration Concen'rilion ConcentraUonDlsper.ion Dispersion Concentration Dispersion DisperSIon Dispersion Dispersion Dispersion Di,per'tonRepr.sentaU". R~or LOClltfonl Av.r~PCB

Point ~t MonItOflr.galMonitoring FKtor .1 MonitOl'lng .t Monttoring at Monitoring .t Monitoring ~t MonllormgFactor Factor It Mo".tOf"ing F~CCOfFactor Factor FoctMBackground ''''MConcentraUon Point (nglm1 Point (ng/m l
) Point (nglm1 POint (nglm1Point (nglm1 Point (nglm1 Point(nglrn1 Pomt (ngfmiConcemr.ton ,Inghn~ 

R, ... 59049631 136 73 55377 \OS .. 42720 33015 8197 33197 10370 7137 2890539 006 23910 8152 41999• 40 ,..... 5716 t021393.25 13239 53 090 40956 31651 7937 31825 100 41 6910 2771137395 22922 7893..."'R, 7D• 70BO 34073 7154 1778514712 10051 26 285 20314 6025 20 426 7623 25842 524624000 59.92"40 ,,,....R. 29.79 16982 3263 13100 10124 1018011961 7332 4230 2522 2535 3208 12879 22087.' ",.... 20.66R. 12 3371 4785 18997 36.92 14655 1132£ 11388 24.96 991613381 8202 2853 2869 3629 ,."'" , 567 
R7 

... 761 4074R. 1273 4814 1808 6834 \395 1084 4097 1371295\ 5272 1078 5183 '44... 5370 3292 76.24 28514 21997 16 999 17093 14883 
RI 

20084 12311 4545 4570 5782 21625" "61 39".., __ 948.?1021"I 1824 73141665 6679 1410 5653 1417 5684 1793 7191• 09' .. '94' 
1916 r--~;-~47B ,3615... 7.60 8.54 3424 231726<6 663 2660 8.39 576660'438",. "'"•.,.•• 12_ ,453... 1352 2416 743\ 741222.06 8779 5Ja\ 3132 9615 1867 1877 2375 1635 6 S06.. 

21·35 , J94... 11957796 2767 \\068" 19.49 4779 8539 1659 6635 2099 1444 577716 SO '59,•
I." ... .,30R12 957 1356 5446 3247 1030 7.09 2643J636 235\ 61O\0" '201 '265 


R1J 

".... 14613 1334 5416 5931 1135 • 609 14.36 4013 

R14 
3320 11.29 '" 5831766' '584 '.66",.... ,.61 1828'" 4233 17278 3265 13329 10301 10357 901812170 7400 2523 2537 3210 13104 22090.'... 1200R10 19.58 2760 11347 0765 14.514699 6754 1657 21080.' ,14' 6 50' 592' 

R10 
"93 ".. "'OS... 42.23 17019 <625 18639 3574 \4 <os \4 484 454710432 5995 24162 18324 31.29 12611 

R17 
25" '594... 27432.3

• 4475 63.53 4901 19931 15403 1348518196 11155 3787 Ja08 33.1625'36 19'" ,..,.., ,.20 17.90 1664711725 7187 3196 12842 2472 24.85 31444",7.' 126'S 

R" 


""'92'." ... 106017 4157 24.56 9628 1895 7427 5740 14.721730 6781 1464 1863 7302 12.82 5025 
S, 

"" 
1621... 37.55 289726.45 10713 6507 15209 11733 22.51 11535 196022.39 '067 7'"

\2_30 ..... 7096 28873 5475 22274 17213 21897 37.05 15070 
C1 
S2 49.99 20337 4231 4255 53632.' 

• "" 
411)I. 77539 7348I .. 87.10 54616 33478 59816 46227 5710 7224 56606 4972 40472 

C2 
"'26 50" 

I .. 3731.. 51975 73789 60.65 43991 4S 1O 38514 

C' 
60.66 31859 50 923 5151 5160 6553 5596'",'"... .. 3312 7672 59185404 48173 37229 4599 4004 32594 

6008 
26962 "446"905 45" " 360....3362 77 87 33371 

5443 
.94 73 45034 63 935 49322 38116 5906 4065C4 5465 27 60S <643 "" ,,I30<6I. 7055 57 430 5351 3663 29 976 42.06 42294970 40452 24796 435504430' "'238C' '94 .,,,2744... 24123 55871 4903 43 lO! 33309 Ja 1O 482\ 42373C. 44.77 J9JS4 37.89 29 16' 

C' 
'31'3437 70052 61.41 54040 47 .. 41763 4772 53 128 415556.07 49342 30245 6037 36504 

CI 
"00."... 23.86 47579 2483438.92 33513 20543 36704 28365 3313 4191 36084 2884329442""26 ,.4091732 40\2 3095 30.42 18175 

C1. 
C. .94 ,.26 24527 15034 34821 2392 20759 24 os 209426 "2" ..21 

" " 
616 11011427 12040 9288 7178 as5 1082 9132 7.45 6285 

C11 
100S 5199 'SO,.,'''' ......'" .. 5071 372 7200 5554 4292 516 5460 3756 

C12 
3106 513 653'07 'SO 

2.11... 4,117 3.76344 1.778 3,116 2 455 2.92 3.70 3123 255 2149 
C13 

2.900 291'68 
19-8211.09 \J 404 11735 

C14 
'"19 18.10 9707 2569 22483 17 J44 15.32 1540 1949 17 051 13.41\5836 

18.97 16577 1463 12768 1137 9937.14 20 1336 11677 7157 1131 1436 12572 6053 
C1J 

'19 '.90'683 
434 776 6,03... '" 

3751 10.06 8712 6720 5194 5222 763 6607 5.2521 709 600 '547 
CII 

61" 7_,OO465

•
I 

1 

1123 9973 5946 5978 1'1 !.I:.! 566 5 206791 7025 4300 7694 070 ." 
." 

21"1'8 19394 1660 14961 \296 11562 1300 11626 1652 14709 1137 10123 
C1I 
C17 1534 13661 '.40 8374."'" 61O 4293 4316 3758 
C1I 

570 5072 7 200 5554 .63 46. 4233109'SO '14 5'"6" 
I .. 47. 1102 58552.1

• 
.6,91 8 __. 9821 7576 5687 635 S75 5126 

C20 
4240 657'SO '.60"6 ,...,66,.... 125711.48 16.29 14485 11174 1236 10965 7 S60 

C21 
10 203 70' 62S4 "" 'SO'77 

9.32 2\56 19184 1665 14799 11437 \1500 11.26 10013 
C22 

IN 15.20 13513 1294 1637 14549, "3 '" 
1261 2254 15379 17.51 15463 13464 

C23 
I .. 18170 25796 19900 1742 22.16 19 S64 1525..11

• 
2058 11138 ""29" 

1606 3719 31764 2869 18937 19041 28.21 1941 1657922374 13714 24504 2211 2230 24090"20..,.,...'" 6476 57117 4996C24 24861 4400> 34OS2 34240 4..1318 3360 29813 
C26 

~.61 38.82 49\1"232 "96... 22.23 45769 3972 JS J06 27286 27437 34712 2687 23690J6.26 32236 19761 3069 3905" 51" '0"• 
Mi:===sC=.,en;;:-t 3171 24515 24l1a2900 1771 4117 3123 2'49 

ReP'"esentMlv. Receptor Loc'-Ion 
ReauKI low... Concentt_Uon C12C12 C12 C12C12 C12 C12 C12 

1996 Annual-10 yr 
5/30/01 
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Table J-5 
Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 

Time: 1996 Site-Specific MetllOfolo'ilY 
Emissions: Totll PCBs 
Project Our.tion: 10·Ye.r 
Year: .. 

--------  -_.

f----------+---+-=•.oc"."'pt;;;~C-.-t-'No",'",ii-h"M",on,,;''"",,,,,,,.I;;""lI'St"i.~ - ~out~ Mon~lor.ng_sl ..t!?~DF ~asl MOnltorlna "Stalion '-West Montlorin Stltion 

Receptor- Specific 

COF 0 
North ~onilorin Stalion South Monltorln Siallon East Momlorin Slation West MOnltorin Station 

Reprnentatlve Receptor Locations 
Spec~':=.=llk. Annual 

~~~:1E~ 
"., ~- -'•

70.3
••••••.7
••..
.10 
.11 

.. -R12 

.n 

.14 
• 15 
.18 
'17.18
.19 
51 
52 
ClC, 
C3C. 
C.
C. 
C7
C. 

t---- ;,'0 
Cl1 
C12 
cn 
C14 
C15 
C18 
C17 
C1I 
C19 
C20 
C21 
C22 
C23 
C24 
C25 

Mi:=:I:~:S~:::'-;'=M 
Repfesent.tive Receptor Loudon 
~i~ng_Lowest Concentr.tlon 

........................ 

..s..............,............... 
'" I..... 
'14
'14.14
.14...
.14
.94............
.14......... 
'14...
.84............ 

7.' 
12 
31 

"••
11

••
3 ...... 
I 

2.3 
7.' 
17

•,., 
80.. 
80 
73 
10 

" 14 
33 

"...... 
",. 
21

•••U
••
11.. 
12

• 

Risk.&lsed Risk-8ased Risk-Sued Risk-&ised Risk-Based 
Oisper$ion Concentnllion Dispersion Concentration DilpetsKm Concentrilfion Dispersion Concenlr.1ion Dispersion Concenlrilhon Olspen;ion Con<;ent,.tion 

Fac:tor ..t Monitoring Faclor • Monitoring FKtor .t Monitoring FKtor ilt Monitoring Factor al Monitoring Filctor at Monitoring 

10095 
9739 
7395 
3074 
"93 
12.97 
55.95 
17.42
.04 
2291 
20.22 
10.13 
1427 
3215 
21.45 
4594 
4859 
"54 
1879 
2765 
53.72 
70.07 
6351 
56.27 
5711 
5167 
46.SO 
57.92 
4036 
29.14 
1020 
6.16 
347 
lB71 
13.76 
7.248., 
1637 
626 
8." 
125l 
16.54 
2227 
2839 
49 SO 
3947 

Point {nglm1 Point 111lJlm1 Poinl (nglm1 Point (nglml) Point {nglrn1 Point (nglm1 

¢~ 6170 

;;~~ -~ 
12J.il

" ...
490' 

20 924 
6985 
3224 
9117
.088 
4062 
5795 
13122 
8756 
18514 
19762 
12654 

~~.J}-
793 

3419 
1065 
491 

14OQ__ _ 
12.36 

51'."
19.65 

.,J,~__ _ 

1311 
21108 
2970 
1928 

_'~ 
1690 
3283 
4283"., 

21Z1 

C1Z 

11 199 
2185<4 
57038 
.. 235 
45800..... 
42060 
40 en 
50 971 
34 749 
25296 
M~O 
5147 
2928 
16376 
12025.,..
7571 
14575 
5565 
7545 
U 118 
14705 
19 866 
24246 
43659 
35092 

34.39 
3490 
3158 
2842 
35.40 
2467 
1781 
623 

"-'3.76 

2.12 
1144 
8.41 
4.42 
521 
1000

3.' 
517 
764 

1011 
13.61 
1735 
'025 
24.12 

- -;~~''"7.----+-..:~",..~-_t~!7 
153"22 10506 35614 
7543 4367 17532 

- 8475 4962 19699 
:2996 1843 6965 
12788 7946 29724 
4269 2474 9923 

~ ~~~ ~~~;"L 1~S:S'2 
4943 2872 11490 
:(:482 1439 5770 
3542 20 28 8233 
8020 45.67 18641 
5352 3041 12439 
11 315 65.2ti 26 JOO 
12078 6903 28074 
7740 44 81 _!L.991 
~50! __ " "~?6~ 10462 
6845 3928 15910 
13356 7632 31046 
34 860 99 54 81 029 
33147 90.22 77 047 
27992 7993 65064 
28655 6113 66607 

;~~~- ~~- - ~~~ 
31152 -"6228'" 72409 
21237 5733 49365 
15460 4140 35935 
5262 1449 12231 
3146 875 7312 
1 789 4.93 4 160 

10008 26 59 23263 
7349 1954 17082 
3831 10.28 8905 
4627 1211 10755 
8908 23.25 20705 
3401 889 7906 
4611 1202 10718 
~795 1777 IS 794 
e987 23.50 20890 
12019 3164 27938 
14818 40.33 34444 
26583 70.32 52023 
21 447 56 08 49 551 

1789 " .. 
C12 C12 

,'053 
10663 
SO.97 
3365 
,. 24 
i420~ 

61.25 
1907 
.BO 

2508 
2214 
11.09 
1563 

'520

" ...SO 30 
5320 
".53 
2057 
3028 
58.82 
76.72 
6953 
61.60 
52,53 
56 57 
SO 91 
6342 
4419 
3191 
1117 
674 
'.BO 
2049 
1506 
793 
933 
17.92 
685 
927 
13 .. 
1811 
24.38 
3108 
5420 
43.22 

~ 15,182 
5368 
22909 
7648 
3.530 
.982 
8855 
"47 
,~ 

14367 
9587 

44 7SO 
55807 
38_ 
27696 
9427 
5635 
32<>6 
17929 
13165
,663 
62" 
15958 
6093 
6260 
12172 
16100 
21532 
26547 
47802 
38421 

3208 

C12 

7934 
7655 
5812 
2416 
2745 
1019 
4397 
1369 
632 
1800 
1589 
796 
1122 
2527 
1666 
,.11 
,.19 
2479 
14n 
21.73 
4222 
5507 
4991 

"22" .. 
4061 
36 55
45 52 
3172 
22.90 
.02 
484 
27' 
1471 
1081 
569 
670

"..492 
665 
983 
"00 
1750 
2231 
'.90 
3102 

Z301 

C12 

32133 
30695 
19704 
9700 
10898 
3853 
16445 
5490 
2534 
7166 
6357 
3192 
4555 
10313 
6882 
14551 
15532 

'953 
5788 
'802 
17176 
44.29 
42626 
35 997 

"'SO 
33,057 
32123 
40060 
27311 
19881 
6767 
4045 
2 301 
12870 
9 451 
4927 
5 9SO 
11455 
4374 
5930 
.738 
11557 
15456 
19056 
34314 
27 sao 

6142 
7855 
5964 
2479 
2B.17 
10.46 
4512 
14 OS 
649 
18.48 
16.31 
.17 
1151 
2593 
1730 
37 OS 
3919 
2544 
1515 
2230 
4333 
5651 
5122 
4538 
.. 06 
4167 
37 SO 
0671 
3255 
23 SO
." 
497 
2.BO 
1509 
1110 
584 
668 
"20 
5.OS

6.' 
1009 

""1796 
2290 
39" 
3183 

Zl.' 

C12 

32974 
31497 
20219 
• 953 
11183 

'954 
16875 
563' 
260173., 
6523 
3276 
4674 
10583 
7062 
14931 
15938 
10214 
5939 
9032 
17625 
46001 
4:3741 
36 938 
37814 
33921 
32963 
41108 
28025 
20401 
6944 
41512,., 
13207 
9698 
5 OS5 
6106 
11755 
4488 
6085 
8 ... 
II 860 
15861 
19555 
35211 
28301 

Rlsk-Bued Ri5k-Based 
Dispersion Coocentration Dispersion Conceotr.lion 

F.ctor at Monitoring Factor at Monitoring 

9745 
9402 
7139 
2967 
JJ 72 
1252 
"01 
1682 
776 
2211 
19.52
97. 
1378 
31 OJ 
2071 
4435 
.. 91 
3045 
1814 
2669 
5185 
6764 
5131 
"32 
55".....
".9 
SS91 
3896 
2813 
9.85 
5.94 
335 
1807 
1328 
5.99 
8.23 
15BO 
.04 
8.17 
1207 
1597 
21 SO 
2741 
4779 
3811 

Point (nglm~ Point (nglml) 

28Z7 

C12 

39469 
37701 
24201 
11914

",..
4733 

20199 
6743 
3113 
8 B02 
780S 
3921 
5594

" ...8 453 
17872 
19077 

" 2257109 
10811 
21097 
55062 
52356 
44 214 
45 262 
4060' 
39456 
49 205 
33545 
24420 
8312 
496' 
2827 
15806 
11608 
6051 
730. 
14070 
5372 
1283 
10733 
14'96 
18985,,406 
42147 
33876 

7048 
6799 
5163 
21.46 
24,. 
906 

3906 
1216 
561 
1599 
14.12 
707 
'96 

2244 
1498 
3207 
3392 

" 02 
1312 
1931 
3751 
48.92 
4434 
3928 
3987 
,. 07 

32 .. 
4044 
2818 
2035 
"2 
431)

2"
1307 
'61 
505 
595 
11.43 
437 
591

."
1155 
15.55 
1982 
3456 
2758 

"44 

C12 

28543 
27265 
17502 
8616 
'681 
3423 
14607 
4876 
2251 
6385 
5648 
2836 
4046 
9161 
6113 
12925 
13797 
8841 
5141 
7819 
15257 
39820 
37 863 
31975 
32733 
29363 
28534 
35584 
24280 
17660 
60" 
3593 
2044 

11432 
8395 
4376 
5285 
10175 
, 685 
5267 
7762 

10266 
13729 
16927 
30480 
24499 

1996 Annual-10 yr 

, , , , , , , , , , J I I I I I I• 
5/30/01 
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TableJ-6 

Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and D Monitoring Stations 


Time: "" Slte.spectfk: Meteorology 
Emissions: Total PCBI 
Project DUration: 10-V••r 
Year: t 

COFe CDFD 
North Mollitori South Monitoring Stalion E,I,I Monltorin St,tion WelltMonitori Stillion North Monitortng Stillion rS!?Ulh Monilor~Slllion ElSt Monltori" St,tlon West Monltorm Stltlon"atkm 

Receptor
$jMCllk


Receptor_ 

SpeclftcRllk. Risk-8.sed Risk-Based Risk-Based Risk-BasedRisk-Based Risk-Based Risk-a'sed Risk-Bned........,

B•••d Expo.we Dlsp."sk)n Concentr .. Uon Concentration Concentriltion ConcentrationDispersion Dispersion Concentration Concenlntion Concentration Concentr .. tlon DisperSion DIsperSion DisperSion DiSperSion Dispef5ionRep,e,englJve Receplor Locations Aver.gepeB

Poln'! F.ctor .tMonltorlng at Monitoring .II Monjtorlng at MonitoringFaclor Factor .II MoniIor"'9 .It MOnitoring "I MonitoringFactor Facfor Factor " MonitoringF.c'or F"cto1Background
Conc.mr.tfon Point (nglml,Point (nglm', Pointingi'm') Point (nglm ' , Pojnt (ngIm 3

) Poinl (ngIm J
)Poilff Inglm') Point (nqImJ~ 

(...Im~ 
CQnc.ntrallon, 

~-. ., ... 90.61 7005 28371 1577935699 12193 49381 10882 52820 15139 6131363906 44073 13042 10453 42336•., 49756435 19949 34722 77 26 25805 11206 44935 8659 37140 10751 4311230990 9262 7424 29768., 5860 4530 1535870
• 

19866 10205 34594 7885 26731 7038 9791 3319023858 8434 28593 6760 22 917... 2822 876111332 2182 49 IS 3798 15248 3390 16310 1893319733 13609 4062 4715 130737.' 3256 
30.04 11925 2322 9219 5231 16047 3607 1716412 20766 4042 14322 4323 5019 19924 137573465.,•• 13.70 6·9661059 4003 164531 5176 2366 1843 7453 86511972 22.89 1580 597490'7 62'9 

" 4HJ2 

. 
• 7 

" 

... 16764 3465 12960 53837805 29192 6031 22557 20132 6451 24128 74.89 28007 193395'71... 1572 4872 1887'215 2737 10974 2115 8480 9070 105297565 2262 26.26 1813 7270'30'• 
'" 19322499 1085 4352 749 3597 4176839 3363 697 1041 2883719300'... 2217 21,.11

• 7346 '427 5679 3214 12792 2484 9885 10573 3084 122738822 2657 6 474 "6"...11 1191 4762 18496160 26.82 10727 2072 8289 7398 8866 2573 10292154" 2217 1777 7106• 
3218 1080 4330 964 4632 5377'03 5'0 5504

." 
3865 1155,  '3.41 92. 37'3"98." •,... 9.48 733 2976 16.51 1\39 64323850 6704 12.76 5180 4623 5541 1584 44411365 1094.,.

." ... 22.73 17 58 7174 12487 27.309280 39.59 3059 11145 3272 13357 3798 15505 2623 10706'6'600.'... 13.69 10.59 4321 2384 7521 16445589 9733 1842 6712 8044 2288 9338 6448 
011 

\971 15800.'... 26.88 2078 6376 4682 14579 32.29 1810110835 18867 3618 13012 15594 4492 124993869 3101....17 28.85 11735 2231 5024 15790 3465 196059 072 20434 38.82 14093 4153 16889 4821 1353733282.' 
• 

." 20.69 .307 16.00 6422 1\178 2485 13879.11 36.03 14466 27.84 9977 34572978 "957 2387 95837.'... 12.36 4844 955 3745 6518 14842152 6435 1663 5817 1778 6971 809217 205< 1425 5588 
18.73 1448 224951 7586 3262 13209 252O 10207 9110 10918 31.29 126735"4 2696 21.61 8751 

2417 3754.2 3126 12718 9832 54.44 22146 4207 17113 18304 2124715273 4500 5223 1467\36.06'.2.. • ... 4573Cl 59.15 48148 37222 10300 83843 7959 64787 71 04 80441 55544 
C2 

57823 8513 69299 9882 6824... 3754.. 4855 41469 32058 8456 72 212 6534 55799 5832 59885 8113 6928249802 6989 478385602 
C, ... 3861 31428~994 ~O 652 8697 70791 54701 5998 58511 8344 679186720 48821 71.88 5761 46897..... 3610 296414670 36342 8\32 66767 6284 51592 46046 55185 7802 64058 44231C. 6722 53.8756"" 

31.97 48448C. II. 41.35 33661 26023 72 01 58616 5564 45294 4966 40425IO" 5952 6909 56238 4770 3BB3"!... 3200 49.71C. 41.40 36387 28130 7209 5570 48962 43699 52371 6916 6079263363 5958 4775 4197615... 3251 28613C7 37011 7324 64450 5659 49802 5051 44448 53270 70.27 6183514 4205 6053 4852 42696... 3471 2683 23102 6044 4670 40211 4168 43011 49927C. 29884 52038 35889 4995 5799 4()04 34474... 18.78 163012429 21086 4230 36718 28372 2917 30348 4()59C. 32 69 25323 3496 35228 24324 
Cl. 

2802" ... 799<; 6181 10759 1138947 1651> 13923 1275 1363 11508 1583 13358"50 9602 1093 922473'... 4373 404 3381Cll 911 7616 704 5885 6.28 7307.. 523 5252 753 6294 .74 5045603... 1901 507 3309 3.51>C1:Z; 2.91 4283 2954 4.19 3S40 487 4109 2837, 45' '35"2- ... 15.48 13541 1196 10468 18221 1859cn 2695 23580 20.82 16262 19489 2585 22623 15621 
CI4 

'" 2227 1785 ,."... 819 7158 12459 1272 154701059 9259 1845 16124 1426 11120 133271525 1770 10682 
C15 

1222... 3989 1038 6944 716 8621595 5160 8986 6197 7427 995 5953 
C1I 

28 65. 68746' '02 
514 , 1 ~9... 4568 ,Ollill 7951 799 98726.65 895 7096 8SCS 1112 68115 

C17 
I 9S8 758590'... 6483 164() 11318381 14604 \267 11285 12071 1573 14011942 10072 1355 967572' 1086•... 4513335 290 2579 4489 5574ClI 375 .53 5809 505 540 4802 6.27 433 3848'005•C1I .t< 388 3444 5994870 7757 600 6412 7442U

• 
-4,455. 5350 719 835 5.76 5\39'00 .. ."

I •• 541 4809 10832 8370 840 10392C20 7.00 6220 1218 942 7470 1007 8953 11 69 7176 
C21 

807 
9.47 732 6511 1275 11333 1138 140728423 1650 14667 10115 1364 12122 1583 97161093 

671C22 II. 11.25 9.945 76se 1961 1516 13382 1353 11944 14314 16616..11
• 

17318 1621 16.82 11473 
C23 

1299... 1570 1213 10363 18037 188513405 2733 23342 2112 16098 19293 22395 15464 
C24 

2259 2622 1811 
3053 2360 20819 4108 3667 44992... 26930 5311 46895 36236 32341 4395 38760 5101 3106612

• 
3522...C25 2326 20679 1798 15986 3130 27825 2793 34548<0 .. 36009 24834 3348 29763 3886 23855" 83 

Minimum Allowable Concentration at eae 

Monltorl Statto"Jnal\'n~ 2411 1901 4213 311403309 2837410'2'14 

Representaltv. Receptor lontton 

RequlrlM/o LQ_st Concentrallon 
 C12 C12 C12 C12 C12C12 C12 C12 

1999 Annual-10 yr 
5130/01 
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Table J-6 

Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Time: 1199 Slte-Specllk Meteorology 
Emissions: Togi pcas 
Prolecl Duration: i0·V.., 
Year: 2 

Represent;lljive Receptor Locations 

~. .,.,.,
••
'"••
.7

••••."
'"."." 
• 14 ." ." 
'17 
R1I

."., 
52 
C1 
C, 

C' 
C' 
CO 

C' 
C7 

C' 
C'.. 

C10 
C11 
C12 
C13 
C14 

C" 
C" 
C17 
C1I 
C1I 
C20 
C21 

·C22 
C23 
C24 
C25 

Minimum Allowlble Cone.nlrilion al 
tr.lch Monltorln Statton 'nalm] 

Repr...ntiltive Receptor LoclUon 
R~quif\ng Lnwest Conc~mn"on 

Receptor. Receplor-

SpecifieRlsk-
Specific 

BlSed Exposure AnnUiI' 

P."" Average PCB 

Coneenlrltlon Blckgrounc! 
Cone.ntrilion 

(nghn', ,... •... •... 70... 7.1... "... "... "... •... •... 11... •... ,... ,... 0.1... 0.'... •... ,., 
'01 7.'... 17... •... ,.,... 10... ..... ..... "... .. 
"' "... ,.... "... "... ..... II... ..... "... 20... "... •II. •... 1... '.0... 0... 1... 11... ..... 12... 0 

~ --~ 

COF C 
-N-orth Mon/tor:inGS"tlon South-Monito~rin Stilliion En! Monitorin Stalion 

Risk-Sased Risk-Sued Risk-Bued 
Dispersion Concentration Dispersion Conc.otrlltia" Oispenlon Concentration 

Factor _t MonHonng Fillclor iIIt MonHoring FilclOf iIIl Monitoring 

Point (ngIm3) Point (nglm') Pornl(nglm') 

92.06 3728.4'· 
. . 

7188 29109 14190 57468 
67.58 27101 r-' _5~.17 21159 10417 41772 
59.32 20109 46" 15700 91-43 30995 
28.Q1 11245 2187 8780 4317 17333 
29.79 11826 2326 9233 4592 18229 
13.73 5191 10.72 4053 2117 8001..... 16-465 34.41 12870 6794 25409 
1558 6249 12.17 4879 2402 9631 
6.23 2"'" 487 1952 9.61 3653 
16.313 7315 14.35 5712 2833 1Id?8 
15.50 6199 1210 4840 2389 9555 
7." 3151 614 2460 1211 4857 
9.20 3735 718 2916 1418 5757 
2208 9013 17.24 7037 3403 13892 
1310 53"" 1023 4174 2019 8241 
2564 10415 20.18 8132 3984 16054 
27.84 11321 2173 8839 4291 17450 
20.00 6030 156\ 6269 3063 12377 
1195 4683 933 3656 18.41 7219 
1842 7460 1438 5825 28.39 11499 
30 OS 12226 2347 9546 4632 18845 
6398 52077 4995 40659 98.61 80269 
483' 41264 3774 32232 74.51 63633 
5099 41505 3981 32405 7859 63974 
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2410 20919 1882 16332 3715 32243 
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8888 35560 8559 34321 10271 41185 11921 47803 
77 83 26,3~5 7512 25466 90 14 30559 10463 35470 
3675 14756 3547 14242 4256 17090 4941 19836 
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Table J-6 

Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Time: USI Slt.-Speclfic Meteorotogy 
Emissions: Tot.. 1 PCBs 
Project DUII,hon: 10.V ••, 
Yeilr: 3 


COFe CDF 0 
North Monitorl Stillion South Monltori $Ial+on Ent Monltorl st.tlon Wnt Monitorln Stalion North Monitoring st.tion South Monltor!n SI..llon West Monitorl St..llonEast Monitor! Stiltlon 

Receptor.
Receplor· 

Specific Risk-BnedSpeclftc RI.k· Risk-Based Rlsk-8ned Rlsk·BilsedRisk-8ased Risk-8uedRisk-Bued Rlsk-8ued
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Table J-6 

Calculation of Risk-Based Target Concentrations (Exposure Budget Line Slopes) for Total PCBs for the CDF C and 0 Monitoring Stations 


Time: 1991 Site-5peeiftc Meteorotogy 
Emissions: Total pcal 
Project OUf.lion: 10·V..., 
Year: 4 

COF C COF 0 
North Monitori Station South Monltori Station East Monitor! Station Wut Monitori Slatiot'! North MOnllor, Station West Monilorin StillionSouth Monitor. Station East MOnitor! Stillion 

~~ -- Receptor.
Receptor-

Specific
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C2 ..IO 65302 10538 6361 77 90 695716022 50 40' 
9248 67039 40469 49560 63.67 39434 
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Laboratory Assessment of PCB Volatilization from New Bedford Harbor Sediment • 

Background-
The U.S. Anny Engineer District, New England (CENAE), requested assistance with 

evaluating volatile emissions from New Bedford Harbor sediment. The CENAE is currently -
conducting a "Pre-Design Field Test" which includes evaluation of material handling systems in 

order to produce the most cost effective and efficient harbor cleanup activities. New Bedford -
.. 

Harbor contains high concentrations of polychlorinated biphenyls (PCBs) and volatilization of 

these compounds during dredging and disposal is a concern for impacts on air quality. The 

emission of volatile and semi-volatile organic compounds to air depends upon a variety of 

factors (Valsaraj et a1. 1997). Apart from contaminant concentrations in the sediment, other 

variables affecting air emissions include sediment moisture content, temperature, and relative air 

humidity. As part ofthe design activities, Foster Wheeler in coordination with the USAE and 

USEP A, is working to develop PCB air action levels during the harbor cleanup . 

• 

.. Mechanical dewatering of the sediment prior to placement has been proposed as a means to 

reduce PCB volatilization and enhance placement of the dredged slurry. Three different 

mechanical dewatering systems were evaluated and material from each of these tests and an 

untreated sediment sample has been tested for volatile emissions. To determine the effects of .. 
 increased temperature on PCB emissions, two additional emissions tests were conducted on the 


untreated material and one of the dewatered sediment samples at an increased temperature (6.7°C 

higher). Contaminants of concern include the fourteen World Health Organization (WHO) 

Congeners (Table 1), National Oceanic and Atmospheric Administration (NOAA) list of PCB 

congeners (Table 2), PCB totals, and arochlors. 

• 
This "memorandum for record" summarizes the laboratory results and includes all PCB 

• 


.. fluxes from the three dewatered sediment samples and the untreated New Bedford Harbor 


sediment sample. Also included are additional flux measurements from congeners that were also 


analyzed and are included on the "Canadian List of PCB Congeners" routinely analyzed in the 


.. 

analytical laboratory at the Engineering Research and Development Center (ERDC), 


Environmental Laboratory, Vicksburg, MS (Appendix A) . 


Methods

• 
Flux Chamber .. 


• 




Testing was conducted using a flux chamber designed by LSU and constructed at WES 

(Figure 1). This chamber has been used in numerous studies using both field sediments and 

laboratory spiked sediments (Price et al. 1997, 1998, 1999a, 1999b, Valsaraj et al. 1997, 1999, 

Ravikrishna et aI., 1998). The two-piece anodized aluminum chamber is devised to hold 

sediment at a depth of 10 cm and has a surface area of375 cm2
• The top portion of the chamber 

is designed with channels to distribute airflow uniformly across the sediment surface. The 

chamber is sealed with an O-ring and threaded fasteners for an airtight fit. 

Experimental Design 

Volatile emissions tests were conducted to provide information on maximum contaminant 

fluxes from exposed sediment under ambient room temperature conditions (-23°CI73.4°F) and at 

an increased temperature which simulated summer conditions in the New Bedford area 

(29.4°C/85°F). 

Four separate New Bedford Harbor sediment samples were shipped to the WES on ice and 

stored under refrigeration until used in emissions testing. These included an untreated (not 

dewatered) sample, and three dewatered samples using processes provided by Koester 

Environmental Services (Koester), Mineral Processing Service (MPS), and JCIlUpcycle 

Associates (JCI). The untreated and the JCI-dewatered sediment samples, which contained 61 

and 72 percent water, respectively, were thoroughly mixing before being added to the chamber. 

The Koester and MPS dewatered samples were comprised ofpieces ofthe dewatered filter-cake 

material. It was necessary to break the pieces up before mixing them an to as even a consistency 

as possible. The mixed samples were then added to the chamber. 

The chamber was filled with a known amount ofhomogenized sediment (oven dry weight 

(ODW)) and sealed (untreated (1.6 kg); Koester (2.1 kg); MPS (2.2 kg); JCI (1.0 kg). Air was 

passed over the sediment surface at 1.7 Llmin. This rate was based upon earlier investigations 

conducted with flow rates using this chamber (Valsaraj et al. 1997). The flow rate was chosen to 

eliminate fluxes controlled by air-side resistance, thereby maximizing contaminant fluxes which 

are sediment-side controlled. Increasing the flow rate does not result in increased flux rates 

signifying that sediment-side resistance becomes the controlling factor. If air-side resistance 

dominates, fluxes would be low and at a constant rate; whereas, fluxes controlled by sediment

side resistance show initial high values (maximum flux) followed by decreasing emissions. A 

thermohygrometer (Cole-Parmer) was connected to the exit port to monitor air temperature and 

-

-

-

-

-

-
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-
 relative humidity. Sediment moisture content was also determined before and after running the 

experiment with each sediment sample and at each temperature (Table 3). Contaminant-specific 

adsorbent-filled air sampling traps (XAD-2 resin (Orbo 44 from Supelco, Inc.)) were attached to- the chamber exit port. Traps were removed from the exit lines at the end of each sampling 

-
 interval, solvent extracted, and analyzed according to USEP A method 8082 (USEP A 1982). 


For the increased temperature conditions the chamber was heated to 8SoF using a temperature 

.. 
• controlled water bath. This increased temperature was chosen to simulate average maximum 

temperatures in the New Bedford area. Fresh samples of the untreated and the Koester 

dewatered sediment were used for emission testing under the higher temperature. The sampling 

schedule for all tests consisted of one continuous sampling interval over a period of seven days .. 	 with samples being collected at 6, 24, 48, 72 hours, and 7 days after the initiation of dry air (0% 

relative humidity) over the sediment surface. 

Contaminant flux, N(t), through the chamber was calculated using the equation 

N(t) = (J)m 

(J)tAc.. 
where .. 

(J)m = mass (ng) of compound collected on the trap in time (J)t (hr) .. 
Ac = area of the sediment-air interface, cm2 

.. 


.. 
 Results 

• 	 Emissions from Untreated New Bedford Harbor Sediment 

The majority of PCB congeners detected, exhibited increasing fluxes in the first 2-3 days 

following passage of dry air over the sediment surface with a subsequent decrease in flux to near 

or below initial emissions by day 7 of sampling. These trends are indicative of the diffusive .. 
transport of the chemicals to the air. As the sediment surface dries, there is little competition for 

sorption sites and fluxes decrease to low levels. Figures 2 and 3 give fluxes from congeners on .. 
.. 
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the WHO and NOAA lists from tests conducted at both 73° and 85°F. Figure 3 also shows fluxes 

for total congeners and the single arochlor (Arochlor 1242) detected in the exit air. Tables 4,5, 

6, and 7 give congener fluxes for the WHO, NOAA, arochlors, and total congeners, respectively. 

Table 8 gives fluxes of the additional congeners run which are included on the Canadian list. 

The lower chlorinated congeners 8, 18, and 28 (all included on the NOAA congener list) showed 

the highest emissions with fluxes peaking at 1.27,0.26, and 0.279 ng/cm21hr 48 and 72 hours 

after application of dry air over the sediment surface (Table 5). All other congener fluxes were 

below 0.10 ng/cm21hr. PCB 1242 was the only arochlor detected and reached a flux of 31.8 

ng/cm21hr 48 hours after application of air over the sediment surface (Table 6). 

Emission rates from the sediment under the higher temperature conditions were lower for the 

majority of congeners and the arochlor detected (Figures 2 and 3). In comparison to emissions 

from the non-heated sediment sample, congeners 8, 18 and 28 fluxes peaked at 0.58, 0.48, and 

0.079 ng/cm2/hr at the 48 hours sample interval and arochlor 1242 emissions reached 4.22 

ng/cm21hr at the 48 hour sampling. Emission trends were similar to those in the experiment 

conducted at room temperature indicating the same type of diffusive transport of the compounds 

from the sediment to the air. Sediment moisture was monitored for both experiments and it can 

be noted that there was no significant decrease in moisture content from either test (Table 3). It 

would be expected that the increase in temperature would result in increased water loss from the 

sediment; thereby, resulting in increased pore air space causing increased emissions. Sediment 

surface drying in effect decreases the sediment sorptive capacity for compounds and a resultant 

increase in fluxes is normally seen. The higher temperature did not result in a decreased surface 

moisture concentration and increased emissions from the heated sediment as compared to the 

room temperature test were not observed. Emission trends during these investigations indicate 

that PCB fluxes will be highest shortly after disposal. 

Emissions from Dewatered (Koester Method) New Bedford Harbor Sediment 

An additional four NOAA congeners (congeners 66, 87, 138, and 187) were detected in the 

exit air in experiments conducted with dewatered (Koester) New Bedford Harbor sediment 

(Figures 4,5, and 6) as compared to emissions from untreated sediment. Tables 9, 10,6, and 7 

give congener fluxes for the WHO, NOAA, arochlors, and total congeners detected, respectively. 

Table 11 gives fluxes from the additional "Canadian" list of congeners. Fluxes for all congeners 

were higher than those from the untreated sediment. In comparing fluxes to the untreated 

sediment emissions; congeners 8, 18, and 28 fluxes peaked at 12.3, 7.5, and 4.0 ng/cm21hr 24,6, 

and 24 hours, respectively, after dry air was passed over the sediment (Table 10). All other 

individual congener fluxes were at or below 1.0 ng/cm21hr. Arochlor 1242 reached 258 
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ng/cm2/hr at the 24 hour sample interval. These emission trends are in contrast to emissions • 
from the untreated sediment where peak fluxes occurred later (48 to 72 hours). The increased 

fluxes from the treated material are likely a result of the increased porosity of the dewatered 

-
- sediment which would lead to much easier diffusion ofthe compounds through the sediment to 

the air. The pore air space in the untreated sediment would be completely saturated thereby 

leading to a slower diffusion of chemical to the sediment surface. 

Another difference in emission trends from the Koester-treated sediment is that fluxes -
remained relatively constant over the course ofthe seven day experiment and did not show the 

decrease to day 7 observed for fluxes from the untreated material. Due to the conditions of the 

dewatered cake material, the porosity would remain relatively consistent throughout the deeper 

.. 


.. layers and fluxes would remain more constant over the short time. This behavior has been 


observed in previous investigations where the long term flux ofpolyaromatic hydrocarbons was 


lower from a high moisture content sediment as compared to a lower moisture sediment sample . 


A drop in moisture content (7%) in the surface layer of the sediment was seen which would 

increase the sorptive capacity of the sediment for chemicals resulting in a decrease in emissions .. over time. 

• Congener emissions from the sediment under the higher temperature were generally lower 


than those from the room temperature experiment. Congeners 8, 18, and 28 reached fluxes of 


.. 


.. 8.4,6.4, and 0 (none detected) 72 hours after initiation of air over the sediment. Arochlor 1242 


also peaked in 72 hours at 33 ng/cm2/hr. Emission trends were similar to those of the unheated 


test. The same percent drop in sediment moisture was also observed in this test. 


Emission trends in these experiments indicate that the dewatering process resulted in 

• significantly increased fluxes as compared to those of the untreated material. The decreased 

moisture content and increased air-filled pore space of the sediment would result in initially .. higher and longer term emissions following disposal. 

• Emissions from Dewatered (MPS) New Bedford Harbor Sediment 

• Congener emissions from the MPS dewatered sample were higher than those from the 

• 
untreated sediment sample but lower than those from the Koester dewatered sample (Figures 7 

and 8). Tables 12, 13, 6 and 7 give the WHO, NOAA, arochlors, and total congeners analyzed, 

respectively. Table 14 gives the list of Canadian congeners analyzed and detected. Two NOAA 

congeners (23 and 44) were not detected, but did appear in the tests conducted with the untreated 

.. 
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and Koester dewatered samples. Congeners 87 and 180 were detected in the air samples from -

the MPS test, but were not detected in the untreated sediment sample experiments. -

The MPS sample had a slightly higher moisture content than that ofthe Koester dewatered 

sample which may have resulted in slower diffusion of the compounds through the sediment 
layers. Flux trends from the MPS dewatered sample were similar to those from the Koester 

sample, revealing a more constant emission rate over time due to the decreased moisture content 

and increased porosity throughout the sample. However, a majority of the emissions had 
decreased back to or below initial concentrations by day 7. The majority of individual congener 

fluxes peaked 72 hours after passage of dry air over the sediment. Congener 8 and 18 fluxes 
peaked at 3.1 and 2.1 ng/cm21hr 24 and 72 hours after initiation of the test. All other congener 

emissions were below 0.40 ng/cm21hr. The moisture content of the sediment decreased from 39 -
to 28 % over the course of the experiment. 

-Emissions trends from this experiment indicate that the MPS dewatered material would result 

in lower initial fluxes than those from the Koester sediment sample. Slightly higher emissions ... 
were observed from this material as compared to the untreated sediment at field moisture 

content. .. 
Emissions from Dewatered (JCI Method) New Bedford Harbor Sediment .. 

Emissions from the lCI dewatered sediment sample were initially slightly higher than those 

from the MPS sample, but decreased to approximately the same levels as the MPS emissions by • 
day seven. Fluxes for most congeners peaked 24 to 48 hours after dry air was applied over the 

sediment surface. Figures 9 and 10 show emission of all detected congeners and arochlors. •Table 15, 16,6 and 7 present emissions for the WHO, NOAA, arochlors and total congeners 

analyzed, respectively. Emission trends were similar to those in the MPS test, revealing an .. 
increase in flux followed by a decrease to initial or lower fluxes. Table 17 gives emissions of the 

additional congeners run included in the Canadian list. 
... 

Congeners 8 and 18 peaked at 6.1 and 4.4 ng/cm21hr 6 and 48 hours after application of air. 

All other emissions were at or below 1.0 ng/cm21hr. Arochlor 1242 showed a high flux of 32.6 
ng/cm21hr at the 6 hour sample interval. Dewatering of this sample was not successful, making it 

difficult to ascertain flux emissions. -
When comparing emissions from the lCI treated sample to the untreated sediment, congeners 

6 .. 



.. 
• 	 28 and 44 were not detected in this test. In addition, congeners 28, 44,66, 87, 138, and 187 were 

absent from this test but appeared in the exit air from the Koester treated sample. Congeners 87 

and 180 were present in the traps from the MPS sediment test, but were absent in this 

-
- experiment; whereas, congener 153 appeared in the exit air ofthe JCI test but was absent from 

the MPS sample. 

Summary ofData 

• 
In order to facilitate comparison of fluxes, Table 18 gives maximum comparative fluxes 

• between all sediment samples for all congeners and arochlors detected in the exit air from each 

• 
test. The highest fluxes were from the unheated Koester sediment test due to the low moisture 

content and high sediment porosity. The lowest emission rates were from the untreated sediment 

• 
and the second lowest were from the MPS dewatered sample. Congener 118 was the only WHO 

congener detected in the exit air from all sediment samples. The remaining congeners listed in 

this table are from the NOAA list. Table 18 also give arochlor 1242 and total congener fluxes. 

• 	 Results of these investigations reveal that PCB emissions will be highest during the initial 

placement stages of the material. Results imply that dewatered sediment will initially result in 

• 	 increased fluxes over the short term as compared to disposing of a wetter, untreated sediment. 
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Table 1. WHO Congeners 

ICongener Number IUPAC Name 

PCB 77 33 '44 '-Tetrachlorobiphenyl 

PCB 81 344'5-Tetrachlorobiphenyl 

PCB 105 233'44'-Pentachlorobiphenyl 

PCB 114 2344'5-Pentachlorobiphenyl 

PCB 118 23'44'5-Pentachlorobiphenyl 

PCB 123 2'344'5-Pentachlorobiphenyl 

PCB 126 33'44'5-Pentachlorobiphenyl 

PCB 156 233'44'5-Hexachlorobiphenyl 

PCB 157 233'44'5'-Hexachlorobiphenyl 

PCB 167 23'44'55'-Hexachlorobiphenyl 

PCB 169 33'44'55'-HexachlorobiphenyI 

PCB 170 22'33'44'5-Heptachlorobiphenyl 

PCB 180 22'344'55'-HeptachlorobiphenyI 

PCB 189 233'44'55'-Heptachlorobiphenyl 
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Table 2. N.O.A.A. Congeners 

Congener Number IUPAC Name 

PCB 8 24'-Dichlorobiphenyl 

PCB 18 22'5-Trichlorobiphenyl 

PCB 28 244'-Trichlorobiphenyl 

PCB 44 22'35'-Tetrachlorobiphenyl 

PCB 52 22'55'-Tetrachlorobiphenyl 

PCB 66 243 '4'-Tetrachlorobiphenyl 

PCB 49 22'45'-Tetrachlorobiphenyl 

PCB 87 22'345'-Pentachlorobiphenyl 

PCB 101 22'455'-Pentachlorobiphenyl 

PCB 105 233'44'-Pentachlorobiphenyl 

PCB 118 23'44'5-Pentachlorobiphenyl 

PCB 128 22'33'44'-Hexachlorobiphenyl 

PCB 138 22'344'5'-Hexachlorobiphenyl 

PCB 153 22'44'55'-Hexachlorobiphenyl 

PCB 170 22'33'44'5-Heptachlorobiphenyl 

PCB 180 22'344'55'-Heptachlorobiphenyl 

PCB 183 22'344'5'6-Heptachlorobiphenyl 

PCB 184 22'344'66'-Heptachlorobiphenyl 

PCB 187 22'34'55'6-Heptachlorobiphenyl 

PCB 195 22'33'44'56'-Octachlorobiphenyl 

PCB 206 22'33'44'55'6-Nonachlorobiphenyl 

PCB 209 22'33'44'55'66'-Decachlorobiphenyl 

-
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Table 3. Sediment Moisture Contents Before and After Emissions Testing 

Sediment Sample Initial Moisture (%) Ending Moisture (%) 

Untreated 61.3 63.9 

Untreated @ 85°F 61.3 60.1 

Dewatered (Koester) 34.4 27.7 

Dewatered (Koester) @ 85°F 34.4 28.2 

Dewatered (MPS) 39.1 27.7 

Dewatered (leI) 71.9 71.5 
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Table 4. PCB Fluxes (ng/cm
2
/hr) (WHO Congeners) from Untreated New Bedford Harbor Sediment at Room Temperature (73°F) and at 85°F 

Sample PCB 77 PCB 81 PCB 105* PCB 114 PCB 118* PCB 123 I~" 1, 

Time 

73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 7JOF ",oF 

16 hour <IU <IU <IU <IU <IU <IU <IV <IV <10 <10 <IU <10 <10 <IU 

24 hour <IU <10 <IU <IU <IV <IU <IV <IV <10 U,OUI5 <\U <10 <10 <\U 

48 hour <IU <10 <IV <IU <IV <10 <IV <'0 1UUOUJO O.OOUJI <IU <\U <\U <10 

72 hour <IU <10 <IU <IU <IV <IU <IV <'0 U.OUOol 00010 <10 <10 <10 <10 

7 days <10 <10 <10 <10 <10 <10 <10 <10 000048 0.00028 <10 <10 <10 <10 

Sample PCB 156 PCB 157 PCB 167 PCB 169 PCB 170· PCB 180· PCB 189 

Time 

73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 7JoF 85°F 

10 nour <10 <10 <\0 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

24 hour <10 <IU <10 <10 <\0 <10 <lU <IU <10 <10 <\0 <\0 <10 <10 

48 hour <'0 <IU <IU <10 <IV <10 <'0 <'u <10 <10 U uozu <10 <'u <\u 

,72 hour <lU <IU <lu <lu <10 <IU <IU <10 <IU <lU <IV <IU <'0 <IV 

'Clays .UOOOOO <IU <IU <'0 <IV <IU <IV <'0 <'0 <IV <10 <IV <,u <10 

I , , , , , , , I IIJ r r I I I• 
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TableS. PCB Flux •• (A&I, m1/hr) (NOAA Congeners) from Untreated New Bedford Harbor Sediment at Room Temperature (73°F) and at 85°F 

Sample PCB 8 PCB 18 PCB 28 PCB 44 PCB 49 PCB 52 PCB 66 
Time 

73°F • 5°F 7J°F "oF 7J°F ",oF 7J°F 8'oF 7J°F 85°F 7J°F 85°F 7JoF "'OF 

6 hour 0.562 0.159 0.J68 0.108 0056 0.024 0.00>1 00027 001> 0.0044 0019 000>5 <10 <10 

24 hour 1.07 0.575 0.733 0444 0.172 0059 0024 0016 0.0>8 0.030 006 0.032 <\0 <10 

48 hour 1.27 0.581 0903 0484 0.254 0079 0039 0024 0085 0049 0.097 0059 <10 <10 

7200ur 1.20 O.34C 1 0.926 0)70 0.2 9 I 0062 "".4 0040 00., Uu., I U.IU' u.u/O <IU < a 

7da~ I U.339 0.118 1 0.)77 0211 0150 0032 002, UOu>1 u.U49 u.uu I u.u,6 u u,. <lU <lu 

Sample PCR87 PCB 101 PCB 118 PCB US PCB IS3 PCB 183 PCB 184 

Time 

7J°F ",oF 7JoF 8'oF 7J°F ",oF 7JoF 85°F 7JoF "oF 7JoF 85°F 7JoF 85°F 

6 hour <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

24 hour <10 <10 0.0032 0.00;0 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

48 hour <\0 <\0 0.0042 , U.002. <IU <10 <\U <10 0.00038 <10 < 0 <10 <10 <10 

',"our <lU <10 10.U062 I u.uu<>O <10 <10 <lU <10 100002C <\0 <lu <10 <10 <10 

7 days <10 000009 0.0044 0.0023 <10 <10 <10 000022 000023 <10 <10 <10 <10 <10 

PCB 187 PCB 195 PCB 106 PCB 209 . 
73°F 85°F 73°F 8'oF 73°F 8'oF 7J°F • 5°F 

6nour <10 <10 <10 <10 <10 <10 0003> <10 

4nour <\U <\0 <IU <lu <lu <lu <10 < 0 

.. hour <lu <lu <lu <iu <10 <10 <10 <10 

200ur <lu < <IU <iu <10 <10 <IU <10 

7 days <10 <10 <10 <10 <10 <10 <10 <10 



• • • 

Table 6. PCB Flux (ng/
Cm2/hr) (Arochlors) from Untreated New Bedford Harbor Sediment 

(detection limit = 250 ng) 

Sample Time PCB 1016 PCB 1221 PCB 1242 PCB 1248 PCB 1254 PCB 1260 

6 hours <250 <250 12.8 <250 <250 <250 

24 hours <250 <250 27.2 <250 <250 <250 

48 hours <250 <250 31.8 <250 <250 <250 

72 hours <250 <250 30.0 <250 <250 <250 

7 days <250 <250 9.09 <250 <250 <250 

Untreated New Bedford Harbor Sediment @ 85°F 

Sample Time PCB 1016 PCB 12Z1 PCB 124Z PCB 1248 PCB 1254 PCB 1Z60 

10 hours <l)U <l)U 141 <L)U <l)0 <2)U 

24 hours <2)0 <2)0 IHI <2)0 <l)U <l)U 

4M hours <L)U <2)U 14 .LL <DU <DU <DU 

12 hours <DU <2)U I JVV <DV <l)V <DV 

., days <2)U <2)U 1.26 <L)U <l)U <L)U 

Dew.tered Koester Sediment Sample 

Sample Time PCB 1016 PCB lUI PCB IZ4Z PCB 1Z48 PLB 1Z54 PLB 1260 

6 hours <250 <250 229 <250 <250 <250 

124 hours <Z)U <z)0 2). <250 <2)U <DU 

48 hours <Z5U <25U 22 <250 <2)U <2)U 

7Z hours <Z50 <Z5U 2U <250 <250 <2)U 

'days <L)U <L)U 10) <25U <Z5U <Z)U 

, J I r , , , , ,J I I I I I 
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Table 6 (continued). Dewatered Koester Sediment Sample @ 850F 

II Sample Time PCB 1016 PCB 1221 PCB 1242 PCB 1248 PCB 1254 PCB 1260 

6 hours <250 <250 32.7 <250 <250 <250 

24 hours <250 <250 30.9 <250 <250 <250 

48 hours <250 <250 24.9 <250 <250 <250 

72 hours <250 <250 33.3 <250 <250 <250 

7 days <250 <250 24.5 <250 <250 <250 

Dewatered MPS Sediment Sample 

Sample Time PCB 1016 PCB 1221 PCB 1242 PCB 1248 PCB 1254 PCB 1260 

6 hours <250 <250 15.2 <250 <250 <250 

24 hours <250 <250 14.1 <250 <250 <250 

48 hours <250 <250 11.5 <250 <250 <250 

72 hours <250 <250 11.8 <250 <250 <250 

7 days <250 <250 7.79 <250 <250 <250 

Dewatered JCI Sediment Sample 

Sample Time PCB 1016 PCB 1221 PCB 1242 PCB 1248 PCB 1254 PCB 1260 

6 hours <250 <250 32.6 <250 <250 <250 

24 hours <250 <250 28.3 <250 <250 <250 

48 hours <250 <250 28.0 <250 <250 <250 

72 hours <250 <250 14.8 <250 <250 <250 

7 days <250 <250 7.70 <250 <250 <250 

!III 

-

.. 


Table 7. PCB Flux (nglcm2/hr) (Total Congeners) from New Bedford Harbor Sediment Samples 

Sample Time Untreated Untreated @ 
850C 

Koester Koester@ 
850C 

MPS JCI 

6 hours 0.540 0.134 11.8 6.54 2.32 4.79 

24 hours 0.901 0.529 11.3 7.22 2.20 4.26 

48 hours 1.11 0.622 10.5 8.00 2.43 5.66 

72 hours 1.14 0.528 10.2 8.21 2.67 3.60 

7 days 0.643 0.253 10.4 6.45 1.99 2.28 

• 
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Table 8. PCB Fluxes (nglcml/hr) (Canadian Congeners) from Untreated New Bedford Harbor Sediment at Room Temperature (73°F) and at 85°F 

Sample PCB 1 PCB5 PCB7 PCB 15 PCB31 PCB 40 PCB 50 

Time 

73°F 35°F 7loF 35°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 

6 hour 0,080 00\ <\0 <\0 0.029 0.009 0.006 <\0 <\0 <\0 <\0 <\0 <\0 <\0 

24 hour 0.07\ 0032 0.0026 <\0 0.056 0.030 <\0 <\0 <\0 <\0 0.014 0.00062 <\0 <\0 

48 hour 0.062 0.028 0.0033 <\0 0.065 0.030 <\0 <\0 <\0 <10 001. 0.001> <10 <10 

2nour 0.044 0030 0.0030 <10 00', 0019 <\0 <\0 <\0 <10 0030 .OOOJO <to <10 

7 days ,0.0\0 0.003 <10 <10 002 000 <10 <\0 0166 <10 I 0019 OUOO8 <10 <10 

Sample PCB 54 PCB 641 PCB 66 PCB 70 PCB 81 PCB 82 PCB 86 

T\me 

73°F 85°F 7loF 85°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 

6 hour 0.068 0.0031 <\0 <10 <\0 <10 <\0 <10 <10 <10 <\0 <\0 <10 <\0 

24 hour o ISS 00074 <\0 <\0 <\0 <\0 00017 000055 <\0 <10 <10 <10 <10 <\0 

48nour 0.20\ 0.0046 <\0 <10 <10 <10 00035 0.0012 <\0 < 0 <\0 <10 0.0006, <10 

72 hour 0.210 00091 <10 <10 <\0 <10 0.0046 0.0028 <10 <\0 <10 <to 0.0010 <to 

7 days 0.091 0.00076 0.00007 <\0 <10 <10 0.0035 000087 <\0 <\0 <10 <10 0.00091 <\0 

Ir.:= Pet 97 PCI \03 PCB 110 PCB 111 PCB n9 PCB \36 PCB \37 

73°F 85°F 73°F 8soF 73°F 85°F 73°F 85°F 73°F 85°F 73°F 35°F 73°F ",OF 

6 hour <\0 <\0 <\0 <\0 <10 <10 <10 <10 <\0 <10 <10 <\0 <\0 <\0 

124 hour <10 <10 I 0.00042 <\0 0.00088 <\0 <\0 <10 <10 <10 <10 <10 .O.VOI. <\0 

48 hour 0.000 <\0 0.0013 <\0 0.0022 0.00066 <\0 <\0 <10 <10 0.00044 <10 <10 <\0 

, nour Owl O.w,,,, 0.W14 <10 0.0041 . v.wl <10 <\0 <\0 <\0 0.00064 <to <\0 <\0 

'"a)'5 V.WIO <Iv V.W\4 <tv 0003 0.000" <to <10 <10 <\0 0.000'0 <\0 <\0 <\0 

, , , , , ,J I I I I II I J f 
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Table 8 (co.thlued). 

S....ple PCB 141 PCB 143 PCB 151 PCB 154 PCB 155 PCB 157 PCB IS. 

Time 

73°F 85°F 73°F 85°F 73°F "oF 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 

6 hour <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

24 nour <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

48 hour <10 <10 <10 <10 0.0007 <10 <10 <10 <10 <10 <10 <10 <10 <10 

112 hour <10 <10 < 0 <10 I 000025 000082 <10 <10 <10 <\U <lU <ou <lu <IV 

I a.ys , U.IJUUO'J <lU <10 <10 0.0003 <10 <10 <\0 < < 0 <'U <'0 <10 <10 

Sample PCB 17] PCB 173 PCB 182 PCB 185 PCB 190 PC1l1.1 PCB 1.4 

Time 

73°F 8'oF 73°F 8'oF 73°F 8'oF 73°F 8'oF 73°F .'oF 73°F 8'oF 73°F 8'oF 

6 hour <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 < 0 

24 nour <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 0001 <10 < 0 

...our <\U <lU <10 <10 <10 <'10 <TO <TO <10 <\0 00020 <\U <'0 <IU 

12 hour <'0 <'0 <10 <'0 <10 < 0 <10 <10 <10 <lu <\U <lU < 0 <IV 

7 days <10 <10 <'0 <10 <10 <10 <10 <10 <10 <10 <'0 <10 <10 <10 

Pel 1'. PCB 198 PCB 199 PCB 200 PCB 101 PCI: 202 PCB ,03 

73°F 85°F 73°F 8'oF 73°F 8'oF 73°F 85°F 73°F 85°F 73°F 8'oF 73°F "oF 

6 hour <'0 <\0 <10 <10 <\0 <\0 <10 <{O <10 <\0 ..::jO <10 <10 <\0 

I "Rour <lU <lU <lu <10 < 0 <\0 <[0 <10 <10 <10 <10 <1\1 <10 <\U 

48 hOW' <'0 <10 <'0 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

2 hour <10 <10 <'0 <10 <10 <10 <10 <10 <10 <'0 <10 <10 <10 <10 

days <10 <10 < 0 <\0 <10 <10 <10 <10 <10 <10 <10 <I <10 <10 



ITable 8«o.lI.ued~ 

Sample 
II T:, 

6 hour 

24 hour 

4S hoor 

2 nour 

, o.ys 

73°F 

<10 

<10 

<10 

<10 

qu 

PCB 205 

""oF 

<10 

<10 

<\0 

<10 

<lu 

PCB 206 

73°F 

<10 

<10 

<\0 

<10 

<IU 

""oF 

<10 

<10 

<\0 

<\U 

<10 

PCB 207 

7JOF 

<10 

<10 

<10 

<10 

<10 

8,oF 

<10 

<10 

<10 

<Iu 

<IU 

I 
PCB 208 

7JoF 

<10 

<10 

<10 

<lu 

qU 

8'oF 

<10 

<10 

<10 

<lu 

<IU 

xe.(nglcm2/hr) (WHO Congeners) from Dewatered (Koester method) New Bedford Harbor Sediment at Room Temperature (73°F) and at 85°F 

Sample 
Time 

PCB 77 PCBSI PCB 105* PCB 114 PCB l1S* PCB 123 PCB 126 

73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 

1 U uu/. 

85°F 73°F 85°F 73°F 85°F 

16 nour <\0 <\0 <IV <IV <lu <IV <IU <IV U.UUjU <10 <IV <\0 <\0 

124 hour <\0 <10 <\0 <Iu <10 <lu <10 <10 u.0075 0.0045 <10 <10 <10 <10 

I'. nour <IV <lu <1U <IV <10 <IV 'V.VVVll <1U 1 V VV", v vv'" <10 <IU <IU <IV 

IL nour <IV <10 <10 <10 <IU <10 1 V UUVl' <IV QVV"" UUVMO <10 <IV <IV <IV 

. oays <IV <10 <IU <IV <\0 <10 1UWUll <IU U uon U UU/4 <IV <IU <IV <10 

Sample PCB 156 PCB 157 PCB 167 PCB 169 PCB 170' I'LU 18U' PLt 189 

73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 

o nour <IV <10 <10 <1U <10 <10 <10 <IU <1U <IV <10 <IV <IV <IV 

. ,,4 nour <IV <LU <10 <LU <10 <10 <IU <10 <Iv <Iv <10 <'v <IV <10 

•• nour <IV <10 <10 <10 <10 U.UVU46 <10 <IV <Iv <1U <10 <IV <Iu <IV 

72 hour <IV <10 <10 <10 <10 <10 <IV <IU <1U <Iv <10 <IV <IU <IV 

7 days . U.000\6 <IV <Iv <Iv I V VUV"j <IV <Iv <IV <IV <IV V.VVV3\ <\0 <IU <\0 

I I I , f , I , , , I I J I I ,• 
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Tabl.IO. PCB Fl.... (DgI'ml/hr) (NOAA Congeners) from Dewatered (Koester method) New Bedford Harbor Sediment at Room Temperature (73°F) and at 85°F 

Sample PCB8 PCB 18 PCB 28 PCB 44 PCB 49 PCB52 PCB 66 
Time 

73°F 8soF 73°F 8sOF 73°F 8soF 73°F 8soF 73°F 8SoF 73°F 8So 
F 73°F 8SOF 

6 hour 10.9 5.82 49 5.4. 3,80 <10 0.322 0155 0860 0.425 1.02 0.456 <10 <10 

24.our 12.3 769 702 5.74 3.96 <10 0441 0187 0989 0584 1.16 0612 <10 0037 

48 nour 114 8.15 63 613 2.31 <10 0.438 0.306 0968 0634 112 0.863 <10 0044 

2.our 12.0 ,.41 6.02 039 2.21 <10 0 0'" 1.38 0671 10. I 0.915 <10 0049 

, aays 
1 

8 .38 ,... 6."' 4."" I ,." <lU I U"0 0,,0 U"' 0."4 I u.,2 u.,.,u 0.03~ I u.o" 

Sample PCB 87 PCB 101 PCB 118 PCB 138 PCB IS3 PCB 183 PCB 184 

Time 

73°F SSoF 73°F 8SoF 73°F 85°F 73°F 85°F 73°F 85°F 73°F 8So 
F 73°F 8SoF 

6 hour <10 <10 0.047 0,2 <10 <10 <10 <10 00037 0,0023 <10 <10 <10 <10 

24 hour 0.00098 <10 0050 0.037 <10 <10 00020 <10 00020 0,0030 <10 <10 <10 <10 

I....'" 0.00088 <10 0.0" 0,"" <10 < 0 0.OU16 <10 U0001 0.0039 <10 <10 <10 <10 

'" no", 0.000"" <10 . U.U>I 0.04 < 0 <10 u.uull < 0 , uOuo, 0.0049 < 0 <10 < 0 <10. 
, aays 0,0011 <10 0.043 0.053 0.000\6 <10 0.0015 <10 0.0069 0.0059 0.00022 <10 <10 <10 

Sampl. P( B 187 PCB 195 PCB 106 PCB 109 

Time 

73°F SSoF 73°F 85°F 73°F 85°F 73°F 85°F 

6nour <10 <10 <10 <10 <10 <10 <10 <10 

l4 no", <IV <10 < 0 <10 < 0 < 0 <lU <10 

48 hour 00003 <to <\0 < 0 ...:10 <10 <10 <10 

I '" now 00003. <Iu < 0 <IV <lU <10 <10 <Iu 

, days 0.0003 0.00033 < 0 <10 <10 <10 <10 <10 



Tabl.l\. PCB Flux .. (Ogltml/hr) (Canadian Congeners) from Dewatered (Koester method) New Bedford Harbor Sediment at Room Temperature (73°F) and at 8SoF 

Sample 

Time 

PCB) PCBS PCB7 PCB IS PCB3) PCB 40 PCB SO 

73°F 8soF 73°F SSoF 7J°F 85°F 73°F 8SoF 73°F 85°F 73°F 85°F 73°F 85°F 

6 hour 0.784 0.428 0.026 <10 0564 0.402 <10 <10 210 <10 0.023 0012 <10 <10 

24 hom 0.685 0.479 0.023 <10 0.529 0.407 <10 <10 1.91 <10 0028 0022 <10 <10 

48 hour 0458 0.555 001 <\0 0,.4 4 0435 <\0 <\0 \.9-4 <\0 0028 0.024 <\0 <10 

72 hour 0.493 0431 0.015 <10 0440 0452 <10 <10 172 <10 0026 0024 <10 <10 

10.,. O.H> i o.OJ' OOIJ <10 1 0.,.. 0.J62 <10 <10 2.34 <10 1003Z 0.0," <10 <\0 

Sample 

Time 

PCB 54 PCB 60 PCB 66 PCB 70 PCB81 PcB8l P,-B86 

7JOF 85°F 73°F ssoF 7JoF 85°F 73°F 85°F 7J°F 85°F 7J°F 85°F 7J°F 85°F 

6 hour 1.69 0.016 <10 <10 <10 <10 0.048 0018 <10 <10 <10 <\0 0.008 <10 

24 hour 1.96 0.035 0.0016 <10 <10 0037 0.055 0.039 <10 <10 <10 <10 0.011 <10 

48 hour 1.8. 0.032 0.0011 <10 <10 0044 0.053 0.041 <10 <10 <10 <10 0.013 <10 

" .om IIJ 0.01> I 0.0009 <10 <10 0.049 0049 0.044 <10 <10 o OUO., <10 0012 <10 

10.,. ,0 0.030 0.001. <10 0.037 0.0>3 10.0 I 0.049 <10 <10 0.000Z7 <10 001 <10 

Sample 

Time 

PCB 97 PCB J03 PCB 1\0 PCB I1J PCB 119 PCB tJ6 PCB 137 

73°F SSoF 73°F 85°F 73°F 85°F 7J°F 85°F 73°F 85°F 73°F 85°F 73°F 85°F 

6nour 0.0092 0,0028 0.009 00024 0.034 0.014 <10 <10 <10 <10 0.0044 0.0028 <10 <10 

I" .our 0.01l 10.0061 0."""" I 0.0040 1 0.043 0.029 <10 <10 <10 «0 I 000,. 0.0001 <10 <10 

I" nOW' 10.01 • I 0.0082 0.010 1 0.0056 0.053 0.041 <10 <10 <10 <10 0.00.' 0.00", <10 <10 

2 nour 0.014 0.0093 0.0096 0.0065 0.050 0,047 <10 <10 <10 <10 0.005. 0.0093 <10 <10 

, 0'" 0.013 0.0081 0.0095 I 0.0055 0.05' 0.041 0.0013 <10 <10 <10 00050 0.0082 0.00028 <10 

, J I , , , , , , , , I J I I , I I 
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Table 11 (cOlitinued). 

Sample 

Time 

PCB I") PleB 143 PCB 151 PCB 154 PCB ISS PCB IS r~B IS9 

73°F 8soF 7loF 8soF 7loF 8soF 73°F 8soF 7loF 8SoF 73°F 8SoF 7loF 8soF 

6nour <10 <10 <10 <10 00025 <10 <10 <10 <10 <10 <10 <10 <10 <10 

24 hour <10 <10 <10 <10 0.0039 0.0023 <10 <10 <10 <10 <10 <10 <10 <10 

48 hour 0.00014 <10 <10 <10 00033 00030 <10 <10 <10 <10 <10 <10 <10 <10 

72 bour I 0.00'''' < 0 <10 <10 O.OO4Z 00034 <10 <10 <10 <10 <10 <10 «0 <10 

I days I O.UUUIO <10 <10 <10 00030 00031 <10 <10 <10 <10 <10 <10 <10 <10 

Sample 

Th.. 

PCB 171 PCB 173 PCB 181 PCB 185 PCB 190 PCB 191 ,leU I •• 

7loF 8S0F 7lOF 8S0F 7loF 8SoF 73°F 8So 
F 7loF 8So

F 73°F 8So 
F 7loF 8SoF 

6 hour <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

1"4 hour <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

40 hour <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <'0 

Zhour <10 <10 <10 <10 <10 <10 <10 <10 <'0 < 0 <10 <10 <10 <10 

7 days <10 <10 <10 <10 <10 <10 <10 <10 <10 <\0 <10 <10 <10 <10 

Sample 

Time 

PCB 196 PCB 198 PCB 199 PCB ZOO PCB 101 PCB lOt PCB 103 

7JoF 8SoF 7loF 8SoF 7loF 8soF 73°F 8SoF 7loF 8SoF 73°F 8SoF 7loF 8soF 

6 hour <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 

24 hOur <10 < 0 <10 <10 <10 <10 < 0 <10 <10 < 0 < 0 <10 < 0 < 0 

48 hour <\0 <10 <10 <\0 <10 <\0 <10 <10 <10 <10 <10 <10 <10 <10 

2 hour <10 <10 <10 -10 -10 <10 <10 <10 <10 <10 <10 <10 <10 <to 

7 days <10 <10 <\0 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 



• • 

Table t t (continued). 

Sample 

Time 

PCB 105 PCB 100 PCB 107 PCB 108 

73°F .'oF 73°F 8'oF nOF 8'oF 73°F .'oF 

6 hour <)0 <)0 <)0 <10 <)0 <)0 <)0 <)0 

24hollt <)0 <)0 <)0 <)0 <)0 < 0 <)0 <)0 

48 hour <)0 <)0 <)0 <)0 <)0 <)0 <)0 <)0 

72 hour <)0 <)0 <)0 <)0 <)0 <)0 <)0 <TO 

7 days < 0 <)0 <)0 <)0 < 0 < 0 <10 <TO 

, , , r , .. , , , I , I , I I I 




III 

,. 


• 

• 

• 
.. 

.. 

.. 

.. 

Table 12. PUS ~Iuxes (ngtCm2/hr) from Dewatered New Bedford Sediment (MPS method) 
WHO Congeners 

(detection limit = lOng) 

Sample Time PCB 77 PCB 81 PCB 105* PCB 114 PCB 118* PCB 123 PCB 126 

6 hours <10 <10 <10 <10 <10 <10 <10 

24 hours <10 <10 <10 <10 0.0030 <10 <10 

48 hours <10 <10 <10 <10 0.0026 <10 <10 

72 hours <10 <10 <10 <10 0.0062 <10 <10 

7 days <10 <10 <10 <10 0.0048 <10 <10 

Sample Time PCB ]56 PCB 157 PCB ]67 PCB ]69 PCB ]70* PCB ]80* PCB ]89 

6 hours <10 <10 <10 <10 <10 <10 <10 

24 hours <10 <10 <10 <10 <10 <10 <10 

48 hours <10 <10 <10 <10 <10 0.0010 <10 

72 hours <10 <10 <10 <10 <10 0.015 <10 

7 days 0.0033 <10 <10 <10 <10 0.0041 <10 

* = Congeners on both the WHO and NOAA lists .. 
Table 13. PCB Fluxes (ng/cm2/hr) from Dewatered New Bedford Harbor Sediment (MPS Method) .. NOAA Congeners 
{detection limit = lOng) 

PCB 8Sample Time .. 2.716 hours 

24 hours 3.09 

• 1.7448 hours 

72 hours 2.37 

• 7 days 1.44 

Sample Time PCB 87 

<106 hours 

<1024 hours 

<1048 hours 

0.0084

• 
72 hours 

7 days 0.0034 

PCB 18 

1.87 


1.68 

1.98 


2.13 


1.52 


PCB 101 

0.0087 


0.018 


0.023 


0.047 


0.027 


PCB 28 

<10 


<10 


<10 


<10 


<10 


PCB 128 

<10 


<10 


<10 


<10 


<10 


PCB 44 

<10 


<10 


<10 


<10 


<10 


PCB 138 

<10 


<10 


<10 


<10 


<10 


PCB 49 

0.204 


0.295 


0.269 


0.299 


0.220 


PCB 153 

<to 

<10 


<10 


<10 


0.0039 


PCB 52 

0.231 


0.340 


0.308 


0.341 


0.353 


PCB 183 

<10 


<10 


<10 


<10 


<10 


PCB 66 

<10 


<10 


<10 


<10 


<10 


PCB 184 

<10 


<10 


<10 


<to 

<10 


.. 23 
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Sample Time PCB 187 PCB 195 PCB 206 PCB 209 

6 hours <10 <10 <10 <10 

24 hours <10 <10 <10 <10 

48 hours <10 <10 <10 <10 

72 hours <10 <10 <10 <10 

7 days <10 <10 <10 <10 

-

.. 

-


• 


• 


• 


• 

.. 

.. 

.. 

-


24 .. 
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Table 14. PCB Fluxes (ng/cm1/hr) from Dewatered New Bedford Harbor Sediment (MPS Method) 
Canadian List (detection limit = \ 0 ng) 

Sample·Time PCB 1 PCBS PCB7 PCB 15 PCB31 PCB 40 PCB 50 

6 hours 0.200 <\0 0.\59 <\0 <\0 0.0053 <\0 

24 hours 0.\48 <\0 0.\58 <\0 <\0 0.0\59 <\0 

48 hours 0.\02 <\0 0.\\3 <\0 <\0 0.0\\ <\0 

72 hours 0.076 <\0 0.\22 <\0 <\0 0.02\ <\0 

7 days 0.045 <\0 0.079 <\0 <\0 0.0076 <\0 

Sample Time PCB 54 PCB 60 PCB 66 PCB 70 PCB81 PCB 82 PCB 86 

6 hours 0.0\\ <\0 <\0 0.0066 <\0 <\0 <\0 

24 hours 0.020 <\0 <\0 0.0\4 <\0 <\0 <\0 

48 hours 0.013 <\0 <\0 0.013 <]0 <lO <lO 

72 hours 0.035 <\0 <]0 0.Q28 <\0 <\0 <]0 

7 days 0.0048 <\0 <]0 0.0\6 <]0 <\0 <10 

Sample Time PCB 97 PCB 103 PCB 110 PCB 121 PCB 129 PCB 136 PCB 137 

6 hours 0.00\2 0.0020 0.0088 <]0 <]0 <\0 <]0 

24 hours 0.0035 0.0050 0.0\7 <10 <10 0.00\6 <]0 

48 hours 0.0039 0.004\ 0.020 <\0 <\0 0.0017 <\0 

72 hours 0.02\ 0.Q\8 0.045 <]0 <\0 0.024 <10 

7 days 0.0054 0.010 0.026 <10 <]0 0.0065 <10 



• • • • 

Table 14 (continued). 

Sample Time PCB 141 PCB 143 PCB 151 PCB 154 PCB 155 PCB 157 PCB 159 

6 hours <10 <10 <10 <\0 <10 <\0 <\0 

24 hours <10 <10 0.0016 <10 <10 <10 <10 

48 hours <10 <10 0.0023 <\0 <\0 <10 <10 

72 hours <10 <10 0.0097 0.0066 <10 <10 <10 

7 days <10 <10 0.0043 0.0068 <\0 <10 <10 

Sample Time PCB 171 PCB 173 PCB 182 PCB 185 PCB 190 PCB 191 PCB 194 

6 hours <10 <10 <10 <\0 <10 <10 <\0 

24 hours <10 <\0 <\0 <\0 <\0 <\0 <\0 

48 hours <\0 <10 <10 <\0 <10 <\0 <\0 

72 hours <10 <\0 <\0 <\0 <\0 <\0 <\0 

7 days <10 <10 <\0 <\0 <\0 <\0 <10 

Sample Time PCB 196 PCB 198 PCB 199 PCB 200 PCB 201 PCB 202 PCB 203 

6 hours <10 <\0 <\0 <\0 <\0 <10 <10 

24 hours <10 <\0 <10 <\0 <10 <\0 <\0 

48 hours <10 <\0 <\0 <[0 <[0 <[0 <[0 

72 hours <\0 <[0 <\0 <\0 <\0 <\0 <[0 

7 days <10 <10 <\0 <10 <10 <10 <10 

Sample Time PCB 205 PCB 206 PCB 207 PCB 208 

6 hours <10 <\0 <\0 <\0 

24 hours <10 <10 <\0 <\0 

48 hours <10 <10 <10 <\0 

72 hours <10 <10 <10 <\0 

7 days <10 <10 <10 <10 

, I , , , , , , r I I I r I I 
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Table 15. PCB Fluxes (nglcm1/hr) from Dewatered New Bedford Sediment (JCI method)• WHO Congeners 

(detection limit = 10 ng) 


- Sample Time 

6 hours 

- 24 hours 

48 hours 

• 72 hours 

7 days .. Sample Time 

6 hours .. 24 hours 

48 hours 

72 hours 

7 days 

PCB 77 

<10 


<10 


<10 


<10 


<10 


PCB 156 

<10 


<10 


<10 


<10 


<10 


PCB 81 

<10 


<10 


<10 


<10 


<10 


PCB 157 

<10 


<10 


<10 


<10 


<10 


PCB 105* 

<10 


<10 


<10 


<10 


<10 


PCB 167 

<10 


<10 


<10 


<10 


<10 


PCB 114 

<10 


<10 


<10 


<10 


<10 


PCB 169 

<10 


<10 


<10 


<10 


<10 


PCB 118* 

<10 


0.00076 


0.0034 


0.0039 


0.0044 


PCB 170* 

<10 


<10 


<10 


<10 


<10 


PCB 123 

<10 


<10 


<10 


<10 


<10 


PCB 180* 

<10 


<10 


<10 


<10 


<10 


PCB 126 

<10 


<10 


<10 


<10 


<10 


PCB 189 

<10 


<10 


<10 


<10 


<10 


.. * = Congeners on both the WHO and NOAA lists 

Table 16. PCB Fluxes (ng/cm1/hr) from Dewatered New Bedford Harbor Sediment (JCI Method) 
NOAA Congeners 

ill 

I (detection limit = 

• 
 Sample Time 


6 hours 

24 hoursill 

48 hours 

72 hoursill 

7 days .. Sample Time 

6 hours 

ill 24 hours 


48 hours 


• 72 hours 


7 days 


• 

• 


lOng) 

PCB 8 

6.06 


4.19 


4.79 


2.18 


0.797 


PCB 87 

<10 


<10 


<10 


<10 


<10 


PCB 18 

4.09 


3.55 


4.41 


2.59 


1.55 


PCB 101 

0.0087 


0.022 


0.015 


0.062 


0.053 


PCB 28 

<10 


<10 


<10 


<10 


<10 


PCB 128 

<10 


<10 


<10 


<10 


<10 

27 

PCB 44 

<10 


<10 


<10 


<10 


<10 


PCB 138 

<10 


<10 


<10 


<10 


<10 


PCB 49 

0.306 


0.484 


1.18 


0.551 


0.517 


PCB 153 

<10 


<10 


0.0021 


0.0020 


0.0029 


PCB 52 

0.385 


0.578 


1.12 


0.880 


0.618 


PCB 183 

<10 


<10 


<10 


<10 


<10 


PCB 66 

<10 


<10 


<10 


<10 


<10 


PCB 184 

<10 


<10 


<10 


<10 


<10 




Sample Time PCB 187 PCB 195 PCB 206 PCB 209 

6 hours <10 <10 <10 <10 

24 hours <10 <10 <10 <10 

48 hours <10 <10 <10 <10 

72 hours <10 <10 <10 <10 

7 days 0.00010 <10 <10 <10 
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-
-
-
-
-
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Table 17. PCB Fluxes (nglcm2/hr) from Dewatered New Bedford Harbor Sediment (JCI Method) 
Canadian List (detection limit = lOng) 

Sample Time PCB 1 PCB 5 PCB7 PCB 15 PCB31 PCB 40 PCB 50 

6 hours 0.298 <10 0.393 <10 <10 0.006 <10 

24 hours 0.092 <10 0.249 <10 <10 0.012 <10 

48 hours 0.064 <10 0.174 <10 <10 0.026 <10 

72 hours 0.021 <10 0.068 <10 <10 0.019 <10 

7 days 0.009 <10 0.027 <10 <10 0.024 <10 

Sample Time PCB 54 PCB 60 PCB 66 PCB 70 PCBSI PCBS2 PCBS6 

6 hours 0.014 <10 <10 0.009 <10 <10 <10 

24 hours 0.023 <10 <10 0.020 <10 <10 <10 

48 hours 0.025 <10 <10 0.058 <\0 <10 <10 

72 hours 0.014 <10 <10 0.044 <\0 <10 <10 

7 days 0.007 <10 <10 0.037 <10 <10 <10 

Sample Time PCB 97 PCB 103 PCB 110 PCB 121 PCB 129 PCB 136 PCB 137 

6 hours 0.0010 0.0031 0.0063 <\0 <10 <10 <10 

24 hours 0.0026 0.0051 0.010 <10 <10 0.0015 <10 

48 hours 0.010 0.013 0.042 <\0 <10 0.0056 <10 

72 hours 0.0087 0.0090 0.038 <10 <10 0.0044 <10 

7 days 0.0087 0.0070 0.043 <10 <10 0.0043 <10 
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Table 17 (continued). 

Sample Time PCB 141 PCB 143 PCB 151 PCB 154 PCB 155 PCB 157 PCB 159 

6 hours <10 <10 <10 <]0 <10 <]0 <10 

24 hours <10 <10 0.0012 <]0 <10 <\0 <10 

48 hours <10 <]0 0.0022 0.00063 <10 <]0 <\0 

72 hours <10 <10 0.0040 <]0 <]0 <]0 <10 

7 days <10 <]0 0.0024 <]0 <]0 <\0 <10 

Sample Time PCB 171 PCB 173 PCB 182 PCB 185 PCB 190 PCB 191 PCB 194 

6 hours <10 <10 <\0 <]0 <\0 <\0 <\0 

24 hours <10 <]0 <]0 <\0 <\0 <]0 <]0 

48 hours <10 <10 <]0 <]0 <]0 <]0 <10 

72 hours <\0 <10 <]0 <\0 <\0 <\0 <\0 

7 days <10 <\0 <\0 <\0 <\0 <\0 <\0 

Sample Time PCB 196 PCB 198 PCB 199 PCB 200 PCB 201 PCB 202 PCB 203 

6 hours <\0 <\0 <10 <]0 <10 <\0 <\0 

24 hours <\0 <\0 <\0 <]0 <10 <\0 <\0 

48 hours <\0 <\0 <\0 <]0 <\0 <\0 <\0 

72 hours <10 <\0 <\0 <]0 <\0 <\0 <\0 

7 days <\0 <10 <10 <\0 <\0 <\0 <\0 

, , , r , , , , , I I , I , I 
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Table 17 (continued). 

.. I I• 

SampJeTime PCB 20S PCB 206 PCB 207 PCB 208 

<106 hours <10 <10 <10 

<10 <1024 hours <10 <10 

<10 <10 <10 <1048 hours 

<10 <10 <1072 hours <10 

<10 <10<10 <107 days 

Table 18. Comparison of Maximum PCB Fluxes (ng/cm2/hr) Detected from New Bedford harbor Sediment Samples 

Congener Untreated Untreated @85°C Koester Koester @85oC MPS JCL 

118 0.00051 0.0015 0.0099 0.0086 0.0062 0.0044 

0 .L V.'OI lL.J M.41 j.V~ o.vo 

10 V.~LO V.4M 7.49 6.39 2.13 4.41 

28 0.279 0.079 3.90 <10 <10 <10 

"" V.V44 0.040 0.751 O.JD <10 <10 

4~ V.V'" 0.008 1.3M 0.0/1 0.2YY LIM 

52 0.097 O.Olg l.lb V.~D O.J'J 1.12 

66 <10 <10 0.03 I V.O,J <10 <10 

o. <10 0.00009 0.0011 <IV 0.00M4 <ill 

IVI O.VVOL 0.0000 0.05' lI.V" 0.041 O.OoL 

UO <10 V.VOVLL 0.0021 <10 <10 <10 

DJ O.OVOJO <10 V.OOO~ O.OO)Y 0.0039 0.0029 

10 < 0 <10 0.0003M O.OOOJ) <10 0.00010 

Arochlor 1242 31.M 4.22 258 JJ.J D.2 J2.0 

lotals 1.14 0.622 11.8 O.LI L.O '.00 
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Figure 4. Congener fluxes from dewatered 
(Koester) New Bedford Harbor sediment 
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Figure 5. Congener fluxes from dewatered 
(Koester) New Bedford Harbor sediment 
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Figure 7. Congener fluxes from dewatered 
(MPS) New Bedford Harbor sediment 
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dewatered (MPS) New Bedford Harbor sediment 
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• 	 FOSTER {F!J WHEELER 

- FOSTER WHEELER ENVIRONMENTAL CORPORATION 

-
TO: -
CC: 

ill 
FROM: 

.. DATE: 

SUBJECT: 

Memorandum 

Patricia Sumner, ACOE 

Ron Marnicio, FWENC; Helen Douglas, FWENC 

Tina Berceli-Boyle 

March 30, 2001 

Dewatered Sediment Screening Analysis .. 	 The Army Corp of Engineers (ACOE) has asked Foster Wheeler Environmental (FWENC) to perfonn a 
conservative screening analysis to evaluate the ambient air concentrations of volatilized PCBs emitted 
from dewatered sediment placed in a confined disposal facility (CDF) at the New Bedford Harbor Site... 	 Specifically, FWENC has been asked to look at the predicted changes in ambient air concentrations that 
result from varying the surface area of the sediment acting as an active source. 

• 

.. There are several reasons that a dewatering option is being considered. Under the wet sediment scenario, 
the wet slurry would be pumped into the CDFs where it would be treated over a period oftirne. Because 
of the consistency of the slurry, the wet sediment would cover the entire bottom of the CDF's, so that 
volatile PCBs would be emitted from the entire area. Preliminary reviews have identified few practical 
options to control the volatile emissions from the wet sediment. 

• Required storage capacities would also be reduced if the dewatered option is used. The wet slurry 

.. 
occupies a much larger volume per mass of dry sediment stored than a dewatered sediment would 
occupy. It has been estimated by vendors that dewatering will reduce the in situ sediment volume by 
50%, allowing for reduced storage requirements . 

However, an 	additional effect of dewatering the sediment is a higher PCB emissions flux from the 

• 
dewatered versus the wet sediment. Studies perfonned by WES have shown an emission flux of -258 
ng/cm21hr for detected Aroclors from sediment dewatered using the Koester method. In comparison, 
WES has shown wet sediment to have a flux of detected Aroclors of -31.8 ng/cm21hr. The area of 
exposed dewatered sediment is directly related to the amount ofvolatile PCB's released.

• It appears that there is more flexibility to define the area of exposed sediment with the dewatered option 
than with the wet option. As mentioned above, the wet slurry will cover the entire area of the CDF. But, 

• the dewatered sediment has a much different consistency and can be placed in the CDF in lifts, so that 
the entire area of the CDF does not need to be exposed. In addition, it appears that there are more 
practical options for controlling emissions from dewatered sediment that has already been placed in the 

• CDF. However, the effectiveness of these options can only be assessed if the effect of changing source 
areas and configurations on ambient air concentrations can be scaled. For these reasons, the ACOE has 

.. 
 Page I 



--

.' 

• 

asked FWENC to take a preliminary look at potential changes in ambient concentrations that result from 
different emissions source area sizes and orientations. 
There are several factors that could influence ambient air concentrations caused by emissions from a 
CDF storing dewatered sediment. These factors include: • 

• Size of exposed area 

• Location of exposed area within the CDF 
• Suppression of emissions from exposed areas using engineering controls (i.e., interim covers, sprays) .. 
The effect of each of these factors has been quantitatively evaluated using the SCREEN3 model. 
SCREEN3 is an EPA-recommended model that estimates short-term grotmd level concentrations for 
point, area and volume sources. Area sources are modeled using a numerical integration approach that -allows for the area to be approximated as a rectangle. Since the grotmd level concentration at a particular 
distance downwind from an area source is dependent upon its orientation, SCREEN3 allows the user to 
choose a wind direction whose orientation is relative to the long axis of the rectangular area source. It is 
important to note that SCREEN3 is a very conservative dispersion model. It is traditionally used to 
measure short term concentrations (i.e. one-hour averages), because the model assumes that the wind is 
blowing in only one direction, directly at the receptor. In addition, the model chooses the wind speed and 
stability class combinatiori from their set of standard conditions that results in the highest ground level 
concentration. However, SCREEN3 is appropriate for purposes of evaluating the relative impact of area 
source configurations on ambient air concentrations. Because this analysis focuses on the relative impact 
of changing source configurations, the model was run with a unit emission flux of 1 ug/m3/g/s/m2

• These 
normalized concentrations can be converted to ambient air concentrations by multiplication with the 
emission flux in g/s/m2

• ., 
At the time of this study, it appeared that the dewatered sediment would be stored in CDF D. For this 
reason, the modeling was run using CDF D as our main area source. The CDF D Alternatives Analysis 
Report (Rev. A) indicates that the area of CDF D in a dewatering scenario would be 542,436~. For • 
purposes of modeling, the CDF D was approximated using a rectangular area measuring 1200 ft (365.8 
m) by 450 ft (137.2 m). The proposed location of CDF D places land mass mostly on the north, 
northwest, west and southwestern directions. For this reason, throughout the modeling analysis, 
boundary receptors were placed on the north, northwest, and west sides of the area source as shown 
below. 

BP3 
BP2 

• 


... 

-

... 
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-
• 	 This screening analysis has been divided into four segments. Segment I evaluates the effect of changing 

the size of the emitting area on maximum grOlmd-level concentrations. For this portion of the analysis, 
all of the rectangular source areas were centered on the same point (see below). Segment n shows the 
effect of varying the location of the emitting area within the CDF (relative to receptor location) on - maximwn ground-level concentrations. Segment ill illustrates the effect of using a daily vapor 
suppressing cover on portions of the CDF that are not being actively disturbed. This segment uses 
proposed operating parameters as presented in the CDF D Alternatives Analysis Report (Rev. A). to -

-
define more realistic somce configurations. Finally, Segment IV brings all of these somee configurations 
together and evaluates the reduction in ground-level concentrations as one moves away from the CDF. 
Each ofthese segment analyses are presented in greater detail below. 

Segment]

• As presented above, Segment I of the analysis illustrates the change in maximum ground-level 
concentrations as the size of the emitting area is changed. Four different area sizes were evaluated: 

• • 100% of the CDF D area (50,188 m2
) 

• 75% of the CDF D area (-37,840 m2
)

• • 50% ofthe CDF D area (-25,120 m2
) 

• 25% of the CDF D area (-12,380 m2
)

• SCREEN3 allows placement of receptors around a point located at the center of the rectangle. For this 
segment analysis, the four areas were evaluated around the same center point as shown below. 

• 


• 


• 

• Common Central 

Reference Point 

• 


• 


• 


.....-- 100% area boundary 

......-... -

... , 

.... .... 

"""'-, 75% area boundary 

50% area boundary 

25% area boundary 

For modeling purposes, receptors were placed on the west, northwest, and north sides of each source area 
(not the edge of the entire CDF) (BPI, BP2 and BP3 respectively). The source configurations are 
illustrated on the attached worksheet labeled "Segment 1". The SCREEN3 model was run for each of .. 
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these areas using the following inputs/options (Please note that these same inputs are used throughout the -analyses): 

• 	 1 g/s/m2 emission rate .. 
• 	 0 m source release height 

• 	 0 m receptor height 
• 	 rural option (uses more conservative rural dispersion parameters) 

• 	 specified direction based on location ofreceptors -
• 	 full meteorology (search through all combination of windspeed and stability and chooses the 

combination with maximum impacts) 

-The results of these runs are presented on the attached worksheet (labeled Segment 1). Two conclusions 
can be reached from this set of data. 

• 	 Ground-level concentrations at a fixed receptor location (i.e., on the edge of the full CDF) decrease 
as the emitting area decreases. This trend is illustrated on the attached Chart 1 for BPl(lOO). 

• 	 The maximum ground-level concentrations for each size area (which are at the boundaries of the 
emitting area) decrease as the size of the emitting area decreases. This trend is illustrated on the 
attached Chart 2 for BPI (1 00), BPI(75), BPI(50) and BPI(25). 

Segment!! 

The Segment IT analysis illustrates the change in maximum ground-level concentrations associated with 
changing the location of the emitting area within the CDF. For this analysis, four source configurations 
were constructed as illustrated on the attached worksheet labeled Segment IT. In. each configuration, it 
was assumed that 50% of the area of the CDF would be emitting volatile PCBs. As shown on the 
worksheet, the emitting area was sequentially set in the north, south, east and west halves of the CDF lit 

area. As in segment I, three receptors were placed around the boundaries of each source configuration: 
BP1, BP2, and BP3. The SCREEN3 model was run for each of these receptors for each configuration. 
The source-specific SCREEN3 parameters used in the model runs are presented on the worksheets. • 
Other general inputs/options are the same as those used in Segment I (and presented above). 

The results of these modeling runs are summarized in the worksheet labeled "Segment 11". As shown by •
these results, the location of the emitting area within the CDF greatly affects the location of the 
maximum ground-level concentration. This variation is illustrated in the Table 1 below, which shows the 
boundary point exhibiting the maximum ground-level concentration for each configuration. lilt 

Table 1 

Location of Maximum Ground-Level Concentrations for Segment n Source Configurations 
 .. 

Source ConfIgUration 
Receptor with Maximum 

Ground Level Concentration 
Configuration I BP2IBP3 
Configuration 2 BP3 
Configuration 3 BPIIBP2 
Configuration 4 BPI 

.. 

-

-
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II 

.. 

.. 
-

These results reflect both the influence of both the distance between the center of the emitting area and 
the receptor location and the projection of the length of the soW"Ce area in the direction of the receptor. 
This is an important relationship because it indicates that the maximally exposed receptor would likely 
change depending on where the emitting area is located in the CDF. 

Segmentm- Segment ill looks at several somce configurations that may reflect plausible operating scenarios. One 
proposed method for storing the dewatered sediment is to place the sedlment into the CDF in one foot 
lifts. The sediment placed during the course of a typical day was considered the "active" area for this - analysis. It has also been suggested that the active area could be covered with a vapor suppressant at the 
end of each day to reduce emissions. Under this type of scenario, the location of the emitting area (i.e. 
the 100% emitting area) within the CDF would change daily, with the remainder of the CDF emitting at a 
reduced rate. Four source configurations were constructed to mimic this "real life" scenario, as 
illustrated in the worksheet labeled "Segment llI". In these configurations, the active area is .. approximated as a square, and is placed in all fom central edge locations in the CDF. This active area 

.. 
would emit at 100% strength. The remainder of the CDF is assumed to have a vapor suppressant cover, 
that would reduce emissions by 90%. Consequently, the remainder of the area would emit at 10010 
strength. In the modeling, this was represented as 1 g/s/m2 and 0.1 g/s/m2 respectively. The daily active 
area was calculated to be 20,250 ft (43.37 m x 43.37m). The following assumptions were used in this 
calculation: . .. • Maximum dredging rate was 75 CYIhr ofwet slurry 

• Dredging will occur 20 hours per day.. • Dewatering will reduce the in situ sediment volume by 50% 

• Dewatered sediment will be placed in one foot lifts . .. 
.. 

Predicted concentrations at the boundary points (BPI, BP2 and BP3) for each of these configurations 
were estimated using SCREEN3. Each source configuration was broken down into two smaller sub
sources (please see worksheet labeled "Segment IIl"), which were then modeled in separate SCREEN3 

• 

runs. The results from the two runs were then superimposed to get the total projected concentration. It is 
important to note that maximum ground-level concentrations predicted for Segment m configurations are 
extremely conservative because SCREEN3 is not really designed to model multiple sources. As 
mentioned previously, SCREEN3 assumes that the wind is blowing in only one direction - directly at the 
receptor. In the source configurations analyzed in this segment, it was assumed that the wind would be 
blowing directly at the receptor for both of the sub-sources at the same time. Since wind direction is 
determined by an axis through the center of the source, it would be physically impossible for the wind to 
be blowing in two directions at the same time. Consequently, the maximum-ground level concentrations 
predicted in this segment are overestimates. The results of the SCREEN3 runs are presented in the 
attached worksheet labeled "Segment fi". 

.. Even with the conservative modeling approach, the result of these. analyses show a distribution of 
maximum ground-level concentrations that are, on the whole, much less than the previous analyses with 
the larger areas. Placing the dewatered sediment in lifts and using a vapor suppressing cover will 
effectively reduce the overall exposure to surrbunding receptors. 

This trend is illustrated in Table 2 which presents percent reduction of predicted concentrations for the iI 
Segment ill scenarios versus the predicted concentrations for the 100% emitting area (Segment 1) 
scenario . 

• 

• 
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Table 2 

0/0 Reductions in Normalized Concentrations Using Segment m Configurations 


Segmentm 
Configl 

Segmentm 
Config2 

Segmentm 
Config3 

Segmentm 
Config4 

BPI 81.4% 81.4% 22.4% 78.7% 

BP2 76.8% 58.8% 84.3% 84.6% 

BP3 39.1% 81.5% 84.2% 84.2% 

-

-

-

-

-


Based on this screening level analysis, the table shows that although in both Segment m and Segment I 
configurations the entire area of the CDF is emitting at varying magnitudes, using the vapor suppressant 
could reduce the maximum grOl.md-level concentrations between 22% to 85%. 

Segment IV -
Segment N brings all of the previous source configurations together and evaluates the reduction in 
ground-level concentrations as one gets farther from the CDF. For this segment, source configurations 
from the first three segments were revisited to determine predicted concentrations at distances radially 
out from the sides of the CDF. The following configurations were used in this segment: 

• The configuration from Segment 1- 100% emitting area ( "Segment N a") 
• All four configurations from Segment IT - 50% emitting area ("Segment Nb") 

• All four configurations from Segment ill - 3.7% emitting area ("Segment Ncft
) 

All of these configurations are presented on the attached worksheets labeled "Segment IV#}. In order to 
evaluate the impact of these different configurations on concentrations away from the edge of the CDF, • 
receptors were placed in the northern and western directions at the following locations. 

...• At the CDF boundary 

• 5 m from the CDF boundary 

• 10m from the CDF boundary • 
• 30 m from the CDF boundary 

The receptor locations for each configuration are also illustrated on the attached worksheet. The results 
indicate that for certain source configurations, the predicted emission flux normalized concentrations do 
not change dramatically as you move away from the CDF. This trend is illustrated is Chart 3 and Chart 4 
(attached). Chart 3 shows the off-site normalized concentrations moving away from the CDF in the 
northern direction and Chart 4 shows concentrations moving away in the western direction. As shown on 
these charts, for the configurations with smaller active areas that are located on the far side of the CDF, 
concentrations change (on average) by about 10% or approximately 6 x 106 ug/m3/g/s/m2

• Conversely, 
the concentration for the 1000/0 active area changes by a factor of two or approximately 6 x 107 

ug/m3/g/s/m2 between the boundary and 30 m. This indicates that for certain source configurations, the 
distance from the boundary ofthe CDF may not change ground-level concentrations significantly. III. 

-

-
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• 

• Conclusions 

These analyses presented above have effectively illustrated the effect ofsize ofexposed area, the location 
of exposed area within the CDF and use of emissions controls on predicted ground level concentrations -
in a dewatered sediment scenario. The main conclusions from these analyses include: 

• 	 Decreasing the emitting area will decrease ground-level concentrations -
- • The location of the emitting area within the CDF has a significant impact on the location and 

magnitude of the predicted ground-level concentrations. 

• 	 Use of a emission control like a vapor suppressing cover will effectively reduce the magnitude of 
ground-level concentrations near the CDF. 

• 	 • There are certain source configurations (i.e. smaller emitting areas located on far side of CDF) where 
the ground-level concentrations at receptor locations away from the cDF change relatively little with 
distance.• 

Ifyou have any questions concerning this analysis, please feel free to give me a call at (611) 457-8204. 

• 

• 

• 

• 

• 

• 

.. 

.. 

• 
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t forSource npu s SCREEN3 
long side short side 

(m) (m) 
100% 365.8 137.2 
75% 318 119 
50% 259 97 
25% 182 68 

100% 75% 50% 25% 
BP 2(100) 1.587 0.8846 0.6126 0.3779 

0.4405 
0.5649 

1.295 

100% 75% 50% 25% 
BP 31100) 1.571 0.9076 0.6937 0.4093 

0.4705 
0.5926 
1.283 

BPi 
(m) 
68.6 

59.5 

48.5 

34 


BP2 

Jm) 
195.3 

169.8 

138.3 

97.1 


Unit Concentrations (ug/m3/g/s/m2) * 10" 
100% 75% 50% 25% 

BP 1(100) 1.182 0.7522 0.5317 0.3395 
BP 1(75) :;:;:;:;:;:;:::::;:;:::;: 1.129 0.6488 0.3915 
BP 1 (50) :;:;:;:;:::;:;:::::;:;:;: :::;:;:;:;:;:::::;:;:::;: 1.056 0.4927 
BP 1 (25) ;:::::::;:;:::;:;:;:;:;:; ;:;:::;:;:;:;:::;:;:::;:: ;:::;:::::::;:;:;:;:::;:: 0.9364 

BP2(100) BP3(100)BP3 -
(m) BP2 (deg) 
182.9 20.6 

BP2!75) • BP3(75)
159 20.5 T
129.5 20.5 BP2(50) • BP3(50)
91 20.5 T 

BP2(25) BP3(50)-
jzero point I 

I' BP1(50) 

BP1(100)., ~ 4~ • 

BP1(75) 

Not to Scale 


Segment I 
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Summary of Source Parameters for SCREEN3 Modeling iii 1 00% emitting area D non-emitting area 

source 
configuration 

long 
side 
tm) 

short 
side 
1mJ 

BP1 
(deg) (mj 

BP2 
(deg) lmt 

BP3 
(d~g) 1m] 

1 365.8 68.6 90 34.3 10.6 186.1 10.6 186.1 
2 365.8 68.6 90 102.9 29.4 209.9 10.6 186.1 
3 182.9 137.2 36.9 114.3 36.9 114.3 90.0 91.5 
4 182.9 137.2 36.9 114.3 51.3 146.4 90.0 205.6 

BP2 BP3 BP2 BP3 

BP1 

Note: "Deg" references the orientation of the point relative to the direction of the 

long side of the rectangle. 

"m" references the distance of the border points (BP) from the 

center of the emitting area. 


conflg1 conflg 2 

UnIt Concentrations (ug/m3/g/./m2) * 10" 
BP2 BP3 BP2 BP3 

BP3 

BP1 BP2 BP3 
conflg 1 0.9392 1.547 1.547 
conflg2 0.2367 0.2702 1.547 
conflg 3 1.36 1.36 0.6115 
conflg 4 1.36 0.4917 0.2696 

Max Impacted Point 
BP2/BP3 
BP3 
BP1/BP2 
BP1 

BP1~------------~ BP1 

contlg 3 config4 

Not to Scale 

Segment" 
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Summary of Source Parameters for SCREEN3 Modeling 

source 
configuration 

long 
side 
(m) 

short 
side 
(m) 

BPi 
(deg) (m) 

BP2 
(deg) (m) 

BP3 
(deg) (m) 

1a 43.37 43.37 23.1 I 175.2 72.4 I 72.0 0.0 I 21.7 
ib 365.80 137.2 90.0 I 68.6 20.6 I 195.3 0.0 I 182.9 

source 
configuration 

long 
side 
(m) 

short 
side 
(m) 

BPi 
(deg) (m) 

BP2 
(deg) (m) 

BP3 
(deg) (m) 

2a 43.37 43.37 23.1 I 175.2 11.3 I 350.9 0.0 J 115.5 
2b 365.80 137.20 90.0 I 68.6 20.6 I 195.3 0.0 I 182.9 

source 
configuration 

long 
side 
(m) 

short 
side 
(m) 

BPi 
(deg) (m) 

BP2 
(deg) (m) 

BP3 
{deg) (m) 

3a 43.37 43.37 90.0 I 21.7 6.8 I 184.2 14.4 I 188.8 
3b 365.80 137.20 90.0 I 68.6 20.6 I 195.3 0.0 I 182.9 

long short 
source side side BPi BP2 BP3 

configuration (m) (m) (deg) (m) (deg) (m) (deg) (m) 
4a 43.37 43.37 90.0 I 115.5 32.3 I 216.3 14.4 I 188.8 
4b 365.80 137.20 90.0 I 68.6 20.6 I 195.3 0.0 I 182.9 

Unit Concentrations Cug/m3/g/s/m2) * 10-8 
BPi BP2 BP3 

conflg 1 0.2194 0.368 0.9566 
conflg 2 0.2194 0.6543 0.2906 
conflg 3 0.9177 0.2497 0.2481 
confln 4 0.2517 0.2451 0.2481 

daily active area 
daily active area 
long side 
short side-
size of total area 

20250 ft2 

1881.29 m2 


43.37 m 
43.37 m 

365.8 m x 137.2 m 
50187.8 

Segment III 

III 100% emitting area o 10% emitting area 

BP2 BP3BP2 BP3 

2b 

BP1BP1 
ib 

Conflg 1 Conflg 2 

BP2 BP3BP2 BP3 

BP1 4bBP1 3b 

Conflg 3 Conflg 4 

Not to Scale 
"Oe9" references the orientation of the point relative to the 

direction of the long side of the rectangle. 

"m" references the distance of the border points (BP) from 

the center of the emitting area. 
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Inputs for SCREEN3 Modeling • 30 

(m) (m) deg O(m) 5 (m) 10 (m) 30 em) 
100% (N) 365.8 137.2 0 182.9 187.9 192.9 212.9 
100% (W) 365.8 137.2 90 68.6 73.6 78.6 98.6 

• 10 


• 5 

--Unit Concentrations (ug/m3/g/s/m2) *10-1 o 

O{m, I(m) iDem) 30{m) 
100% (N) 1.5710 1.3020 1.1630 0.9114 
100% (W) 1.1820 0.9151 0.7819 0.5556 

• •• 0 0 

30 10 5 

Not to Scale 

Segment IVa 



• • • 

Summary of Source Parameters for SCREEN3 Modeling _ 100% emitting area D non-emitting area 

conflg 3 

receptors going north 


source 
configuration 

long 
side 
(m) 

short 
side 
(m) (deg) Oem) 5 (m) 10 (m) 30(m) 

1- west 365.8 68.6 90.0 34.3 39.3 44.3 64.3 
2 -west 365.8 68.6 90.0 102.9 107.9 112.9 132.9 
3 - north 182.9 137.2 90.0 68.6 73.6 78.6 98.6 
4 - north 182.9 137.2 90.0 205.8 210.8 215.8 235.8 

o 
Note: "Oeg" references the orientation of the paint relative to the direction of the 

long side of the rectangle. 
"m" references the distance of the border pOints (BP) from the 
center of the emitting area. 

Unit Concentrations (ug/m3/g/s/m2) * 10" 

conflg 1 

receptors going west 


source 
confijluratlon 

. 

o(m) 5 (m) 10 (m) 30 em) 
i-west 0.9392 0.6880 0.5629 0.3656 
2 -west 0.2367 0.2271 0.2183 0.1898 
3 - north 1.1820 0.9151 0.7819 

0.2588 
0.5556 
0.24014 - north 0.2696 0.2641 

o 

conflg 2 

receptors going weat 


orecep 

conflg 4 
receptors going north 

Not to Scale 

Segment 'Vb 
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Summary of Source Parameters for SCREEN3 Modeling _ emitting area o 10% emitting area 

source 
configuration 

long 
side 
(m) 

short 
side 
1m) (deg) o(m) SCm) 10 (m) 30{m} 

1a -north 43.37 43.37 0 21.7 26.7 31.7 51.7 
1b -north 365.80 137.2 0 182.9 187.9 192.9 212.9 

source 
conflauratlon 

long 
side 
(m) 

short 
side 
(m) (deg) o(m) S(m) 10 (m) 30Jrm 

28 - north 43.37 43.37 0 344.1 349.1 354.1 374.1 
2b - north 365.80 137.2 0 182.9 187.9 192.9 212.9 

orecep 

2b 

1b 

conflg 1 eonflg 2 

receptors going north receptors going north 


source 
conflauratlon 

long 
.Ide 
(m) 

short 
side 
(m) (deg) o(m)_ 5(m) 10 (m) 30Jm) 

38 -west 43.37 43.37 90 21.7 26.7 31.7 51.7 
3b -we.t 365.80 137.2 90 68.6 73.6 78.6 98.6 

3b 4b 
o 

osource 
configuration 

long 
side 
(m) 

short 
sjde 
(m) (deg) Oem} S(m) 10 (m) 30 (m) 

2a • west 43.37 43.37 90 115.5 120.5 125.5 145.5 
2b -west 365.80 137.2 90 68.6 73.6 78.6 98.6 conflg 3 conflg 4 

receptors going west raeepto.rs going west 
Unit Concentrations (ug/m3/g/s/m2) * 10" Not to Scale 

O(m) S(m) 10 (m) 30(m) 
config 1 0.9566 0.6863 0.5564 0.3582 
cOilfig 2 0.2075 0.1798 0.1651 0.137 
config 3 0.9177 0.6476 0.5183 0.3227 
config 4 0.2517 0.2203 0.2028 0.1658 

dally active area 20250 ft2 
dally active area 1881.29 m2 "Oeg" references the orientation of the point relative to the 
long side 43.37 m direction of the long side of the rectangle. 
short side- 43.37 m "m" references the distance of the border points (BP) from 
size of total area 365.8 m x 137.2 m the center of the emitting area. 

Segment IVc 

http:side-43.37
http:raeepto.rs


Chart 1 

Segment I - Impact of Area Size on the Concentration 


Projected for a Fixed Point on the Edge of the CDF 
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Chart 2 

Segment I - Impact of Area Size on the 


Concentration Projected for a Point on the Edge of 

the Emitting Source Area 
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Chart 3 

Normalized Concentration vs. Distance from CDF 

for Receptors Located North of the CDF Centroid 
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Chart 4 

Normalized Concentration vs. Distance from CDF for 


Receptors Located West of the CDF Centroid 
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.. 
PURPOSE OF IMPLEMENTATION PLAN • 1.0 

The remediation activities at New Bedford Harbor (NBH) are currently planned to involve the excavation 
and removal of sediments that are contaminated with polychlorinated biphenyls (PCBs) from their current 
location. Several remediation alternatives are being evaluated relative to the management of the dredged -

-
sediments, including storage and disposal in Confined Disposal Facilities (CDFs), dewatering prior to 
storage and disposal, and off-site disposal. These alternatives will disturb contaminated sediments 
directly or indirectly and expose these sediments to the open air for varying periods of time. Due to the 
remedial activities, some increased amount of vapor phase PCBs will be released into the atmosphere that 

- may impact the neighboring community. The amount of volatile PCBs released will be affected by both 
operational and meteorological factors. 

This increase in emissions will be short-lived, and occurring in relation to certain elements of the clean-up .. 	 operation. The cleanup activities will likely increase ambient airborne concentrations by some amount for 
a short period of time, however, long-term ambient concentrations will be significantly lower than current 
levels once the sources of uncontrolled PCB emissions are removed from the Site. The release of PCBs.. into the air at the site are currently uncontrolled and are increased at times by natural forces (e.g., wind 
and water effects from storms) and man's activities (e.g., boating and other Harbor commerce and 
recreation). Until the Harbor is cleaned-up, PCB emissions from the contaminated sediments (including .. exposed mudflats, beach areas, and the surface water) will lead to continued public exposure at roughly 

.. 
current levels. The short-term increase in airborne PCB concentrations above the currently elevated 
levels, if properly managed during the clean-up activities, will lead to a far greater benefit in terms of 
reduced, long-term releases and public exposure. The sooner the clean-up is accomplished, the more the 
long-term public exposure to PCBs will be reduced relative to the current levels. 

Health-based allowable ambient limits at the point of inhalation exposure were determined for residential .. and commercial (occupational) receptors. These ambient limits were used in conjunction with measured 
background concentrations and dispersion modeling to develop air action levels for monitoring stations 
located near the principal sources of emissions. Air action levels define the ambient air concentrations 

III near the emissions sources associated with a specified level of acceptable risk to the most sensitive 
receptors at their respective points of potential exposure. The air action levels were then used to develop 
cumulative exposure budgets. The methodology and development of cumulative exposure budgets is .. presented in the Draft Final Development of PCB Air Action Levels for the Protection of the Public 
(FWENC, August 2001). Cumulative exposure budgets for PCBs will be integrated into an ambient air 
management program for the remediation operations at NBH. The approach for implementing this 
ambient air management program and tracking conditions relative to these cumulative exposure budgets • are described in this Draft Final Implementation Plan. 

.. This draft Implementation Plan addresses how to put the ambient air management program into practice, 
including how to: locate monitoring stations; collect air samples; evaluate the data obtained from the 
laboratory analysis of the samples; track cumulative exposures; manage and publish information; and 
make decisions regarding what responses are appropriate to reduce emissions and exposure. The general 
approach to implementation is illustrated in Figure 1-1. 

The Implementation Plan defines the principal aspects of the air monitoring that will be performed. The.. 	 monitoring will be designed to ensure that actual exposures are at or below the levels expected based on 
the modeling work and that the public is being protected from any volatile PCBs released into the air. 
Regular monitoring will be performed to evaluate concentration trends over time. The Implementation .. 	 Plan will dovetail with a Sampling and Analysis Plan that defines the sampling frequency, required 
turnaround time, analytical methods, and required QAlQC to be performed as part of the ambient air 
monitoring effort. Finally, the Implementation Plan identifies "triggers" or conditions that indicate that .. 
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follow-up analysis of projected emission sources and their potential impact on exposures to the public is -

warranted. A graded scale of priority is defined to facilitate matching a response to the severity of the 
potential consequences of the triggering condition. -The following sections present these aspects of the Implementation Plan for the ambient air management 
program at NBH. Section 2.0 describes the elements and role of a sampling and analysis plan 
highlighting the selection of the locations of monitoring stations and the sampling strategy. Section 3.0 -describes the methods for tracking and analyzing the ambient air monitoring data. This section includes 
the description of a prototype spreadsheet-based tool for compiling monitoring data and conducting an 
initial screening assessment of that data against a specified cumulative exposure budget. -

-
.. 
.. 
.. 
• 

• 

• 

• 
.. 

.. 

.. 

-

-

.. 
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-
• 2.0 DEVELOPMENT OF SAMPLING AND ANALYSIS PLAN 

This section discusses the fundamental elements of the Sampling and Analysis Plan that will be 
implemented as part of the ambient air management program. The basis of the sampling strategy will be - the tracking of ambient air concentrations at specified monitoring locations as they relate to long-term 
exposures to the public at those or other locations. This section briefly describes the cumulative exposure 
budgeting approach and discusses the placement of air monitoring stations to track the budgets. The- development of cumulative exposure budgets is fully described in the Draft Final Development of PCB 
A ir Action Levels for the Protection of the Public (FWENC, August 2001). It is important to note that 
this section is not meant to be or replace a sampling and analysis plan. The sampling and analysis plan • for the ambient air monitoring program during remediation will most likely be a modification to the 
Sampling and Analysis Plan, New Bedford Harbor Superfund Site (FWENC, 2001). However, the basic 
components of this Sampling and Analysis Plan are discussed below as they relate to the protection of the 
public from volatile PCBs released into the air from remediation operations. 

.. 2.1 Cumulative Exposure Budgets 

An exposure budget is a target ambient air concentration trend over time at a monitoring station near a 
major emission source that is designed to keep total public exposures to airborne PCBs below acceptable 
health-based target levels. Because the documented adverse health effects associated with PCB inhalation 
are associated with long-term or chronic exposure, the most appropriate exposure budgets for public 
protection from volatilized PCBs at the Harbor also focus on chronic exposure. As such, the exposure 
budget is referred to as a "cumulative" exposure budget because the projected exposures are tracked, 
summed, and managed over time as the remediation operations are performed. 

.. A simple cumulative exposure budget is a straight, upward sloping line on a graph where the x-axis marks 
time (e.g., duration of exposure or time since the beginning of dredging) and the y-axis marks cumulative 
exposure (measured in "concentration-days" or the multiplicative product of a health-based target PCB air 
concentration and the period of time over which public exposure may occur at that level). Figure 2-1.. shows an example of a cumulative exposure budget curve for a hypothetical monitoring station near a 
major PCB emission source. The slope of the budget line is'the allowable ambient PCB concentration at 
that monitoring point that is protective of the most sensitive target receptors in the vicinity . .. 

.. 

Two different monitoring points may have different exposure budgets, depending on their locations. The 
linkage between the airborne concentration of volatile PCBs at the monitoring location and at the location 
of the most sensitive public receptor is established using air dispersion modeling. In the Draft Final 
Development of PCB Air Action Levels for the Protection of the Public (FWENC, August 2001), 
cumulative exposure budgets were established for eight monitoring stations located around the two .. proposed CDFs (C and D). In each case, the cumulative exposure budget was developed to protect the 
most sensitive public receptor. Since that time, other operational alternatives have been proposed, 
including sediment dewatering and off-site disposal. The choice of a specific remediation alternative will 
affect where the monitors used to track exposure budgets should be placed. The primary considerations 
in locating these ambient air monitoring stations are discussed in the following section. 

2.2 Ambient Air Monitoring Locations 

The monitoring stations and air samplers used to track cumulative exposure budgets should be placed 
where the impacts from PCBs emitted from remediation related sources are expected to be greatest or at .. locations where the more potentially sensitive receptors may be found. These locations of maximum 
impact are dependent on the remediation plans because they are affected by the location and magnitude of 
the emissions and the emissions source type. For the original remediation scenario (i.e., storage of non.. 
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dewatered sediment in CDFs), the CDFs were identified as the largest emission sources during the 
remediation process (It must be highlighted that the uncontrolled releases from the contaminated 
sediment associated with the Site will be the most extensive and largest sources of volatile PCBs 
until the cleanup activities are complete). In addition, because they were ground level area sources, 
their impacts would be larger closer to the CDF. For these reasons, the monitors for cumulative exposure 
budgeting were placed near to and around the two CDFs for this remediation scenario. 

As the remediation approach, design, and operational plans are finalized, the placement of the monitors 
will need to be reevaluated to ensure that they are located in areas of maximum impact or greatest 
diagnostic utility. This reevaluation should include an assessment of source emissions and dispersion 
characteristics. For example, emissions from a dewatering facility will likely be controlled, making it a 
smaller emissions source. But, since the emissions will be treated and then released through a vent at 
some height, the point of maximum airborne concentration may be somewhat further away from the 
source in the downwind direction. Both of these source considerations would be important in locating the 
monitors. 

Monitors may also be placed at locations in the community to "ground truth" the air dispersion modeling. 
These community monitors may be used to verify that the dispersion factors used to create cumulative 
exposure budgets at the source monitors are accurately representing the ambient air concentrations at 
locations where sensitive receptors may be present. Sampling at these community monitors may not be as 
frequent as sampling of the source-related monitors. Instead they would be used primarily for 
confirmatory testing and not cumulative exposure estimation. 

2.3 Elements of a Sampling and Analysis Plan 

Locating the monitoring stations and air samplers is one important element of an overall sampling 
strategy, but there are other important elements that should be addressed in the Sampling and Analysis 
Plan for the ambient air management program. As mentioned previously, the Sampling Plan for this 
program will likely take the form of a modification to the Sampling and Analysis Plan for the New 
Bedford Harbor Superfund Site (FWENC, 200 I). This Sampling and Analysis Plan will be designed to 
specifically address the implementation of the final remediation design and operational plan. 

The final Sampling and Analysis Plan for the ambient air management program will need to include the 
following: 

• 	 Sampling Locations (as discussed above) 

• 	 Sampling Frequency - The frequency of sampling events will primarily be dictated by the type and 
duration of remediation activities. Sampling will likely be more frequent during periods of high 
remedial activity. Sampling also may be necessary less frequently during periods of low or no 
activity. Sampling frequency and location may be specified in terms of clear evaluation and decision 
criteria such that subsequent sampling may be modified (reduced or increased) or refocused 
geographically based on the results of the prior sampling. 

• 	 Analytical Methodsrrurnaround Times - The analytical methods for airborne PCBs will be based on 
the speciation requirements. Typically, the PCBs are speciated by homologue groups that are 
summed for a total PCB measurement. In the Draft Final Development ofPCB Air Action Levels for 
Protection ofthe Public it was recommended that congener analyses be performed on a periodic basis 
once remediation begins. These results could be used to evaluate whether the parameter choices and 
assumptions related to the distribution of congeners present (e.g., toxicological factors, exposure 
pathways and routes of intake, etc.) remain valid, and to reassess the contribution to risk from any 
dioxin-like PCB congeners that are present. This reassessment also should consider the implications 
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of the USEPA Dioxin Reassessment Study that may be published late in 2001 or early in 2002 (See 
also Section 3.5 of the Draft Final Development ofPCB Air Action Levels for Protection ofthe Public 
document). The turnaround times for the samples will likely be selected based on the remediation 
activities. In the past, a faster turnaround time has been used during periods of higher activity or 
when subsequent actions depend on the sampling results or when significant time or cost savings 
would accrue from more timely information. 

• 	 QAlQC Program - The QAlQC program will likely be similar to the program that has been used for 
recent air sampling programs, which includes regular field blank and duplicate samples. 

These elements will ultimately be defined or established in consideration of the final remediation plans 
and logistical scenario for the site . 
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3.0 TRACKING AND ANALYSIS 

Once the Sampling and Analysis Plan has been established and implemented, ambient air concentration 
data will become available. This section discusses how this information will be managed and assessed to 
ensure public protection from airborne PCBs. 

3.1 Public Exposure Tracking System (PETS) 

The prototype Public Exposure Tracking System (PETS) for a monitoring station is a simple tool for 
compiling the monitoring data collected over the course of a clean-up operation and automatically 
facilitating an initial screening assessment of that data against the baseline cumulative exposure budget 
developed for that monitoring station. The overall tracking and screening assessment process included in 
the prototype PETS is shown in Figure 3-1. The prototype PETS is a spreadsheet-based tool that is 
tailored for each monitoring station. The prototype PETS calculates various statistics and parameters 
based on the monitoring data and checks the results against pre-defined criteria to alert the user of 
conditions and triggers that may indicate a potential or eventual exceedance of the established cumulative 
exposure budget. The prototype PETS also differentiates the conditions and triggers on the basis of the 
general level of response that may be required to remedy the unfavorable conditions and ensure continued 
protectiveness of the public relative to the potential inhalation exposures to volatile PCBs. The 
development and logic of the prototype PETS is detailed below. 

The initial screening assessment begins with a check of whether any of a predefined set of conditions 
relative to the ambient air measurements has been created. These particular conditions were identified as 
the circumstances or occurrences that alone, or in combination, provide an indication that some 
component of the cumulative exposure-based public protection program may be diverging from the 
baseline levels and that some attention or response to the situation may be necessary. These conditions 
were identified to provide a conservative assessment of potential exposures. They are designed to provide 
"early warning" of potentially unfavorable exposure conditions so that timely, effective steps may be 
taken to eliminate these conditions and maintain public protectiveness. 

The prototype PETS performs three types of condition checks as part of its screening assessment: 

1. 	 Comparison of the monitoring data directly to benchmark concentration criteria; 
2. 	 Comparison of the calculated cumulated exposure for the project to date to the baseline cumulative 

exposure budget developed for that monitoring station; and 
3. 	 Comparison of the cumulated exposure projected for the end of the project assuming continued 

conditions as they then exist to the baseline cumulative exposure budget at that point in time 

The specific conditions associated with each of these categories are defined in Table 3-1 through Table 3
3, respectively: 
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Table 3-1 
Conditions Related to Measured Concentrations (C) that are Tracked by the Prototype PETS -

CI -
- C2 

.. C3 

C4.. 
C5 

C6 .. 
C7 

C8 

.. 


.. 

CCEl 

.. CCE2 

CCE3 

.. 
CCE4 

• 
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Conditions Related to Calculated Cumulative Exposures (CCE) that 
are Tracked by the Prototype PETS 

The Cumulative Exposure Calculated To Date Exceeds 75% of the Cumulative Exposure 

Budget Established for This Point in the Project 


The Cumulative Exposure Calculated To Date Exceeds 100% of the Cumulative 

Exposure Budget Established for This Point in the Project 


The Cumulative Exposure Calculated for the Recent Monitoring Events has 

Exceeded the Respective Cumulative Exposure Budget Values for 


Three Monitoring Periods in a Row 


The Cumulative Exposure Calculated To Date Currently Exceeds the Cumulative 

Exposure Budget Established for This Point in the Project by More than 25% 


The Measured Concentration Exceeds a Relevant Occupational Limit 


The Measured Concentration Exceeds the Minimum Health-Based Threshold Effect 

Level / Non-Threshold Effect Level for a Worker in the General Public 


The Measured Concentration Exceeds the Risk-Based Exposure Point Concentration 

Forming the Basis of the Cumulative Exposure Budget for that Monitoring Station 


The Measured Concentration Exceeds the Annual Average Background Concentration 

at that Location by More than 10%, But by Less than 25% 


The Measured Concentration Exceeds the Annual Average Background Concentration 

at that Location by More than 25% 


The Previous Two Measured Concentrations Exceed the Running Average 
Concentration Up Through that Monitoring Event by More than 25% 

The Measured Concentration has Doubled Since the Last Monitoring Event 

The Measured Concentration has Increased for Three Monitoring Periods in a Row 

Table 3-2 

3-2 



.." 

-
Table 3-3 


Conditions Related to Projected Cumulative Exposures (PCE) at the End of the Project 

that are Tracked by the Prototype PETS 
 -

;/,;i:I1't~~~>~:' <Yr< 

~el~~~ i~;!o~l~ii~l~i~ 
-


PCE1 

PCE2 

PCE3 

The Cumulative Exposure Projected for the End of the Project (Assuming Conditions 
Remain Unaltered) Exceeds the Baseline Budget Established for This Monitoring 
Station, and There is Between 25% to 50% of the Overall Project Duration Remaining 

The Cumulative Exposure Projected for the End of the Project Assuming (Conditions 
Remain Unaltered) Exceeds the Baseline Budget Established for This Monitoring 
Station, and There is Between 10% to 25% of the Overall Project Duration Remaining 

The Cumulative Exposure Projected for the End of the Project Assuming (Conditions 
Remain Unaltered) Exceeds the Baseline Budget Established for This Monitoring 
Station, and There is Less Than lO% of the Overall Project Duration Remaining 

-

.. 

.. 


3.1.1 Responses to Unfavorable Conditions 

Having defined the unfavorable monitoring conditions that may be created with regard to maintaining • 
protective ambient air conditions in the public, the range of possible responses needed to adjust or control 
emissions was considered. These responses could include altering the clean-up activities to reduce or 
redistribute the volatile PCB emissions, waiting for more favorable meteorological conditions, or 
applying some form of engineering control to reduce emissions. While a number of specific actions may 
be identified, the appropriateness or suitability of a particular response can best be judged only in the 
context of the specific circumstance. For example, engineering a permanent control may not be •
warranted if the unfavorable condition or conditions were caused by a temporary, unusual weather pattern 
or the discovery and removal of a small quantity of more highly contaminated sediment in a "hot spot." 
As such, it was judged that specific response actions could not and should not be generically 
recommended based on an initial screening of site conditions. However, it was determined that the • 
various unfavorable monitoring conditions could be distinguished on the basis of the level of response 
that may be warranted if they were found to exist. The different levels of response reflect either the speed 
with which the condition should be changed or the degree to which the condition must be changed to • 
maintain public protectiveness. Three general categories of response were identified, as shown in Table 
3-4. 

In all categories of response, it is important to first evaluate the cause of the warning condition( s). This is 
the first step in determining the most appropriate response. It is also possible that the sampling data for a 
particular monitoring event may trigger none of the identified conditions. In that case, continued • 
monitoring and tracking would be all that would be indicated as a response. As the entire cumulative 
exposure budget program is designed to maintain chronic inhalation PCB exposures to the public below 
levels associated with adverse health effects and to identify unfavorable trends in air quality in a proactive .. 
and timely manner, it is not anticipated that work would ever need to be stopped because of potential 
exposures to the public. The possible need to temporarily stop work for reasons not related to controlling 
exposures to the public or to control or mitigate PCB emissions for purposes of ensuring remediation .. 
worker safety is outside the scope of this Draft Final Implementation Plan (which is focused primarily on 
public protection). .. 

-
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Table 3-4 

General Categories of Response Based on the Speed or the Degree to 
Which the Unfavorable Condition must be Changed to Maintain Public Protectiveness-

-

.. 

.. 


Low 

Medium 

High 

Evaluate the Cause of the Unfavorable Condition(s); 
Operational Adjustments Likely to not Be Required 

Consider or Plan for Operational Adjustments or Engineering Control Options 

Implement Operational Adjustments or Engineering Controls 

3.1.2 Triggers 

.. Once the conditions and the general categories of responses were identified, it remained to link the 
presence of the conditions, individually or in specified combinations, to the appropriate response 

.. 
category. The individual conditions or combinations of conditions associated with a particular response 
level are referred to as the recommended "triggers" for that response level. This correlation of triggers to 
response level was established using best professional judgment, with an appreciation for the most 
practical or effective ways in which to respond to particular conditions and the likely period of time it 
may take to reduce emissions and the corresponding public exposures. After an initial mapping of the 
conditions/triggers to response categories was developed on a case-by-case basis, the full set of.. 	 relationships was re-reviewed with an eye to maintaining overall consistency and a logical progression of 
priorities across the whole set. The resulting mapping of triggers to response categories is presented in 
Table 3-5. 

3.1.3 The Prototype PETS Spreadsheets 

An Excel workbook containing a series of 7 spreadsheets was developed to facilitate and streamline the 
tracking and screening analysis of the prototype PETS. The workbook contains the following 
components: 

• 	 Entry of Descriptive Information about the Project Being Tracked and Monitored - Such as the name 
of the monitoring station and the start and end dates of the project being tracked. [Worksheet HOME 
SHEET] This spreadsheet also is where the applicable benchmark concentration criteria for airborne .. 	 PCBs are entered (e.g., entered once per project) . 

• 	 Entry of the Date of the Monitoring Event and the Measured Concentration of Total PCBs - The 
monitoring date is entered in month-day-year format and the monitored concentration is entered in .. units ofng/m3. [Worksheet TIME TREND] 

.. • Graphical Plot of Time Series Monitoring Results Relative to the Baseline Cumulative Exposure 
Budget - [Worksheet STATUS SHEET] 

• 	 Internal Calculations Associated with the Conditions, Triggers. and Screening Assessment Relative to 
the Recommendation of General Responses - [Worksheets TRIGGERS, HIGH, MED, and LOW]. 
These spreadsheets need not be accessed by the typical user of the prototype PETS. 
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• 	 Summary Status / Screening Report Based on the Current Monitoring Result and the Monitoring 
Conducted Up to the Time - Includes the name of the monitoring station, the most recent monitoring 
date, the most recent monitored Total PCB concentration, the recommended response level, and the 
triggering condition(s) justifying that response level. 

A brief User's Guide for the prototype PETS is presented in Appendix A. 

Table 3-5 

Mapping of Triggers to General Responses 


-

-

-

-

-

-

• 


.. 


• 


• 


C2 

C3 


LOWC4 and C8 

C5 


Evaluate the Cause of the Unfavorable Condition(s) C6 

C7 


CCEI 

PCEI 


Cl and C8 

C2 and C8 

C3 and C8 
 MEDIUM 

C5 and C8 


Consider or Plan for Operational Adjustments or Engineering Control Options C6 and C8 

CCE2 

PCE2 

CCE3 

CCE4 
 HIGH 

PCE2 and C8 
PCE3 Implement Operational Adjustments or Engineering Controls 

3.2 Example Applications of Prototype PETS 

Sample applications of the prototype PETS were for conducted for a trial application using hypothetical 
data, and for two actual clean-up activities at the New Bedford Harbor. These example applications are • 
presented below. 

3.2.1 Testing Using Hypothetical Sampling Data • 
The prototype PETS was tested initially using a contrived set of monitoring results. The constructed 
string of concentration values and data was designed to make each condition and trigger included in the .. 
prototype PETS switch from being absent or "false" to being present or ''true''. A hypothetical 
cumulative exposure budget line slope of 720 nglm3 was assumed for this testing. As the diagnostic 
screening assessment report generated by the entry of the results of each monitoring event identifies .. 
which condition(s) ''trigger'' the noted response level, this constructed data set was used to test the 
internal calculations for checking and reporting the status of each condition. Table B-1 in Appendix B 

-
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.. 
presents this test data set and a sequential listing of all of the sequence of identified conditions and • 
triggers flagged by the check of the data. As noted in the table, the triggers shown in bold represent the 
first time that condition was present or "true", given the specified sequence of concentration values. The .. diagnostic screening assessment reports for each hypothetical monitoring event are presented in Appendix 
B. These reports were used to confirm that the correct response level and general recommended response 
were reported for the set of conditions and triggers highlighted . .. 
3.2.2 Trial Application for Two Preliminary Remedial Operations at New Bedford Harbor 

Following the checking of the conditions, triggers, and assigned general response levels incorporated into 
the prototype PETS, the workbook was tested using the actual data collected during two recent field - activities: (1) the Early Action Removal Action at the Acushnet Dock Area and (2) the Commonwealth 
Electric cable crossing relocation project. The use of the prototype PETS as an aid in tracking and 
screening the ambient air monitoring data collected during these two efforts is described and presented in 
the following sections. .. 	 3.2.2.1 Acushnet Dock Area Early Action Removal Area 

Ambient air monitoring was conducted at two stations during the excavation of contaminated sediments .. and restoration activities associated with the Early Action effort at the Acushnet Dock Area at the 

.. 
northern end of the Harbor. The monitoring stations were AQ Site 28 (located at 20 Main Street) and AQ 
Site 29 (located at 12 Main Street) in Acushnet. The locations of these monitoring stations are shown in 
Figure 3-2. Ten (10) samples were collected over the period from February 27,2001 to April 11,2001. 
The time intervals between the sequential sampling events ranged from 2 to 7 days. 

Each sample was collected over a 24-hour period, and was analyzed for the ten PCB homologue groups . .. 	 The collected mass of each homologue group was quantified and normalized to the total volume of air 
collected by the sampler to develop concentrations for each homologue group. The homologue group 
concentrations were then summed to obtain the ambient air concentration of Total PCBs. During this 
period, the measured Total PCB concentration at AQ Site 28 (the 20 Main Street monitoring station) 
ranged from 1.96 to 24 ng/m3

• At AQ Site 29 (the 12 Main Street monitoring station), the Total PCB 
concentrations ranged from 1.26 to 19 nglm3 during the same period. The time series of measured 
concentrations (based on the preliminary data reported) for the Acushnet Dock Early Action activity for 
AQ Site 28 is presented in Appendix C in the "Time Trend" spreadsheet of the prototype PETS for this 
project. .. 

.. 
The cumulative exposure budget for this short duration field effort was conservatively based on the child 
resident allowable ambient limit for a 5-year project duration (i.e., 660 nglm3

) given the nearness of the 
removal action activities to residential properties and places potentially accessible to children. The 
annual average background concentrations of Total PCBs at the two monitoring stations also were 
explicitly considered (i.e., 21.4 ng/m3 at AQ Site 28 [measured] and 20 ng/m3 at AQ Site 29 
[extrapolated]). As the monitoring stations were located so close to the potential points of public.. exposure to children, a dispersion factor of 1 (reflecting no reduction in ambient air levels between the 
monitoring station and the potential public exposure point) was applied to develop the slope of the 
cumulative exposure budget line. Consequently, the slope of the cumulative exposure budget for both of.. these monitoring stations was: 

Slope =((Allowable Ambient Limit) - (Background Concentration)) x [Air Dispersion Factor] .. 
Slope ofthe Cumulative Exposure Budget (AQ Site 28) = [660 - 21.4] x 1.0 = 638.6 ng/m3 

ill 
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Slope ofthe Cumulative Exposure Budget (AQ Site 29) = [660 - 20.0] x 1.0 = 640.0 ng/m3 

Appendix C contains the following illustrative supporting materials associated with the tracking and 
screening of the ambient air monitoring data for the Acushnet Dock Area Early Action activity as 
monitored at AQ Site 28: 

• 	 The tabulated measured analytical results (Preliminary Data) for the March 14, 2001 monitoring 
event; 

• 	 The corresponding site-specific meteorological conditions recorded for the March 14, 2001 
monitoring event (tabulated station readings for wind, temperature, solar radiation, barometric 
pressure, relative humidity, and precipitation and the compiled wind rose); 

• 	 The tabulated time series of the measured Total PCB ambient air concentrations (i.e., the "Time 
Trend" spreadsheet); 

• 	 The graphical plot of the calculated cumulative exposures versus the established cumulative exposure 
budget up through the March 14, 2001 monitoring event; and 

• 	 The Status 1 Screening Report generated by the prototype PETS following the entry of the data for the 
March 14, 2001 monitoring event. 

Appendix C illustrates that a "Low" level response was indicated following the March 14, 200 I 
monitoring event, with the corresponding recommendation to "Evaluate the Cause of the Triggered 
Conditions". The particular "Low Response" conditions triggered at this time were: 

Monitoring Event 5 - 3/14/01 

Trigger C6: 	 Previous Two Measured Concentrations Exceed the Running Average 
Concentration Through that Monitoring Event by more than 25%. 

Trigger C7: 	 Measured Concentration has Doubled Since the Last Monitoring Period. 

Trigger C4 & C8 	 Measured Concentration Exceeds the Annual Average Background Trigger 
Concentration by 	 more than 10% but less than 25% and Measured 
Concentration Increased for Three Monitoring Periods In a Row. 

It should be noted that the measured concentration was relatively low (i.e., 11 ng/m3
) when the measured 

concentration doubled since the previous measurement (i.e., Trigger C7). 

A similar prototype PETS was tailored and used to track and screen the monitoring results for AQ Site 29. 

3.2.2.2 Commonwealth Electric Cable Crossing Relocation Project 

Ambient air monitoring was conducted at three stations during the excavation and handling of sediments 
during a utility cable crossing relocation project in the northern portion of the Harbor near the 
Commonwealth Electric Acushnet Substation. The monitoring stations were AQ Site 23 (located at the 
Acushnet Substation), AQ Site 25 (located at the Cliftex Facility), and AQ Site 30 (located at the Fiber 
Leather Facility). The locations of these monitoring stations also are shown in Figure 3-2. Twelve (12) 
samples were collected over the period from April 10,2001 to July 5, 2001 (NOTE: This activity is still 
ongoing). The time intervals between the sequential sampling events ranged from 3 to 19 days. 
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• 	 Each sample was collected over a 24-hour period, and was analyzed for the ten PCB homologue groups. 
The collected mass of each homologue group was quantified and normalized to the total volume of air 
collected by the sampler to develop concentrations for each homologue group. The homologue group 
concentrations were then summed to obtain the ambient air concentration of Total PCBs. During this - period, the measured Total PCB concentration at AQ Site 23 (the Acushnet Substation monitoring station) 
ranged from 3.8 to 76 nglm3

• At AQ Site 25 (the Cliftex Facility monitoring station), the Total PCB 
concentrations ranged from 2.2 to 180 nglm3 during the same period. At AQ Site 30 (the Fiber Leather -	 Facility monitoring station), the Total PCB concentrations ranged from 4.7 to 230 nglm3 during this 
period. The time series of measured concentrations (based on preliminary data reported) for the 
Commonwealth Electric Cable Crossing Relocation activity for AQ Site 30 is presented in Appendix Din 
!he "Time Trend" spreadsheet of the prototype PETS for this project. -
The cumulative exposure budget for this short duration field effort was conservatively based on the child .. resident allowable ambient limit for a 5-year project duration (i.e., 660 nglm3

) given the nearness of the 
excavation and handling activities to residential properties (although all three of these monitoring stations 
are located on commercial/industrial properties). The annual average background concentrations of 
Total PCBs at the three monitoring stations also were explicitly considered (i.e., 30 nglm3 at AQ Site 23 
[interpolated], 25 nglm3 at AQ Site 25 [interpolated], and 45 nglm3 at AQ Site 30 [interpolated]). As the 
monitoring stations were located close to the potential points of public exposure to children in the general .. public, a dispersion factor of 1 (reflecting no reduction in ambient air levels between the monitoring 
station and the potential public exposure point) was applied to develop the slope of the cumulative 
exposure budget line. Consequently, the slope of the cumulative exposure budgets for these monitoring .. stations were: 

Slope =((Allowable Ambient Limit) - (Background Concentration)) x [Air Dispersion Factor] .. 
Slope ofthe Cumulative Exposure Budget (AQ Site 23) = [660 - 30. OJ x 1.0 = 630.0 ng/m3 

.. 
 Slope ofthe Cumulative Exposure Budget (AQSite 25) = [660-25.0J x 1.0 = 635.0 ng/m3 


Slope ofthe Cumulative Exposure Budget (AQSite 30) = [660- 45. OJ x 1.0 = 615.0 ng/m3 

Appendix D contains the following illustrative supporting materials associated with the tracking and 
screening of the ambient air monitoring data for the Commonwealth Electric Cable Crossing Relocation 
activity as monitored at AQ Site 30: .. 
• 	 The tabulated measured analytical results (Preliminary Data) for the June 21, 2001 monitoring event; .. • 	 The corresponding site-specific meteorological conditions recorded for the June 21, 2001 monitoring 

event (tabulated station readings for wind, temperature, solar radiation, barometric pressure, relative 
humidity, and precipitation and the compiled wind rose); 

• 	 The tabulated time series of the measured Total PCB ambient air concentrations (i.e., the "Time 
Trend" spreadsheet); .. 

• 	 The graphical plot of the calculated cumulative exposures versus the established cumulative exposure 
budget up through the June 21, 2001 monitoring event; and 

• • The Status / Screening Report generated by the prototype PETS following the entry of the data for the 
June 21, 2001 monitoring event. 

• 
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Appendix D illustrates that a "Low" level response was indicated following the June 21, 2001 monitoring -event, with the corresponding recommendation to "Evaluate the Cause of the Triggered Conditions". The 
particular "Low Response" conditions triggered were: -
Monitoring Event 10 - 6/21/01 -

Trigger C5: 	 Measured Concentration Exceeds the Annual Average Background 
Concentration by more than 25% -

Trigger C7: 	 Measured Concentration has Doubled Since the Last Monitoring Period. 

-
A similar prototype PETS was tailored and used to track and screen the monitoring results for AQ Sites 
23 and 25. • 

.. 
• 

• 

.. 
• 

• 

• 

-

-

.. 

-

.. 
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.. 4.0 SUMMARY 

-
- This Draft Final Implementation Plan describes and illustrates the process of applying air action levels 

and a cumulative exposure budget to ensure the protection of the public from volatile PCBs released 
during sediment remediation activities at New Bedford Harbor. The underlying methodology and 
development of cumulative exposure budgets is presented in the Draft Final Development of PCB Air 
Action Levels for the Protection ofthe Public (FWENC, August 2001). This Draft Final Implementation 
Plan, building on these air action levels and cumulative exposure budgets, outlines the practical 
implementation of this approach to public protection . .. This document described the key elements of a sampling and analysis program that will collect 
information on airborne PCB levels during the remediation project. Aspects of selecting the locations for 
the monitoring stations, sampling frequency, and analytical methods were discussed, as was the

• relationship between this Implementation Plan and the Sampling and Analysis Plan for ambient air 
monitoring. 

This Draft Final Implementation Plan also illustrated how the information obtained from an ambient air 
sampling and analysis program can be used to track and analyze the conditions that determine the level of 
exposure of the public to volatile PCBs. A prototype Public Exposure Tracking System (PETS) for a 

III monitoring station was presented as a simple tool for compiling the monitoring data collected over the 
course of a clean-up operation apd automatically conducting an initial screening assessment of that data 
against the baseline cumulative exposure budget developed for that monitoring station. The prototype 
PETS was tested on two remediation activities at New Bedford Harbor, and illustrative outputs were 

ill presented. 

Subsequent efforts to finalize and tailor this Draft Final Implementation Plan for effective utilization 
would include the following general steps: 

.. • Locating the monitoring points relative to the primary volatile PCB emission sources associated with 
the selected remediation approach and the nearby potential public receptors; 

• 	 Establishing the cumulative exposure budget for each monitoring point (reflecting the appropriate 
PCB release scenarios and the local atmospheric fate and transport analysis); 

• • Locating additional monitoring stations at public exposure points indicated to be potentially most 

.. . impacted based on modeling (i.e., to "ground truth" the projections used in the exposure budget 
development process); 

• 	 Developing the corresponding elements of the Sampling and Analysis Plan (e.g., frequency of 
sampling, analytical protocols, QAlQC) for the remedial activities being conducted; 

• 	 Conducting the ambient air sampling program as defined; 

• 	 Incorporating the results into the PETS framework; and .. • 	 Acting on the recommendations generated through the initial screening analysis performed by the 
PETS. 

III 

.. 
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Sampling Plan 
Development o USACE* 
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Schedule, frequency and turnaround time requirements 
for monitoring; Establish chemical parameters to be 
monitored and analytical method; Select monitoring 
locations; Establish DQOs and QC program; Outline 
specifications for the monitoring equipment and 
associated procedures 

r--------------------------------------------- 
~r 

Monitoring Station 
Including power, security, calibration and maintenance USACE*

Installation 

Sample Collection USACE* 
Including all preservation, modification, shipping and 
chain-of-custody documentation 

~ 

Chemical Analysis USACE* Including electronic reporting of results and supporting 
QC backup; Appropriate split of on-sitefoff-site analysis 

,Ir Verifying aspects of the quality of the data, including 
method blank, fieldfequipment blank, MSfMSD 

Data Review J USACE* recovery, surrogate recovery, laboratory control sample, 
field duplicate, initial calibration, continuing calibration, 
internal standard recovery, recovery standard, and 
retention time 

" 
Data Management J USACE* 

Enter and maintain a form that facilitates retrieval and 
subsequent analysis on-site using PETT; Audit by 
home office 

r-----r---------------------------------------- ,. 
Data Analysis USACE*o 


1 

o Managing emissions of volatile PCBs to ensure 
USACE* compliance with the Exposure Budgets through 

monitoring, assessment and the application of 
Status and Response 

USEPADetermination engineering controls 

Figure 1-1 

New Bedford Harbor Superfund Site 
New Bedford, Massachusetts USACE* signifies the USACE 

IMPLEMENTATION PLAN FLOW DIAGRAM or the USACE TERC 
Contractor Foster Wheeler Environmental Corporation 

TERC Program 
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.. 	 Prototype Public Exposure Tracking System (PETS) User Notes 

This appendix presents user notes for the prototype Public Exposure Tracking System (PETS). The.. prototype PETS is a spreadsheet designed to compile the monitoring data collected over the course of a 
clean-up operation and automatically conduct an initial screening assessment of the data against the 
baseline cumulative exposure budget developed for that monitoring station. The prototype PETS is an 

• Excel workbook containing a series of 7 worksheets. Each workbook is tailored to a specific monitoring 
station. Each of the worksheets in the workbook briefly described below: 

• "Home Sheet" This worksheet provides the descriptive information about the project being tracked and 
monitored. The project-specific information contained in this worksheet includes the start and end date of 
the project. The monitoring station specific information in this spreadsheet includes the cumulative 
exposure budget slope and the background ambient air concentration. Finally, risk-based concentration 
criteria are found in this spreadsheet. These values are set and entered on time at the beginning of the 
project. The user is required to input most of this information . .. "Time Trend" This worksheet is used perform to calculate the parameters for three types of condition 
checks: 

• 	 Comparison ofmonitoring data to predefined benchmark concentration criteria (e.g., occupational 
limits). 

• Comparison of calculated cumulative exposure for the project-to-date (using the monitoring data) to 


ill the baseline cumulative exposure budget for that monitoring station. 


• 	 Comparison of the cumulative exposure extrapolated to the end of the project to the baseline 
cumulative exposure budget for the end of the project. 

ill 	 The conditions associated with these comparisons are more fully described in Section 3.1 of this 
document. To complete these calculations, the user is required to input the monitoring data and the dates 
of the monitoring events. 

"Triggers" This worksheet is an internal worksheet that has no user inputs. It uses the data in the ·"Time 
Trend" worksheet to detennine which conditions have been triggered... 
"High ", "Med ", "Low" These worksheets are internal to the program and do not require any user inputs. 
They are used to assign the level of response for conditions that have been triggered in the "Triggers".. worksheet. 

.. "Status Sheet" This worksheet presents a summary status or screening report based on the current 
monitoring result and the monitoring conducted up to that point in the project. This summary sheet 
includes the name of the monitoring station, the most recent monitoring date, the most recent monitored 
total PCB concentration, the recommended response level, and the triggering condition(s) justifying that 
response level. This worksheet also includes an imbedded chart showing the cumulative exposure for the 
project-to-date and the baseline cumulative exposure budget for that monitoring station. There are no 
user inputs for this worksheet. 

• In practice, the user must create and tailor a separate workbook for each individual monitoring station . 
Once created, the user should input project specific and monitor specific information into the "Home 

III 


III 


III 



Sheet" worksheet. This creates unique PETS for each monitoring station. Then, as data is received for 
each monitoring event at each station, the table on the worksheet named' Time Trend' should be added to. 

The steps that should be taken to use the prototype PETS are listed below: 

• 	 Tailor an existing PETS workbook with project specific information in "Home Sheet" (i.e., 
start date, end date and risk-based criteria for remediation project). 

• 	 Copy this workbook into a separate workbook for each monitoring station. Input information 
specific to each monitoring station (i.e., exposure budget slope and background 
concentration) into "Home Sheet". ' 

NOTE: There is no need to copy the formulas from a previous monitoring event row into the 
next row when entering the next result. A large number of rows have been pre-coded to 
accept the new information. 

• 	 In the "Time Trend" worksheet, enter the date of the monitoring event under the column 
headed "Monitoring Date" on the first available row. On this same row, enter air sampling 
results in the corresponding "Monitored Results" column (i.e., Total PCB Concentration in 
ng/m\ Do not write over data entered for previous monitoring events, as all sampling results 
are used in tracking cumulative exposures. 

• 	 After the results of each sampling event have been input, review the "Status Sheet" 
worksheet to determine if any conditions have been triggered. This worksheet will also 
identify the level of response (Low, Medium or High) for any conditions that have been 
triggered. Please note that the "Status Sheet" is specific to the last sampling event entered in 
the "Time Trend" worksheet. The "Status Sheet" will be updated as you add new monitoring 
data. For this reason, the user may want to print out the "Status Sheet" corresponding to each 
monitoring event for record-keeping purposes. 

• 	 Determine appropriate response to conditions that have been triggered. This response will be 
determined by field personnel. The most appropriate response may be based on many factors 
including trigger level (i.e., High, Medium, Low), duration of project remaining and fraction 
of cumulative budget that has been expended up to that point. The amount of budget that has 
been utilized is graphically illustrated on the imbedded chart in the "Status Sheet" worksheet. 
This graph can also help to identify trends in ambient concentrations that may impact the 
exposure budget. 

• 	 Enter date and results for the next sampling event in the "Time Trends" worksheet and follow 
the steps listed above until monitoring has been completed for the project. 
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TABLE B·1 Diagnostic Test Data Set for the Prototype PETS 

[Hypothetical Data· Not Actual Monitoring Measurements] 

Test Assumptions: 
Slope of the Cumulative Exposure Budget: 730 

Work Start Date: 2/26/01 
Projected Work End Date: 5/1101 

Monitoring Event 
[#] 

Monitoring Date 
[mo/day/yr] 

Monitored Result 

[ng/m1 
Triggers [1] 

1 02126/01 10000 C1; C2; C3; C5 
2 03/02/01 11 CCE1; CCE2; CCE4 
3 03/07/01 23 CCE1; C7; CCE2; CCE4 
4 03/10101 24 CCE1; CCE2; CCE3; CCE4 
5 03/15/01 25 C4 and C8; CCE2; CCE3; CCE4 
6 03/20101 30 C5; C5 and C8; CCE2; CCE3; CCE4 
7 03/25/01 C5; C7; C1 and C8; C2 and C8; C3 and C8; C5 and C8; CCE2; CCE3; CCE4 2110 
8 04/01/01 2185 C5; C6; C1 and C8; C2 and C8; C3 an dC8; C5 and C8; C6 and C8; CCE2; CCE3; CCE4 
9 04/02/01 2000 C1; C2; C3; C5; CCE1; PCE1; CCE2; CCE3; CCE4 
10 04/10101 2010 C1; C2; C3; C5; CCE1; PCE1; CCE2; CCE3; CCE4 
11 04/12/01 2020 C1; C2; C3; C5; CCE1; PCE1; CCE2; CCE3; CCE4 
12 04/16/01 2030 C5; C1 and C8; C2 and C8; C3 and C8; C5 and C8; CCE2; PCE2; CCE3; CCE4; PCE2 and C8 
13 04/25/01 2000 C1; C2; C3; C5; CCE1; CCE2; CCE3; CCE4; PCE3 

Notes: 
[1] Triggers in Bold and Underlined indicate the first time that corresponding condition was "true" given this data sequence. 

[2] The diagnostic screening test data set was developed to demonstrate that all triggers were properly calibrated and will be displayed on the 
Status Sheet. Since the Status Sheet displays the triggers associated with the latest date entered 
into the workbook, each monitoring date and corresponding monitoring result must be entered in the order presented. After entry of each 
row, the Status Sheet will show the triggers presented in the the last column of this table. The Status sheets for each monitoring event 
are also contained in this appendix. 



STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 2/26/01 

[Hypothetical Data - Not an Actual Monitoring Measurement] 
Monitored Concentration (ng/m 3): 10,000 
Response Level: LOW 
Response: Evaluate the Cause of Triggered Conditions 

Triggers: 
High 

Medium 

Low 

Trigger C5: Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% 

Trigger C1: Measured Concentration Exceeds Maximum Occupational Limit 
Trigger C2: Measured Concentration Exceeds Minimum TEUNTEL for a Worker in the Public 
Trigger C3: Measured Concentration Exceeds the Risk-Based Exposure Point Concentration Forming the Basis of the Cumulative Exposure Budget Line 
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Cumulative Exposure Budget Tracking at 
Hypothetical Monitoring Station for Diagnostic Test Data Set 
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STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 3/2/01 

[Hypothetical Data - Not an Actual Monitoring Measurement] 
Monitored Concentration (ng/m3 

): 11 
Response Level: HIGH 
Response: Implement Engineering Controls 

Triggers: 
High 

Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 

Medium 
Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 

Low 
Trigger CCE 1: Exceeding 75% of the Cumulative Exposure Budget Now 

12112101 
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STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 3/7/01 

[Hypothetical Data - Not an Actual Monitoring Measurement] 
Monitored Concentration (ng/m\ 23 
Response Level: HIGH 
Response: Implement Engineering Controls 

Triggers: 
High 

Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 

Medium 
Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 

Low 
Trigger CCE1: Exceeding 75% of the Cumulative Exposure Budget Now 

Trigger C7: Measured Concentration has Doubled Since the Last Monitoring Period 
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STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 3/10101 

[Hypothetical Data - Not an Actual Monitoring Measurement] 
Monitored Concentration (ng/m\ 24 
Response Level: HIGH 
Response: Implement Engineering Controls 

Triggers: 
High 

Trigger CCE3: Measured Concentration Exceeds the Cumulative Exposure Budget for Three Monitoring Periods In a Row 
Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 

Medium 
Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 

Low 
Trigger CCE1: Exceeding 75% of the Cumulative Exposure Budget Now 

1211 01 
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STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 3/15/01 

[Hypothetical Data - Not an Actual Monitoring Measurement] 
Monitored Concentration (ng/m\ 25 
Response Level: HIGH 
Response: Implement Engineering Controls 

Triggers: 
High 

Trigger CCE3: Measured Concentration Exceeds the Cumulative Exposure Budget for Three Monitoring Periods In a Row 
Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 

Medium 
Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 

Low 

Trigger C4 and Trigger C8: 	 Measured Concentration Exceeds the Annual Average Background Concentration by more than 10% but less than 25% and Measured Concentration 
has Increased for Three Monitoring Periods In a Row 

•
12112101 
I f I f 	 I I I I• 	 , , • 



• • •,I I I I a a I It II I I I I 

STATUS REPORT 


Cumulative Exposure Budget Tracking at 

Hypothetical Monitoring Station for Diagnostic Test Data Set 


100,000 ,----------.-----,------~---~ -- -~-------__,_---.--,___----

90,000 +------+-----+------+----~------ -----~ -~----+--------1 

80,000 ----~---.---__+-------+---~-~ -----t---- ~ --+----- ---- ~-t__------+----

'iii' 70,000 - --~----+------+--------- 1----~-------:---------1-------t_----1 
;.. 
co 
"9.., LEGEND< 
E 60,000 ------+-----+-----+---~------- ---
C, 
.s 
Q)... 
~ 50,000 +-------+------+------+----~-- - ---I----~------+_----___1 
o 
Co 
>< 
W 

-------I~----------~--- --~---+----_i.~ 40,000 +------+-----+----
1a 
:; 
E 
::s 
u 30,000 1-------- ~---~---~----- -- -~---~-- ~ - ~~---- ---~~-~--+-----+-----

20,000 I~ 

10,000 II V-

o~ 
o 10 _ 20 30 40 50 60 70 

Days Since Start of Work [days] 

-+- Calculated Cumulative Exposure for 
Work Effort to Date [ng/m3-daysj 

---II-- Cumulative Exposure Budget for 
Work Effort to Date [ng/m3-daysj 

'------------------~-----~----------------------------_________--.J 

12112101 appendix B case 5 



• • • • 

STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 3/20101 

[Hypothetical Data - Not an Actual Monitoring Measurement] 

Monitored Concentration (ng/m\ 30 
Response Level: HIGH 
Response: Implement Engineering Controls 

Triggers: 
High 

Trigger CCE3: Measured Concentration Exceeds the Cumulative Exposure Budget for Three Monitoring Periods In a Row 
Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 

Medium 
Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 

Trigger C5 and Trigger C8: 	 Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% and Measured Concentration has Increased for 
Three Monitoring Periods In a Row 

Low 

Trigger C5: Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% 
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STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 3/25/01 

[Hypothetical Data - Not an Actual Monitoring Measurement] 
Monitored Concentration (ng/m\ 2,100 
Response Level: HIGH 
Response: Implement Engineering Controls 

Triggers: 
High 

Trigger CCE3: Measured Concentration Exceeds the Cumulative Exposure Budget for Three Monitoring Periods In a Row 
Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 

Medium 
Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 

Trigger C5 and Trigger C8: 	 Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% and Measured Concentration has Increased for 
Three Monitoring Periods In a Row 

Trigger C1 and Trigger C8: Measured Concentration Exceeds Maximum Occupational Limit and Measured Concentration has Increased for Three Monitoring Periods In a Row 
Trigger C2 and Trigger C8: Measured Concentration Exceeds Minimum TEUNTEL for a Worker in the Public and Measured Concentration has Increased for Three Monitoring 

Periods In a Row 
Trigger C3 and Trigger C8: Measured Concentration Exceeds the Risk-Based Exposure Point Concentration Forming the Basis of the Cumulative Exposure Budget Line and 

Measured Concentration has Increased for Three Monitoring Periods In a Row 
Low 

Trigger C5: Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% 

Trigger C7: Measured Concentration has Doubled Since the Last Monitoring Period 
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-+--- Calculated Cumulative Exposure for 
Work Effort to Date [ng/m3-days] 

---- Cumulative Exposure Budget for 
Work Effort to Date [ng/m3-days] 
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STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 4/1/01 

[Hypothetical Data· Not an Actual Monitoring Measurement] 

Monitored Concentration (ng/m\ 2,185 
Response Level: HIGH 
Response: 	 Implement Engineering Controls 

Triggers: 
High 

Trigger CCE3: Measured Concentration Exceeds the Cumulative Exposure Budget for Three Monitoring Periods In a Row 
Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 

Medium 
Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 

Trigger C5 and Trigger C8: 	 Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% and Measured Concentration has Increased for 
Three Monitoring Periods In a Row 

Trigger C1 and Trigger C8: Measured Concentration Exceeds Maximum Occupational Limit and Measured Concentration has Increased for Three Monitoring Periods In a Row 
Trigger C2 and Trigger C8: Measured Concentration Exceeds Minimum TEUNTEL for a Worker in the Public and Measured Concentration has Increased for Three Monitoring 

Periods In a Row 
Trigger C3 and Trigger C8: Measured Concentration Exceeds the Risk-Based Exposure Point Concentration Forming the Basis of the Cumulative Exposure Budget Line and 

Measured Co.ncentration has Increased for Three Monitoring Periods In a Row 
Low 

Trigger C5: Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% 
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Cumulative Exposure Budget Tracking at 

Hypothetical Monitoring Station for Diagnostic Test Data Set 
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STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 4/2/01 

[Hypothetical Data - Not an Actual Monitoring Measurement] 
Monitored Concentration (ng/m\ 2,000 
Response Level: HIGH 
Response: Implement Engineering Controls 

Triggers: 
High 

Trigger CCE3: Measured Concentration Exceeds the Cumulative Exposure Budget for Three Monitoring Periods In a Row 
Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 

Medium 
Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 

Low 
Trigger CCE1: Exceeding 75% of the Cumulative Exposure Budget Now 
Trigger PCE1: Projected Cumulative Exposure Budget Exceeded Based on Most Recent Exposure Rate for the Remainder of the Project with 25% to 50% of the 

Project Duration Remaining 
Trigger C5: Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% 

Trigger C1: Measured Concentration Exceeds Maximum Occupational Limit 
Trigger C2: Measured Concentration Exceeds Minimum TELINTEL for a Worker in the Public 
Trigger C3: Measured Concentration Exceeds the Risk-Based Exposure Point Concentration Forming the Basis of the Cumulative Exposure Budget Line 
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STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 4/10101 

[Hypothetical Data - Not an Actual Monitoring Measurement] 
Monitored Concentration (ng/m\ 2,010 
Response Level: HIGH 
Response: Implement Engineering Controls 

Triggers: 
High 

Trigger CCE3: Measured Concentration Exceeds the Cumulative Exposure Budget for Three Monitoring Periods In a Row 
Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 

Medium 
Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 

Low 
Trigger CCE1: Exceeding 75% of the Cumulative Exposure Budget Now 
Trigger PCE1: Projected Cumulative Exposure Budget Exceeded Based on Most Recent Exposure Rate for the Remainder of the Project with 25% to 50% of the 

Project Duration Remaining 
Trigger C5: Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% 

Trigger C1: Measured Concentration Exceeds Maximum Occupational Limit 
Trigger C2: Measured Concentration Exceeds Minimum TEUNTEL for a Worker in the Public 
Trigger C3: Measured Concentration Exceeds the Risk-Based Exposure Point Concentration Forming the Basis of the Cumulative Exposure Budget Line 
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Cumulative Exposure Budget Tracking at 

Hypothetical Monitoring Station for Diagnostic Test Data Set 
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-+- Calculated Cumulative Exposure for 
Work Effort to Date [ng/m3-days] 

---- Cumulative Exposure Budget for 
Work Effort to Date [ng/m3-days] 
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STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 4/12/01 

[Hypothetical Data - Not an Actual Monitoring Measurement] 
Monitored Concentration (ng/m\ 2,020 
Response Level: HIGH 
Response: Implement Engineering Controls 

Triggers: 
High 

Trigger CCE3: Measured Concentration Exceeds the Cumulative Exposure Budget for Three Monitoring Periods In a Row 
Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 

Medium 
Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 

Low 
Trigger CCE1: Exceeding 75% of the Cumulative Exposure Budget Now 
Trigger PCE1: Projected Cumulative Exposure Budget Exceeded Based on Most Recent Exposure Rate for the Remainder of the ProjeCt with 25% to 50% of the 

Project Duration Remaining 
Trigger C5: Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% 

Trigger C1: Measured Concentration Exceeds Maximum Occupational Limit 
Trigger C2: Measured Concentration Exceeds Minimum TEUNTEL for a Worker in the Public 
Trigger C3: Measured Concentration Exceeds the Risk-Based Exposure Point Concentration Forming the Basis of the Cumulative Exposure Budget Line 
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Work Effort to Date [ng/m3-days] 
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STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 4/16/01 

[Hypothetical Data - Not an Actual Monitoring Measurement] 
Monitored Concentration (ng/m3 

): 2,030 
Response Level: HIGH 
Response: Implement Engineering Controls 

Triggers: 
High 

Trigger C8 and Trigger PCE2: Measured Concentration has Increased for Three Monitoring Periods In a Rowand Projected Cumulative Exposure Budget Exceeded Based on Most 
Recent Exposure Rate for the Remainder of the Project with 10% to 25% of the Project Duration Remaining 

Trigger CCE3: Measured Concentration Exceeds the Cumulative Exposure Budget for Three Monitoring Periods In a Row 
Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 

Medium 
Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 
Trigger PCE2: Projected Cumulative Exposure Budget Exceeded Based on Most Recent Exposure Rate for the Remainder of the Project with 10% to 25% of the 

Project Duration Remaining 
Trigger C5 and Trigger C8: Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% and Measured Concentration has Increased for 

Three Monitoring Periods In a Row 

Trigger C1 and Trigger C8: Measured Concentration Exceeds Maximum Occupational Limit and Measured Concentration has Increased for Three Monitoring Periods In a Row 
Trigger C2 and Trigger C8: Measured Concentration Exceeds Minimum TELINTEL for a Worker in the Public and Measured Concentration has Increased for Three Monitoring 

Periods In a Row 
Trigger C3 and Trigger C8: Measured Concentration Exceeds the Risk-Based Exposure Point Concentration Forming the Basis of the Cumulative Exposure Budget Line and 

Measured Concentration has Increased for Three Monitoring Periods In a Row 
Low 

Trigger C5: Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% 

, , ,
I I !IJ ., , , , , ,I I I 



• 

---------------

--

_____ _ 

• a a a I a I I I. I I I. I. I. I I I I 


STATUS REPORT 


Cumulative Exposure Budget Tracking at 

Hypothetical Monitoring Station for Diagnostic Test Data Set 


100,000 ,------,------,------,-------,---_____-------_-,--___--, 

90,000 +------+-------+-----f----- ---f----- -------4 

80,000 --------- f-------i----  -- ----t--------------------

70,000 
:>. cu 
'9.., LEGEND< 

Ui' 

~---j~-+---------+-----------'~ ..~-----
E 60,000
e;, 
.s 
l!! 
:::l 
UI 50,000 /_---
0 
Co 
)( 

W 
CI) ____--+___ --t---------+--;,r/-- __ _____ __t-f--_-~~~~--__-I_> 40,000:; 
'3 
E 
:::l !I ~ 

(,,) 30,000 

I 
___ ~~ -~--r______-----

20,000 
~~ I ..._- t-----

10,000 Ivyr ...---f----

0 

o 10 20 30 40 50 60 70 

Days Since Start of Work [days] 

-+- Calculated Cumulative Exposure for 
Work Effort to Date [ng/m3-days] 

--- Cumulative Exposure Budget for 
Work Effort to Date [ng/m3-days] 

12112101 appendix B case 12 



STATUS REPORT 
Monitoring Station: Hypothetical Monitoring Station for Diagnostic Test Data Set 
Monitoring Date: 4/25/01 

[Hypothetical Data - Not an Actual Monitoring Measurement] 
Monitored Concentration (ng/m3 

): 2,000 
Response Level: HIGH 
Response: Implement Engineering Controls 

Triggers: 
High 

Trigger CCE3: Measured Concentration Exceeds the Cumulative Exposure Budget for Three Monitoring Periods In a Row 
Trigger CCE4: Cumulative Exposure Budget Exceeded by 25% or More 
Trigger PCE3: Projected Cumulative Exposure Budget Exceeded Based on Most Recent Exposure Rate for the Remainder of the Project with less than 10% of the 

Project Duration Remaining 
Medium 

Trigger CCE2: Exceeding 100% of the Cumulative Exposure Budget Now 

Low 
Trigger CCE1: Exceeding 75% of the Cumulative Exposure Budget Now 

Trigger C5: Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% 

Trigger C1: Measured Concentration Exceeds Maximum Occupational Limit 
Trigger C2: Measured Concentration Exceeds Minimum TEUNTEL for a Worker in the Public 
Trigger C3: Measured Concentration Exceeds the Risk-Based Exposure Point Concentration Forming the Basis of the Cumulative Exposure Budget Line 
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New Bedford Harbor Early Action Remedial Action Sampling - 14 March 2001 

p rerImlnary Dat a: Do no CI e or guot e. 
Sample Event Date 3/14/01 

Project Number 
Station 28 20 Main Street 

Sample Type Normal Sample 

Lab Sample Number 03140128 Prevailing Wind Direction 
Preliminary Flow (slpm) 225 Average Temperature (OF) 
Run Time (hours) 24.08 Average Solar Radiation (wemZ) 
Sample Volume (m3) 325.08 Total Precipitation (inches H.,O) 

WNW 

42.5 

132 

0.00 

Analyte 
Detection Concentration 

Detsym Limit (ng) Mass (ng) EMPC* QFlag (ng/m3) TEF 
TEQt 

(ng/m3) 
PCB Homologue Groups 

Total MonoCB 
Total DiCB 
Total TriCB 

Total TetraCB 
Total PentaCB 
Total HexaCB 

Total HeptaCB 
Total OctaCIl 

Total NonaCB 
DccaCB (#209) 

Homologue Groups Sum 

= 0.0755 
= 0.315 
= 0.569 
= 0.661 
= 0.0983 
= 0.0371 
= 0.045 
= 0.032 
< 0.0661 
< 0.0254 

122 - 0.375 
2260 - 6.95 
3940 - 12.1 
1260 - 3.88 
129 - 0.397 
27.6 - 0.0849 

1.69 - 0.00520 
0.089 . 0.00027 
- - ND 0.0002 
- - ND 0.00008 

7740 24 

* M indicates all or a portion of the result has a calculated EMPC value. 
t TEQ is the product of the concentration and its TEF value. 
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New Bedford Harbor 

Meteorological Data -
Hourly Summary 

14 Mar - 15 Mar, 2001 (0800 EST - 1100 EST) 
8TD TltDlp. TltDlp. Delta SolarDate WlDdDtnctlDD Batt. Bur. P1'ecIp.

(10m/ (2ra/ TltDlp ...uatioa Pr-. 
__:I ftc Ia.

l.o.DaY UT' _ph dea com..- dea ... ... ... Ia.BII ~O
I 

03/14 800 6.26259.86 W 15.76 43.22 42.27 0.95 175.79 13.86 29 92 o 
03/14 900 9.26263.99 W 13.82 44.7 44.3 0.4 216.04 13.81 29 85 o -
03/14 1000 11.91271.12 W 14.8 47.38 46.68 0.7 445.2 13.76 29 78 o 
03/14 1100 13.59 289.1 WNW 12.62 48.86 48.27 0.59 363.01 13.7 29 73 o 
03/141200 14.29313.54 NW 11.74 46.91 46.57 0.34 217.6613.72 29 70 o 
03/14 1300 16.72299.97 WNW 12.78 47.73 47.4 0.32 488.3313.72 29 66 o 
03/14 1400 16.08 293.2 WNW 12.77 47.18 46.87 0.31 336.88 13.72 29 62 o 
03/141500 17.82291.49 WNW 13.06 48.2 48.01 0.19 445.11 13.71 29 55 o 
03/14 1600 16.7294.53 WNW 13.13 47.1 46.89 0.21 322.4813.72 29 53 o 
03/14 1700 13.98291.83 WNW 12.92 45.97 45.66 0.31 79.2413.73 29 53 o 
03/141800 12.2 290.8 WNW 12.78 44.49 44.14 0.35 25.8813.77 29 53 o -
03/14 1900 9.71 276.7 W 12.27 43.03 42.6 0.43 o 13.8 29 54 o 
03/14 2000 12.47 285.3 WNW 12.7 42.48 42.07 0.41 -0.17 13.82 29 56 o 
03/142100 12.8292.05 WNW 12.64 41.85 41.46 0.39 -0.1613.84 29 56 o 
03/14 2200 10.54271.48 W 15.08 4l.21 40.78 0.43 -0.1713.85 29 57 o 
03/14 2300 11.29277.03 W 13.11 40.78 40.37 0.41 -0.15 13.86 29 57 o 
03/15 2400 10.09284.99 WNW 14.45 40.18 39.77 0.41 -0.09 13.87 29 59 o 
03/15 100 7.8267.77 W 15.42 39.48 39.06 0.42 -0.1 13.88 29 60 o 
03/15 200 6.91239.24 WSW 17.1 38.42 38.1 0.32 -0.0713.89 29 61 o 
03/15 300 6.77 253.89 WSW 15.28 37.95 37.63 0.32 0.0113.91 29 63 o 
03/15 400 7.76 257.9 WSW 14.28 38.18 37.83 0.35 0.07 13.91 29 63 o 
03/15 500 7.09240.61 WSW 16.55 37.81 37.52 0.29 0.0513.92 29 64 o 
03/15 600 7.4246.09 WSW 16.23 38.04 37.74 0.3 1.1313.92 29 63 o 
03/15 700 5.93240.14 WSW 17.79 39.64 38.9 0.74 55.74 13.9 29 63 o ... 
03/15 800 10.59264.81 W 14.81 43.26 42.26 1 21l.6913.84 29 61 o 
03/15 900 13.52279.14 W 13.96 45.35 44.73 0.62 40l.82 13.77 29 59 o 
03/15 1000 13.45286.04 WNW 14.32 47.26 46.35 0.9 574.2913.72 29 56 o 
03/15 1100 13.89282.76 WNW 14.05 49.71 49.09 0.62 686.74 13.68 29 53 o 

Avenp 11.31 14.15 43.44 42.98 0.47 180.22 13.81 29 62.32 o • 
K!D1m1lDl 5.93 11.74 37.81 37.52 0.19 -0.1713.68 29 53 o 
JIaJdm..... 17.82 17.79 49.71 49.09 686.7413.92 29 92 o 

Total o 
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• Wind Speed (mph) Percent Occurance Wind Speed (mph) Percent Occurance 
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0.5-3 3-7 7-11 11-16 16-21 >21 0.5-3 3-7 7-11 11-16 16-21 >21 

N 0 0 0 0 0 0 SO 0 0 0 0 0 
NNE 0 0 0 0 0 0 SSW 0 0 0 0 0 0 

lIE 0 0 0 0 0 0 SWO 3.08 0.92 0 0 0 
MEO 0 0 0 ,0 0 WSW. 0 7.69 10.46 0 0 0 

EO 0 0 0 0 0 WO 2.15 15.08 13.54 0.31 0 
ESE 0 0 0 0 0 0 WNW 0 0 4.62 27.69 9.54 0.31 

SE 0 0 0 0 0 0 NW 0 0 0 2.77 1.23 0 
SSE 0 0 0 0 0 0 NNW 0 0 0 0.31 0.31 0 

• 

.. 

.. 


3/20/01 Page 20f2 

.. 




Home Sheet -
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IMonitoring Station AQ Site 28 - 20 Main Street Monitoring Station 
Exposure Budget Slope 639 
Work Start Date 2/26/01 
Projected Work End Date 4/11/01 

I 

i 1,000Occupational Limit Used as q~J!~~L 
i 

I 
[ng/m3] 

iTEL for Worker in Public 
: 

[ng/m3] 50,000-_.... _

NTEL for Worker in Public [ng/m3] 
1 1,789 

Miniumum of TEUNTEL 
I 

I [ng/m3] I 1,789 

IBackground Concentration [ng/m3] 21.4I 

• 


-

-


lit 

• 


.. 
-
-
-
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Time Trend 

AQ Site 28 - 20 Main Street Monitoring Station 


Early Action Rerooval Action 

Ambient Air Monitoring 


~alculated Cumulative Running 
Days Since Measured Exposure Exposure Budget Cumulative Exposure Budget Average of Work 
Previous Average Monitoring Result During This Monitoring During This Monitoring Work Effort Elapsed Exposure for Work for Work Effort to Monitored Effort 

f-...E~ve",n"-t_t--:M=on~itC'onC'ring=cD",a,-,te7-lc-"M,,,onitOring Even~ Work Effort Elapsed Tlrre ~'tored Result l)urinJl~o",toring Period._ . ___P~~__ .....___Period _ Ti~_ Effort to Date Date __-:-:R.:::es:.:u"lts,___+R:.::ema=n.::in=9. 
I---,[S'j#},---+-,[",Iroon=;othl~d~a,,!:-!-,y/y,ea=.o.rl_+_-~_ [daysl ___1"9irT"L_~ __ J!l9'.m'L____ _ __ [I19IiTl':d"ysl ___ __l".9lm~ _ _ ~ ____+--_--"-[rn,-,=g/-rm,""'-d~a::l.Yc::.'SIL-+--,[,-"lng/",rm-,,;',,,-d=ay,-,,s,,--1+-_~__+--",[(d""ay~,syl 
f-~1_ _+_--,212~7~1071---j---0=--.--+--------=0- 196 _____0_____.+_____ .000 ___ ------2.-.-... ----f----- 0 0 0 __--+_-c0~.00~-+--.....:;44~_1 

~2_+-_-;3/,"1;S1021_._ .___~2---_+---~2:_--- ____~__ 2.93 5.86 1,277 --2----- 5.86 1,277 2.93 42 
3 318101 7 9 10 6.95 - 4ifss---- - - .. 4470 9 54.51 5,747 5.29 35 

f-~4--+---c3/~121O~1----j-------c4c----t------i1";;-3--_-_-.-__-+---:O'11:------f------c1""0"'.50:;.----- - 42.00--- -----:t554---13--- 97 8,302 6.72 31 

f-~5-_+_-_c3/~14i'i1O~1-----_i-------';2:____-__t----.-__;;1~5---------...2L---~-35~OO - 1,277 - __15-132---===---~-;,9~,5~7~9~==~===1~0~.1~7==~==~2~9==~ 
_~~__+-_--:~,,"li;;:::~__ --.-2~7----+-----2;;1~c---_.-_- ~--=~105- --=r-=-~H§---- -. --'--~:~i~--=---~ rr~ -:-~-- --I~T-- ~~:~~ ~: ;~__ =-i~ ::.::..:- ----~ 

~-- ----{t~-- ~ ~ _~~ _-=~-=-~__ l:"~--- _=~:i! ------~~~~----- ~ ~;~ ~~::----+-~~CS::s~7--+--';i~'---1 
--10- 4/11101 7 43 10 10.50 73.50 4470 43 394 27460 9.52 
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STATUS/SCREENING REPORT 

--- ------~-------------- --------------- ---~----------- ~--~------ -----.. -------~ 

Cumulative Exposure Budget Tracking for AQ Site 28 - 20 Main Street Monitoring Station 

New Bedford Harbor Early Action Removal Action 
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STATUS/SCREENING REPORT 
Monitoring Station: AQ Site 28 - 20 Main Street Monitoring Station 
Monitoring Date: 3/14/01 

Monitored Concentration (ng/m\ 24 
Response Level: LOW 
Response: 	 Evaluate the Cause of Triggered Conditions 

Triggers: 
High 

Medium 

Low 

Trigger C6: Previous Two Measured Concentrations Exceed the Running Average Concentration Through that Monitoring Event by more than 25% 
Trigger C7: Measured Concentration has Doubled Since the Last Monitoring Period 

Trigger C4 and Trigger C8: 	 Measured Concentration Exceeds the Annual Average Background Concentration by more than 10% but less than 25% and Measured Concentration 
has Increased for Three Monitoring Periods In a Row 

6/13/01 Page 1 of 2 	 ea2820 
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II. Il Il a I I I• • • , , • • 
New Bedford Harbor Com Electric Sampling - 21 June 200 I 

p r CI e or quo te.re Imlnary oata: oo no 
Sample Event Date 612112001 

Lab Sample 10 L3566-3 

Station ID/Name 30/Fiber Leather 

Sample Type Nonnal Sample 

Sample Number 

Preliminary Flow (slpm) 

Run Time (hours) 

Sample Volume (m') 

06210130 

225 

24.05 

324.675 

Prevailing Wind Direction 

Average Temperature (OF) 

Average Solar Radiation (w ·m') 

Total Precipitation (inches H ,0) 

NE 
70.1 

215 

0.00 

Analyte 
Detection 

Detsym Limit (ng) Mass (ng) EMPC· 
Concentration 

QFlag (ng/m') TEF 
TEQt 

(ng/m'\ 
PCB Homologue Groups 

Total MonoCS 
Total DiCS 
Total TriCS 

Total TetraCS 
Total PentaCB 
Total HexaCB 

Total HeptaCB 
Total OctaCB 

Total NonaCB 
DecaCB (#209) 

Homologue Groups Sum 

= 0.059 
= 0.262 
= 0.356 
= 0.621 
= 0.22 
= 0.358 
= 0.0194 
= 0.0199 
= 0.045 
= 0.0255 

347 
17100 
28200 
21400 
44\0 
1040 

66 
2.8 
0.458 
0.062 

72600 

-
-

-

-
-

-

-
-
-

-

1.07 
52.7 
86.9 
65.9 
13.6 
3.2 
0.20 
0.0086 
0.00141 
0.00019 

220 

• M indicates all or a portion of the result has a calculated EMPC value. 
t TEO is the product of the concentration and its TEF value. 
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New Bedford Harbor 


Meteorological Data 


Hourly Summary 

21 Jun - 22 Jun, 2001 (0900 EST - 0900 EST) 


-

-


W'illd W'illd DirectIoD STD Temp. Temp. Delta Solar Barr. Relattv. Date Time Batt. Preclp.Speed (10m) (2m) Temp RadJatlOD Pre-. BWDldlty 
ill.

110. Day EST mph de, comp... de, 'J' 'J' 'J' vdc ill. III %lUI 
~o 

06/21 900 14.08 47.03 NE 9.04 73.58 73.76 -0.18· 433.0413.34 30 73 o 
06/21 1000 13.93 66.44 ENE 11.89 76 75.89 0.11 614.0613.28 30 66 o 
06/21 1100 14.69 71.35 ENE 10.1 77.04 76.9 0.14 779.2913.25 30 62 o 
06/21 1200 13.3 57.81 ENE 10.33 77.1 77.57 -0.47 661.01 13.24 30 64 o 
06/21 1300 14.35 53.88 NE 9.16 75 76.05 -1.06 592.8913.25 30 66 o -
06/21 1400 11.95 52.68 NE 10.9 74.76 76.04 -1.28 623.2 13.26 30 67 o 

06/21 1500 10.62 59.67 ENE 11.29 74.78 75.84 -1.06 479.16 13.27 30 69 o 

06/21 1600 9.99 71.19 ENE 10.83 73.4 74.02 -0.62 298.46 13.28 30 71 o 
 ..06/21 1700 11.14 58.07 ENE 7.54 71.75 72.46 -0.71 195.4 13.3 30 71 o 
06/21 1800 11.58 34.24 NE 8.6 70.64 71.38 -0.74 218.6613.33 30 72 o 
06/21 1900 11.83 39.88 NE 8.34 67.9 68.77 -0.88 126.1513.36 30 75 o 
06/21 2000 9.11 43.39 NE 9.57 66.7 67.28 -0.58 42.513.39 30 77 o 
06/21 2100 6.22 59.44 ENE 10.82 65.82 66 -0.18 3.8413.42 30 80 o 
06/212200 5.86 46.15 NE 9.25 65.92 66.06 -0.14 013.43 30 82 o 
06/21 2300 5.66 47.92 NE 9.41 65.99 66.09 -0.11 013.44 30 83 o 
06/222400 4.47 75.8 ENE 10.81 66.44 66.32 0.12 013.44 30 83 o 
06/22 100 3.92 68.05 ENE 11.42 66.61 66.51 0.11 013.45 30 84 o .. 
06/22 200 3.94 55.49 NE 8.25 64.9 65.15 -0.24 -0.02 13.45 30 87 o 

06/22 300 4.37104.37 ESE 10.47 65.76 65.58 0.19 -0.0513.46 30 90 o 

06/22 400 5.37 125.9 SE 9.19 66.46 66.33 0.12 -0.0513.45 30 92 o 

06/22 500 5.42 145.54 SE 10.25 67.11 66.97 0.13 -0.03 13.44 30 92 o 

06/22 600 5.33121.99 ESE 9.92 67.11 66.94 0.17 6.08 13.44 30 93 o 
 -
06/22 700 6.5132.72 SE 10.19 66.77 66.54 0.23 27.8913.44 30 95 o 

06/22 800 6.69126.72 SE 8.9 67.89 67.45 0.44 92.9413.42 30 95 o 

06/22 900 7.22 135.78 SE 9.95 69.81 69.39 0.42 168.14 13.4 30 93 o 
 ..A_nee 8.7 9.86 69.81 70.05 -0.24 214.5 13.37 30 79.28 o 

lI1uImum 3.92 7.54 64.9 65.15 -1.28 -0.05 13.24 30 62 o 
llazlmum 14.69 11.89 77.1 77.57 0.44 779.2913.46 30 95 o 

Total o • 

• 

• 

• 

-
.. 

-

-

-
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• New Bedford Barbor 

-
 21 Jl.ln - 22 Jun, 2001 (0900 EST - 0900 EST) 

-
• 33.91 

.. 


.. 

.. 

.. 

.. 

.. 

Q5 3 7 II 16 21 WJ .. Seal e (m p b ) 
Wind Speed (mph) Percent Occurance Wind Speed (mph) Percent Occurance .. 


.. 


0.5-3 3-7 7-11 11-16 16-21 >21 0.5-3 3-7 7-11 11-16 16-21 >21 
If 0 0 0 0 0 0 S 0 0 0 0 0 0 

IOIE 0 0.35 0.35 1.73 0 0 ssw 0 0 0 0 0 0 
lO: 0 10.73 10.03 13.15 0 0 awo 0 0 0 0 0 

ERE 0 10.38 5.19 13.15 1.04 0 wsw 0 0 0 0 0 0 
E 0.35 3.46 1.73 1.04 0 0 WO 0 0 0 0 0 

ESE 0.69 4.5 1.04 0 0 0 WNW 0 0 0 0 0 0 
SE 0 13.84 3.11 0 0 0 lfW 0 0 0 0 0 0 

SSE 0 3.46 0.69 0 0 0 NNW 0 0 0 0 0 0 

.. 
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Home Sheet 

Monitoring Station 
Exposure Budget Slope 
Work Start Date 
Projected Work End Date 

AQ Site 30 - Fiber Leather Facility Monitoring Station 
615 

4/10101 
7/10101 

Occupational Limit Used as Ceiling [ng/m 3 
] 

--

1,000 

TEL for Worker in Public 
NTEL for Worker in Public 
Miniumum of TEUNTEL 

Background Concentration 
i 

i 

[ng/m3 
] 

[ng/m 3 
] 

[ng/m3 
] 

[ng/m 3 
] 

50,000 
1,789 
1,789 

45 

-

-

-

-

-

-

-

.. 

-


... 


... 


• 


.. 

-

-

-

-

-
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Time Trend 

AQ Site 30· Fiber Leather Facility Monitoring Station 


Commonwealth Electric Cable Crossing Relocation Project 

Ambient Air Monitoring 


• 


Calculated Cumulative Running 
Days Since Measured Exposure I Exposure Budget Cumulative Exposure Budget Average of Wor!< 

Previous Average Monitoring Result During This Monitoring During This Monitoring Wor!< Effort Elapsed Exposure for Wor!< for Wor!< Effort to Monitored Effort 
Event _ MonitoringDate _ ~o"itoring Evelll..~~ffort _ElaJlsed Time Monitored Result _puring-'.1~nitClring£eri<><! Penod Period ___________ Time Effort to Date Date Results Remanin9. 

!#} __Jmonthldayly"ar) [days). ____.J~__ ~-f"1- ____ .Jng/m~ _ ---[iigim'·days] _-!;;g0i~S)__.J~__ [n~I11J~.sL __ (r11J1111~ ~gIr11'j____[~ 
. 21 441111-~70101O11- r-- °7 7° 278° -- 49°.00 -- ----34°'300 f--- 4,3°0-5- -

7
------ - 0._ - .-- ° 0.00.-00- r-----0 _____ 91

343.00 4,305 49.00 84 
3 4/20/01 3 10'- ---'ne- 69.00 '-20700 1,845 10 -_55.2c00__ ~___ ._6,15O 69.33 81 

-- 4 --- --- -4125701-- --5--- 15 44 77.00 ---385.-00 3,075 - 15 935 9,225 63.00 76 

-~--r--_;g&\-I~~~~~r_--!~ -:-~~r-==~~ii~~~--~'i~~--=~--~!L __ ~~~J~--~ -- ~:~E~-- ~~i~:~~ m~ E 

8 ;-----_51~QI01.___ _____9_____ 50 4.7 __ __ 67.35 606.15 __~3_5___1___--- 50 +-------06~,06~0--+---~30"',~75O~--r----=1"'02=".09~--+--.::4;:::1--l 

--9- 6/18101 19 69- 41 22.85 434.15 11,685 69 6,494- - --42,435 - 95.30 22 
10--6/21101- --3 --7-2------ r----220----- "----136:50 -391so- 1845-- -----72 6886 44280 107.77 19 
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STATUS/SCREENING REPORT 
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Cumulative Exposure Budget Tracking for AQ Site 30 - Fiber Leather Facility Monitoring Station 

New Bedford Harbor Commonwealth Electric Cable Crossing Relocation Project 


Ambient Air Monitoring 

12,000 ------~7 -------
10,000 

Ui' 
>- 8,000co 

"C,.., 
< 
E 
C,
.:. 
~ 
::l 
VI 6,000 
0 
Q. 
>< 

W 
Q) 
>;; 
co 
"3 
E 
::l 4,000 
0 

2,000 

o 

. I 

I 

r I 

~-

I 

f----~.~ ~-~--I--

7 

~ 
i 

--- - ---.. ~ 

f-- /
l/

V 
~ 

o 10 20 30 40 50 60 

Days Since Start of Work [days] 

, Pa ? nf? 

..----...-V 

"-~---.~ 

-·~-~-·-----~·-~~--·--------r-~·-··-·~~-------··--·-·· --

~ 

LEGEND 

=-'-ca~ulated Cumulative Exposure fori 
Work Effort to Date [ng/m3-days] 

--Cumulative Exposure Budget for 
Work Effort to Date [ng/m3-days] 

_.__~________.-J 

70 

8/30101 



• • • • • • • • • , ,.. a .. a I .. I 

STATUS/SCREENING REPORT 

Monitoring Station: AQ Site 30 - Fiber Leather Facility Monitoring Station 
Monitoring Date: 6/21/01 

Monitored Concentration (ng/m\ 220 
Response Level: LOW 
Response: Evaluate the Cause of Triggered Conditions 

Triggers: 
High 

Medium 

Low 

Trigger C5: Measured Concentration Exceeds the Annual Average Background Concentration by more than 25% 

Trigger C7: Measured Concentration has Doubled Since the Last Monitoring Period 
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