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To All Interested Parties:

The U.S. Environmental Protection Agency {EPA) is pleased to release the Data Evaluation
and Interpretation Report for the Hudson River PCBs Superfund site. The findings of the
report are based on the geochemical analysis of water column and sediment data collected
during the Phase 2 Investigation, as well as data collected by other organizations (e.g.,
New York State Department of Environmental Conservation, U.S. Geological Survey, and
General Electric). The database utilized for thesé analyses was released previously, and is
available upon request on CD-ROM.

This report is the third in a series of six reports that will make up the Phase 2 Report of the
Reassessment. [t is important to recognize that the conclucinns in this report, although
significant, do not conclude whether or not remedial ac..... .. necessary for the PCB-
contaminated sediments of the upper Hudson. The numerical analysis (computer modeling)
of fate and transport of PCBs, the associated ecological and human health risk
assessments, and a feasibility study must be completed before such a conclusion can be
reached. The Phase 2 Report was divided into sections at the request of members of the
community interaction program. This allows interested parties to comment on the reports
prior to the incorporation of the work into the risk assessments and the feasibility study
and separates the Phase 2 Report into more manageable documents.

EPA will be accepting comments on the Data Evaluation and Interpretation Report

until April 11, 1997. The comment period is longer than we have provided for previous
Reassessment reports because of the extensive analyses that are included and the
complexity of those analyses. In addition, there are several findings discussed in this
report which were utilized in the Preliminary Model Calibration Report (released in October
1996}. Therefore, during this comment period, EPA will also accept comments on the
Preliminary Model Calibration Report as they pertain to findings from the Data Evaluation
and Interpretation Report. Please clarify which report your comment refers to, and include
the report section and page number for each comment. Comments should be sent to:

Douglas Tomchuk

US EPA - Region 2

290 Broadway - 20th Floor
New York, NY 10007-1866

Attn: DEIR Comments
A joint liaison group meeting will be held to discuss the Data Evaluation and Interpretation

Report on Wednesday, February 19, 1997 at 7:30 p.m. at the Marriott Hotel at
189 Wolf Road in Albany.

MEF 00T 1
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We look forward to your involvement in the Data Evaluation and Interpretation Report and
throughout the Reassessment. If you have any questions, please contact Ann Rychlenski,
the Community Relations Coordinator for the Hudson River PCBs site Reassessment at
{212) 637-3672.

Sincerely yours,

D~

Richard L. Caspe, Director
Emergency and Remedial Response Division
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EXECUTIVE SUMMARY
DATA EVALUATION AND INTERPRETATION REPORT

The U.S. Environmental Protection Agency is conducting a study of the Hudson River PCBs
Superfund site. reassessing the interim No Action decision the Agency made in 1984. The goal of
the Reassessment study is to determine an appropriate course of action for the PCB-contaminated
sediments in the Upper Hudson River in order to protect human health and the environment.

During the first phase of the Reassessment. EPA compiled existing data on the site, and conducted
rreliminary analyses of the data. As part of the second phase. EPA conducted field investigations
to characterize the nature and extent of the PCB loads in the Upper Hudson and the importance of
those loads to the Lower Hudson. EPA also conducted analyses of data collected by the New York
State Department of Environmental Conservation, the U.S. Geological Survey. and the General
Electric Company (GE), as well as other private and public agencies.

This report is the third of a series of six volumes that make up the Phase 2 Report. This volume. the
Data Evaluation and Interpretation Report. provides detailed descriptions and in-depth interpretations
of the water column and dated sediment core data collected as part of the Reassessment. The report
helps to provide an improved understanding of the geoche.w.... .. . CBs in the Hudson River. The
report does not explore the biological uptake and human health impacts. which will be evaluated in
future Phase 2 volumes.

The conclusions presented herein are based primarily on direct geochemical analyses of the data.
using conceptual models of PCB transport and environmental chemistry. The geochemical analyses
will be complemented and verified to the extent possible by additional numerical analysis via
computer simulation. Results of the numerical simulations will be reported in subsequent reports.
primarily the Baseline Modeling Report.

Major Conclusions - The analyses presented in the Data Evaluation and Interpretation Report lead
to four major conclusions as follows:

1. The area of the site upstream of the Thompson Island Dam represents the primary source of
PCBs to the freshwater Hudson. This includes the GE Hudson Falls and Ft. Edward facilities.
the Remnant Deposit area and the sediments of th> Thompson Island Pool.

e

The PCB load from the Thompson Island Pool has a readily identifiable homologue pattern
which dominates the water column load from the Thompson Island Dam to Kingston during low
flow conditions (typically 10 months of the vear).

The PCB load from the Thompson Island Pool originates from the sediments within the
Thompson Island Pool.

|99
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4. Sediment inventories will not be naturally "remediated” via dechlorination. The extent of
dechlorination is limited. resulting in probably less than a 10 percent mass loss from the original
concentrations.

A weight of evidence approach provides the support for these conclusions. with several different
lines of investigation typically supporting each conclusion. The subordinate conclusions and
tindings supporting each of these major findings are discussed below.

1. The area of the site upstream of the Thompson Island Dam represents the primary source
of PCBs to the freshwater Hudson. This includes the GE Hudson Falls and Ft. Edward
facilities, the Remnant Deposit area and the sediments of the Thompson Island Pool. Analysis
of the water column data showed no substantive water column load increases (i.e., load changes were
less than ten percent) from the Thompson Island Dam to the Federal Dam at Troy during ten out of
twelve monitoring events. These results indicate the absence of substantive external (e.g.. tributary)
loads downstream of the Thompson Island Dam as well as minimal losses from the water column
in this portion ot the Upper Hudson. These results also indicate that PCB transport can be
considered conservative over this area. with the river acting basically as a pipeline (i.e.. most of the
PCBs generated upstream are delivered to the Lower Hudson). Some PCB load gains were noted
during spring runoff and summer conditions, which were readily attributed to Hudson River
sediment resuspension or exchange by the nature of their homologue patterns. These load gains
were notable in that they represent sediment-derived loads which originate outside the Thompson
Island Pool, indicating the presence of substantive sediment inventories outside the Pool. The
Mohawk and Hoosic Rivers were each found to contribute to the total PCB load measured at Troy.
The loading from each of these rivers during the 1993 Spring runoff event could be calculated to be
as high as 20 percent of the total load at Troy. However. these loads represent unusually large
sediment transport events by these tributaries since both rivers were near or at 100-year flood
conditions.

A second line of support for the above conclusion comes from the congener specific analyses of the
water column samples which show conformity among the main stem Hudson samples downstream
of the Thompson Island Dam and distinctly different patterns in the water samples from the
tributaries. These results indicate that the tributary loads cannot be large relative to the main stem
load since no change in congener pattern is found downstream of the tributary confluences.

This conclusion is also supported by the results of the sediment core analyses which showed the
PCBs found in the sediments of the tributaries to be distinctly different from those of the main stem

Hudson. As part of this analysis. two measurement variables related to sample molecular weight and

dechlorination product content were shown to be sufficient to clearly separate the PCB patterns
found in the sediments of the freshwater Hudson from those of the tributaries. indicating that the
tributaries were not major contributors to the PCBs found in the freshwater Hudson sediments and
by inference. to the freshwater Hudson as a whole.
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When dated sediment core results from the freshwater Hudson were examined on a congener basis.
sediment layers of comparable age obtained from downstream cores were shown to contain similar
congener patterns to those found in a core obtained at Stillwater. just 10 miles downstream of the
Thompson Island Dam. Based on calculations combining the homologue patterns found at Stillwater
with those of other potential sources (¢.g.. the Mohawk River) it was found that no less than 73
percent of the congener content in downstream cores was attributable to the Stillwater core. This
suggests that the Upper Hudson is responsible for at least 75 percent of the sediment burden. and by
inference. responsible for 73 percent ot the water column load at the downstream coring locations.
Only in the cores from the New York/New Jersey Harbor was substantive evidence found for the
occurrence of additional PCB loads to the Hudson. Even in these areas. however, the Upper Hudson
load represented approximately half of the total PCB load recorded by the sediments.

The last line of evidence for this conclusion was obtained from the dated sediment cores wherein the
total PCB to cesium-137 (*’Cs) ratio was examined in dated sediment layers. Comparing sediment
layers of comparable age from Stillwater (10 miles downstream of the Thompson Island Dam) to
Kingston (100 miles downstream of the Thompson Island Dam). the data showed the sediment PCB
to ’Cs ratios at downstream cores to be readily predicted by those at Stillwater. implying a single
PCB source (i.e.. the area above the Thompson Island Dam) and quasi-conservative transport
between Stillwater and locations downstream. These calculations showed downstream ratios to
agree with those predicted from Stillwater to within the limitations of the analysis (+ 25 percent).

2. The PCB load from the Thompson Island Pool has a readily identifiable homologue pattern
which deminates the water column load from the Thompson Island Dam to Kingston during
low flow conditions (typically 10 months of the year). Evidence for the first part of this
conclusion stems largely from the Phase 2 water column sampling program which provided samples
above and below the Thompson Island Pool. In nearly every water column sampling event, the
homologue pattern of the water column at the Thompson Island Dam was distinctly different from
that entering the Thompson Island Pool at Rogers Island. In addition. the Phase 2 and GE
monitoring data both showed increased water column PCB loads at the downstream station. relative
to the upstream station, particularly under low flow conditions. Based on the monitoring data
collected from June 1993 to the present. water column concentrations and loads typically doubled

~ and sometimes tripled during the passage of the river through the Pool. Thus, a relatively large PCB

load originating within the Thompson Island Pool is clearly in evidence in much of the Phase 2 and
GE data. This load was readily identified as a mixture of less chlorinated congeners relative to those
entering the Pool.

The importance of this load downstream of the Thompson Island Dam is demonstrated by the Phase
2 water samples collected downstream of the Dam. These samples indicate the occurrence of
quasi-conservative transport of water column PCBs (i.e., no apparent net losses or gains) throughout
the Upper Hudson to Troy during much of the Phase 2 sampling period. This finding is based on
the consistency of homologue patterns and total PCB load among the downstream stations relative
to the Thompson Island Dam load. Thus. the region above the Thompson Island Dam is responsible
for setting water column concentrations and loads downstream of the Dam to Troy. During the low
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flow conditions seen in the Phase 2 sampling period. as well as in most of the post-June 1993
monitoring data collected by GE. the Thompson Island Pool was responsible for the majority of the
load at the Dam. Thus. the Thompson Island Pool load represents the largest fraction of the water
column load below the Dam during at least 10 menths of the vear. corresponding to low flow
conditions.

The importance of this load for the freshwater Lower Hudson is derived from a combination of the
water column and the sediment core results discussed above. Specifically. the water column results
show the Thompson Island Pool to represent the majority of the water column load during much of
the year throughout the Upper Hudson to Troy. The dated sediment core results show the Upper
Hudson to represent the dominant load to the sediments of the Lower Hudson and, by inference. to
the water column of the Lower Hudson. Since the majority of the Upper Hudson load is derived
from the Thompson Island Pool, the Thompson Island Pool load represents the majority of the PCB
loading to the entire freshwater Hudson as well.

3. The PCB load from the Thompson Island Pool originates from the sediments within the
Thompson Island Pool. The PCB homologue pattern present in the water column at the Thomson
[sland Dam is distinctly different from that which enters the Thompson Island Pool at Rogers Island.
This change in pattern was nearly always accompanied by a doubling or tripling of the water column
PCB load during the Phase 2 sampling period and subsequent monitoring by GE. This pattern
change and load gain occurred as a result of passage through the Pool. With no known substantive
external loads to the Pool, the sediments of the Pool were considered the most likely source of these

changes. Upon examination of the PCB homologue and congener patterns present in the sediment -

cores collected from the Thompson Island Pool and elsewhere it became clear that the sediment PCB
characteristics closely matched those found in the water column at the Thompson Island Dam and
sampling locations downstream during most of the Phase 2 sampling period. On the basis of this
PCB "fingerprint" it was concluded that the Thompson Island Pool sediments represented the major
source to the water column throughout much of the year as discussed above. '

Two possible mechanisms for transfer of PCBs to the water column from the sediment were explored
and found to be consistent with the measured water column load changes. The first mechanism
involved porewater exchange, i.e.. the transport of PCB to the water column via the interstitial water
found within the river sediments. This mechanism was examined using sediment-to-water partition
coefficients developed from the Phase 2 water column samples. These coefficients were used to
estimate the homologue patterns found in porewater from the Thompson Island Pool sediments.
These patterns were then compared with the measured water column patterns at the Thompson Island
Dam. On this basis it was demonstrated that this mechanism is generally capable of yielding the
water column homologue patterns seen. This analysis suggested that if porewater exchange is the
primary exchange mechanism, then sediments with relatively low levels of dechlorination are the
likely candidates for the Thompson Island Pool source.

The aiternate mechanism. resuspension of Thompson Island Pool sediments. was also shown to be
capable of vielding the water column patterns seen. Since this mechanism works by directly adding
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sediments to the water column. sediment homologue patterns were directly compared to those of the
water column at the Thompson Island Pool. The close agreement seen between the sediment and
water column homologue patterns demonstrated the viability of this mechanism. If resuspension is
the primary sediment-to-water exchange mechanism. then the responsible sediments must have
comparatively high levels of dechlorination. since the water column homologue pattern at the
Thompson Island Dam contains a relatively large fraction of the least chlorinated congeners.

As part of the investigation of Hudson River sediments. a relationship between the degree of
dechlorination and the sediment concentration was found such that sediments with higher PCB
concentrations were found to be more dechlorinated than those with lower concentrations, regardless
of age. This relationship had important implications for the nature of the sediments involved in the
sediment-water exchange mechanisms. For porewater exchange. which indicated a low level of
dechlorination in the responsible sediments, the sediment concentrations had to be relatively low.
although no absolute concentration could be established. For resuspension. the sediment
concentrations had to be relatively high (i.e., greater than 120,000 pug/kg (120 ppm)) in order to

attain the level of dechlorination necessary to drive the Thompson Island Pool load. This in turn

suggested that older sediments. particularly the relatively concentrated ones found in the previously
identified hor spots. are the likely source for the Pool load via the resuspension mechanism. Given
the complexities of sediment-water column exchange. .. . _.able that the current Thompson
Island Pool load is the result of some combination of both mechanisms.

Recent large releases from the Bakers Falls area may have also yielded sediments with sufficient
concentration so as to undergo substantive alteration and potentially vield some portion of the
measured load via resuspension. However, the mechanism for rapid burial and subsequent
resuspension is unknown. It is also conceivable that these materials could be responsible for a
portion of the load if porewater exchange is the driving mechanism. However, the presence of such
deposits is undemonstrated and must still be viewed in light of the prior, demonstrably large PCB
inventory.

In this assessment, neither porewater exchange nor resuspension was evaluated in terms of the scale
of the flux required to yield the measured Thompson Island Pool load. Such an evaluation will be
completed as part of the Baseline Modeling Report.

4. Sediment inventories will not be naturally '"remediated” via dechlorination. The extent of
dechlorination is limited, resulting in probably less than a 10 percent mass loss from the
original concentrations. Evidence for this conclusion is principally derived from the dated
sediment core data obtained during the Phase 2 investigation. These data show that dechlorination
of PCBs within the sediments of the Hudson River is theoretically limited to a net total mass loss
of 26 percent of the original PCB mass deposited in the sediment. This is because the dechlorination
mechanisms which occur within the sediment are limited in the way they can affect the PCB
molecule, thus limiting the effectiveness of the dechlorination process. In fact, although
theoretically limited to 26 percent , the actual estimated mass loss is much less, in the range of only
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10 percent based on the sediment core results (the mean mass loss for the high resolution sediment
core results was eight percent).

A second finding was obtained from the core data which supports this conclusion as well. In core
layers whose approximate vear of deposition could be established. no correlation was seen between
the degree of dechlorination and the age of the sediment. If dechlorination were to continue
indefinitely. such a correlation would be expected. with the oldest sediments showing the greatest
degree of dechlorination. Instead. a relationship was found between the degree of the dechlorination
and the PCB concentration in the sediment. such that the most concentrated samples had the greatest
degree of dechlorination. Also, sediments below 30.000 ug/kg (30 ppm) showed no predictable
degree of dechlorination, suggesting that the PCBs in sediments with less than 30 ppm are largely
left unatfected by the dechlorination process. These findings indicate that the dechlorination process
occurs relatively rapidly, within perhaps five to ten years of deposition but then effectively ceases.
leaving the remaining PCB inventory intact. These results also indicate that the dechlorination
process 1s gerferally limited to the areas of the Upper Hudson where concentrations are sufficient to
vield some level of dechlorination. For those areas characterized by concentrations less than 30
ppm. dechlorination is not expected to have any effect at all. Thus. dechlorination cannot be
expected to yield further substantive reductions of the Hudson River PCB inventory beyond the
roughly ten percent reduction already achieved.

An important related finding concerning the Upper Hudson sediments was obtained from the
geophysical survey completed during the Phase 2 investigation. This survey showed a general
correlation between areas of fine-grained sediment and the /ot spot areas previously defined by
NYSDEC. Since PCBs have a general affinity for fine-grained sediments, it can be assumed that
the fine-grained sediment areas mapped by the geophysical survey represent the same
PCB-contaminated zones mapped by NYSDEC. This indicates that the kot spot areas previously
mapped by NYSDEC are largely still intact and have not been completely redistributed by high river
flows.

Ancillary Conclusions

In addition to the conclusions described above there are several additional findings which have
important implications for the understanding of PCB transport in the Hudson River. These are
discussed briefly below. More extensive discussions of these conclusions can be found in the
summary discussions contained within each chapter.

® [Lrratic releases of apparently unaltered PCBs above Rogers Island, probably from the GE
Hudson Falls facility, dominated the load from the Upper Hudson River during the period
September 1991 to May 1993. The load at Rogers Island now represents about a third of the
total load at the Thompson Island Dam.

® The unaltered PCB load originating above Rogers Island is predominantly Aroclor 1242 with
approximately 4% Aroclor 1254 and 1% Aroclor 1260.
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P ® The annual net Thompson Island Pool load ranged from 0.36 to 0.82 kg/day over the period
April 1991 to October 1993. representing between 20 to 70% of the total load at the Thompson
Island Dam based on data obtained by GE. During the period of June 1993 to October 1993.
the net Thompson Island Pool load varied between 30 to 70% of the total load at the Thompson
- * Island Dam. '

® The Upper Hudson area above the Thompson Island Dam. /.e.. the Hudson Falls and Fort
Edward facilities. the Remnant Deposit area. and the Thompson Island Pool. has represented
the largest single source to the entire freshwater Hudson for the past 19 vears. representing
approximately 77 to 91% of the load at Albany in 1992 - 1993 based on water column
measurements.

® While the homologue pattern in the freshwater Hudson is dominated by the homologue pattern
from the Thompson Island Pool. minor changes in the PCB pattern downstream of the
Thompson Island Dam have been observed. The resulting water column patterns resemble those
seen in downstream sediments and associated porewater. However. it is unclear whether this
change 1s the result of subsequent downstream sediment-water exchange or in situ water column
processes (e.g.. aerobic degradation), given the temporal dependence. In particular. the
congener pattern seen at the Thompson [sland Dam is preserved throughout the Upper Hudson
during winter and spring but appears to undergo modification during summer conditions when
biological activity is high but energy for sediment-water exchange is low. Porewater exchange

o~ may be important under these conditions.

® Water-column PCB transport occurs largely in the dissolved phase, in the Upper Hudson,
representing 80% of the water-column PCB inventory during 10 to 11 months of the year.

® Dissolved-phase and suspended-matter PCB water-column concentrations at the Thompson
[sland Dam and downstream appear to be at equilibrium as defined by a two-phase model
dependent on temperature and the particulate organic carbon content.

® Evidence suggests that the Upper Hudson River PCB load can be seen as far downstream as
RM -1.9. The contribution is estimated to represent about half of the total PCB loading to the
New York/New Jersey Harbor.

® Two estimates were made of the PCB inventory sequestered in the sediments of the Thompson
Island Pool, based on the 1984 NYSDEC data. The first estimate, based on a technique called
polygonal declustering. yielded an estimate of 19.6 metric tons (the original NYSDEC estimate
was 23.2 by M. Brown et al.. 1988). The second, based on a geostatistical technique called
kriging, yielded an estimate of 14.5 metric tons.

® Ananalysis of the side-scan sonar 500 kHz signal and the 1984 NYSDEC sediment PCB survey
indicated that the acoustic signal could be used to predict the level of sediment PCB

S contamination. Acoustic data can be used to separate areas of assessed low PCB levels (mean
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concentration of 14.6 mgkg) from.areas of relatively high PCB contamination (mean
concentration of 48.4 mg/kg). Based on this correlation and corresponding changes in river
cross-sectional area. maps were created delineating the likely distribution of contaminated
sediments within the region of the river surveyed.

® The extent of dechlorination in the sediments was found to be proportional to the log of the total
PCB concentration and had no apparent time dependence. Sediments as old as 33 vears were
found where little or no dechlorination was present.

® Below a concentration of 30,000 pg/kg. dechlorination mass loss did not occur predictably and
was frequently 0%. Dechlorination mass loss of greater than 10% of the original total PCB
concentration was limited to sediments having greater than 30.000 ug/kg of total PCBs.

e Some sediments. particularly those in the freshwater Lower Hudson. show substantively higher
molecular weights and lower fractions of BZ#1. 4. 8. 10 and 19. These conditions may be the
result of aerobic degradation during transport from the Upper Hudson.

® Regardless of the sediment type or mechanism. the sediments of the Thompson Island Pool have
historically contributed to the water column PCB load and will continue to do so for the
foreseeable future. It is unlikely that the current loading levels will decline rapidly in light of
their relatively constant annual loading rates over the last three years.

In conclusion, the sediments of the Thompson Island Pool strongly impact the water column.
generating a significant water column load whose congener pattern can often be seen throughout the
Upper Hudson. The Phase 2 investigation has also found a number of sediment structures via the
geophysical investigation which closely resemble the not spor areas defined previously by NYSDEC.
These hot spot-related structures appear to be intact in spite of the time between the Phase 2 and
NYSDEC studies. Given the strong linkage between sediment and water. the iarge inventory of
PCBs in the Upper Hudson, and the apparent lack of significant reduction in PCB concentrations via
in situ degradation. it is unlikely that the water column PCB levels downstream of the Thompson
Island Dam will substantially decline beyond current levels until the active sediments are depleted
of their PCB inventory or remediated. The time for depletion appears to be on the scale of a decade
or more and will be investigated further through the planned computer simulations.
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1. INTRODUCTION

1.1 Purpose of Report

This volume is the third in a series of reports describing the results of the Phase 2
investigation of Hudson River sediment polychlorinated biphenyls (PCB) contamination. This
investigation is being conducted under the direction of the United States Environmental Protection
Agency (USEPA). This investigation is part of a three phase remedial investigation and feasibility
study (RI/FS) intended to reassess the 1984 No Action decision of the USEPA concerning sediments
contaminated with PCBs in the Upper Hudson River. For purposes of the Reassessment, the area
of the Upper Hudson River considered for remediation is defined as the river bed between the
Fenimore Bridge at Hudson Falls (just south of Glens Falls) and the Federal Dam at Troy. Plate 1-1

presents a map of the general site location and the Hudson River drainage basin.

In December 1990, USEPA issued a Scope of Work for reassessing the No Action decision
for the Hudson River PCB site. The scope of work identified three phases:

® Phase 1 - Interim Characterization and Evaluation
° Phase 2 - Further Site Characterization and Analysis
® Phase 3 - Feasibility Study

The Phase 1 Report (TAMS/Gradient, 1991) is Volume 1 of the Reassessment documentation and
was issued by USEPA in August 1991. It contains a compendium of background material,

discussion of findings and preliminary assessment of risks.

The Final Phase 2 Work Plan and Sampling Plan (TAMS/Gradient, 1992a) detailed the

following main data-collection tasks to be completed during Phase 2:

® High- and low-resolution sediment coring;
® Geophysical surveying and confirmatory sampling;
[ Water column sampling (including transects and flow-averaged composites); and
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° Ecological field program.

The Database Report (Volume 2A in the Phase 2 series of reports; TAMS/Gradient, 1995)
and accompanying CD-ROM database issued in February 1996 provides the validated data for the
Phase 2 investigation. This report is Volume 2C of the Reassessment documentation and is the third
of a series of six presenting results and findings of the Phase 2 characterization and analysis
activities. It presents results and findings of water column sampling, high-resolution sediment
coring, geophysical surveying and confirmatory sampling, geostatistical analysis of 1984 sediment

data and PCB fate and transport dynamics.
1.2 Report Format and Organization

The information gathered and the findings of this phase are presented here in a format that
is focused on answering questions critical to the Reassessment, rather than report results strictly
according to Work Plan tasks. In particular, results are presented in a way that facilitates input to
other aspects of the prbject. The remainder of this chapter summarizes the objectives of each of the
investigation programs reported on here. Chapter 2 presents the results of a literature review and
estimate of the current and recent PCB contribution to the Hudson River from sources other than
Upper Hudson River sediments. Chapter 3 provideé findings and conclusions with regard to the
current and historical water column transport of PCBs in the Upper Hudson. A discussion of the

inventory and fate of PCBs in sediments of the Upper Hudson is presenfed in Chapter 4.

In order to accommodate the amount of material covered, and to present the material most
usefully, this report is presented in three books. Book 1 contains the report text; Book 2 contains all

tables, figures, and plates for the Report; Book 3 contains the appendices.
1.3 Technical Approach of the Data Evaluation and Interpretation Report

The Phase 2 database contains a vast amount of information collected by many agencies in
order to describe the concentrations, fate, transport and impacts of PCBs within the Hudson River.

In the Data Evaluation and Interpretation Report, a subset of the database is examined so as to
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describe the geochemical fate and transport of PCBs in the Hudson. Specifically, this analysis
focuses on the results of the Phase 2 water column, high resolution sediment coring and geophysical
investigations supplemented with data collected by the USGS, NYSDEC and GE. This examination
is intended to describe the major geochemical features present within the data, i.e., the major sources
and sinks of PCBs in the river along with substantive in situ alterations. In order to keep the
interpretations focused, this examination is centered on addressing the main issues originally defined

for the Phase 2 investigation. Specifically, these issues are:

° What is the nature and size of the PCB load originating in the Thompson Island
Pool?

° What is the likely source of this load?

® What other sources of PCBs are important to the Hudson?

° What is the likely fate of PCBs within the Hudson?

L What are the basic mechanisms which govern FCB transport in the Hudson?

® What are the major factors affecting the long term recovery of the Hudson?

In addressing these issues this examination has attempted to interpret the data in the context
of conceptual models of PCB fate and transport, avoiding when possible the detailed analyses more
typical of numerical simulation. The numerically rigorous modeling analysis will be completed later
in Phase 2 as part of the Baseline Modeling Report. In taking this approach, this examination has
attempted to describe the major features of the data via graphical analysis whenever possible. The
interpretations presented here are primarily focused on the Phase 2 water column sampling period
(January-September 1993) with supplemental examinations of the period 1975 to 1995 via the use
of the high resolution core results and data from the USGS, NYSDEC and GE.

An important consideration in all of these interpretations was the attempt to describe the
major features of the data in the simplest means possible, effectively using a “broad brush” to “paint™
a well-supported, general description of PCB geochemistry in the Hudson. Thus, the report tends
to focus on large or macro scale features in the data set. Conceptual models are presented beginning
with the simplest processes. Additional mechanisms are added only when the simple conceptual

model cannot describe the data adequately. These models are intended to serve only as a guide to
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interpretation and not as a basis for quantitative extrapolation to future conditions, which is a
primary task of the numerical models. Inherent in the>approach applied here was the attempt to
avoid calling upon poorly defined processes which are difficult to constrain and instead to focus the

reader on those processes which govern the vast proportion of the PCBs in the Hudson.

The Phase 2 sampling program was designed with the intent of sampling the river in such
a manner so as to integrate the net effects of these natural processes and provide a “big picture” or
macro scale perspective of PCB fate and transport. For example, water column transects represent
time-of-travel surveys where a single water parcel is tracked through the Upper Hudson. In this
manner, the water parcel integrates all important PCB processes as it passes through the river and
provides a sample which is largely free of the day-to-day variability in any given source or
- mechanism. Day-to-day variations in point sources are minimized by this process since a water
parcel is isolated from the source once it passes by. In situ processes can only work internal to the
parcel, potentially yielding a gradually changing water column inventory as the parcel transits the
river. In both cases variability is minimized and each sampling station represents the integration of
upstream processes modifying the PCB inventory of the water parcel. Similarly, the sediment record
as obtained via high resolution sediment cores represents an integration of annual PCB transport.
The Phase 2 analysis of these cores focused on long term variations in PCB transport, évoiding the

more subtle and less reliable interpretation of minor variability within and among cores.

A second aspect of the approach taken in the Phase 2 Data Evaluation and Interpretation
Report is the focus on those specific congeners which are readily measured in water and sediment
due to their relatively high concentration (i.e., the major mass contributors). These congener results
minimize measurement uncertainties since nondetect issues are avoided. It is assumed that the
understanding obtained for these congeners can be directly applied to the lower level and trace level
congeners which may be important from ecological of human health perspectives. Factors and
fluxes developed for the congeners representing most of the PCB mass can be applied to the low and
trace level congeners utilizing standard physico-chemical parameters such as the partition
coefficient, molecular diffusivity and Henry’s law constant as well as the relationships (or ratios)

of the low level congeners to the high concentration congeners in the various media.
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The USEPA is aware that there may be some risk in oversimplifying PCB geochemistry by
this approach. However, the approach does serve to minimize uncertainties introduced by poorly
constrained or poorly understood processes when they are not needed to explain the major features
of the data. The Phase 2 investigation will rely on the more rigorous numerical models produced
in the baseline modeling effort to vindicate the conclusions drawn here. Conversely, by noting and
summarizing the important PCB fate and transport trends in a conceptual sense, this report identifies

those features which are most important for any model to reproduce.
1.4 Review of the Phase 2 Investigations
This subsection provides a review of the highlights and objectives of each of the various

Phase 2 investigations covered in this report. The ecological and low resolution coring programs are

not discussed here since they are not covered by this report.

1.4.1 Review of PCB Sources

As stated in USEPA's Responsiveness Summary to the Phase 1 Report (USEPA, 1992b), the

exact initial "ownership" of the PCBs now in the sediments of the Upper Hudson River is not of

direct relevance to a remedial decision. In other words, the PCB-contaminated sediments will be ~

considered for remediation regardless of their original ownership. Thus, a review of historical
discharge records and PCB sales/purchase records.was not deemed essential. However, the
Reassessment does require a general estimate of the current and recent PCB contribution from
sources other than Upper Hudson River sediments, including the GE Hudson Falls and Fort Edward
facilities and adjoining areas, remnant deposits, hazardous waste disposal sites, and dredge spoil
sites. The sources evaluated in the Lower Hudson River include tributaries, point-source discharges
from wastewater-treatment plants and combined-sewer overflows (CSOS), and non-point sources
such as runoff, landfill leachate, and atmospheric deposition. The major emphasis for the Lower
Hudson is to estimate the contribution from these external, non-sediment, sources to assist
subsequent assessment of the relative importance of either continued No Action or remediation of

Upper Hudson sediments to the future quality of the Lower Hudson.
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1.4.2 Water Column Transport Investigation

The evaluation presented in Chapter 3 of this report is primarily focused on the results of
investigations characterizing the sources, movement, and distribution of PCBs in the water column
and deposited in sediments. The analysis of these dynamics will ultimately include computer
modeling of the transport of suspended- and dissolved-phase PCBs to allow prediction of future
trends in support of risk assessment work and the effects of remediation scenarios. Objectives of

various field investigations relating to the water column investigation are presented below.
Water Column Transect Study

The major purpose of this study was to investigate instantaneous water column PCB levels,
transport, and sources. Sampling locations are listed in Table 1-1 and shown on Plate 1-2. Table 1-2
presents a list of the sampling events, dates, and river-environment conditions. Highlights of the

studv include:

® A series of seven sampling events occurring approximately monthly at 13 stations
in the Upper Hudson between River Mile (M) 200.5 (near Glens Falls) and RM
156.6 (near Waterford), and spanning the high-flow spring-runoff event;

® Monitoring at several stations in the Lower Hudson between RM 153.0 (at the Green
Island Bridge above Albany) and RM 77.0 (at Highland near Kingston) coinciding
with three Upper Hudson events;

. Timing of sampling at sequential stations to monitor the same parcel of water moving
downstream in the Upper Hudson; and

° Laboratory experiments to examine dissolved-phase/suspended-matter partitioning

of PCB congeners and establish equilibrium criteria.
Study objectives include examination or clarification of the following issues:

] Contribution of PCBs to the Upper Hudson from a major source(s) upstream of Fort

Edward;

MR O0E L&EE
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. Contribution of PCBs to the Upper Hudson from the Thompson Island Pool and
other areas downstream of Fort Edward, including the nature of the PCB mixture as
it enters the river (dissolved or suspended, resemblance to Aroclor mixtures, seasonal
variations);

o Factors governing PCB transport and water column concentrations, such as seasonal

or flow variations, gas exchange, aerobic degradation, particle adsorption;

L Distributions of dissolved/suspended phases of PCB congeners vis-a-vis equilibrium;
° Use of equilibrium-based assumptions to predict mean PCB transport; and
. Importance of disequilibrium in the Upper Hudson.

Flow-Averaged Sampling

The ultimate goal of this study was to provide a measure of mean total PCB transport in the
Upper Hudson from Bakers Falls to Waterford. It represents a perspective on river conditions
midway between the instantaneous conditions determined by the water column transect sampling
and the long-term average water column conditions determined by the high-resolution sediment
coring program. Sampling locations are listed in Table 1-2 and shown on Plate 1-2. Highlights of

the study include:

L Completion of a series of six 15-day sampling events over a period of six months at
four Upper Hudson stations coinciding with water column transect stations;

° Compositing of daily samples at each station over a 15-day period to smooth out
variations in flow (discharge), suspended-matter load, sediment scour, and
contaminant concentration in order to determine relatively long-term averages of
water column conditions; and

o Calculation of mean differences in PCB levels between sampling stations to represent
net changes in PCB load resulting from a PCB source, a PCB sink, or dilution in the

intervening river section.
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Study objectives include examination or clarification of the following issues:

. Contribution of PCBs to the Upper Hudson from the Thompson Island Pool and
other areas downstream of Fort Edward, including the nature of the PCB mixture as

it enters the river (dissolved or suspended, resemblance to Aroclor mixtures, seasonal

variations);

o Contribution of PCBs to the Upper Hudson from a major source(s) upstream of Fort
Edward;

L Temporal variations in the source of the PCBs in the Upper Hudson;

L Factors governing PCB transport and water column concentrations, such as seasonal

or flow variations, gas exchange, aerobic degradation, particle adsorption; and
. Importance of lighter congeners in the total PCB mixture, vis-g-vis dechlorination
and source "fingerprinting", as well as potential for volatilization, particularly at

dams and spillways.
High-Resolution Coring

This program was intended to address issues concerning historical PCB input, tfansport, and
dechlorination. The cores collected for this program are interpreted as records of long-term average
conditions of water-borne PCB transport. Additionally, the cores provide a means to examine when
and where various PCB releases to the Hudson have occurred. Sampling locations are listed in Table

1-3 and shown on Plate 1-3. Highlights of the study include:

° Collection of a total of 28 sediment cores from areas of relatively continuous
sedimentation of fine-grained material along the length of the Hudson River from
RM 202.7 (near Glens Falls) to RM -2.1 (in Upper New York Bay);

. Reoccupation of 12 historical sample collection sites which had previously produced
high quality cores With readily interpretable analytical results; and

° Selection of the remaining 16 locations on the basis of 55 preliminary cores subjected
to screening for radionuclide abundance to ascertain the capability of the sediment

to produce an interpretable profile.
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Study objectives relating to PCB transport dynamics include examination or clarification of

the following issues:

° Recent trends in PCB levels in sediments and, by implication, recent trends in mean
annual water column PCB levels;
L Nature and extent of current sources of PCBs to the Hudson; and

L Nature and extent of historical input of PCBs to the Hudson.

High-resolution coring data was also utilized for other objectives stated in the next section

of this Introduction.
1.4.3 Assessment of Sediment PCB Inventory and Fate

Based on sediment samples collected in 1977 and 1978, NYSDEC defined 40 aréas (termed
"hot spots'") with elevated PCB levels (Plate 1-4). Twenty of these Aot spots lie within the portion
of the Hudson River from Fort Edward to the Thompson Island Dam, i.e., the Thompson Island Pool
(although the continued existence of Hot Spots 1 through 4 is uncertain due to subsequent dredging
in the area for channel maintenance), seven are in the portion of the Hudson River between the
Thompson Island Dam and the dam at Fort Miller, eight are between the dam at Fort Miller and

Champlain Canal Lock 5, with the remaining five Aot spots farther down river in the general vicinity

of Champlain Canal Locks 2 through 4.

“More recent sediment and contaminant sampling was done in 1984 in the Thompson Island
Pool where M. Brown et al. (198 8)‘also identified regions where sediment PCB levels are elevated.
However, the boundaries of these areas do not precisely correspond to the kot spots identified earlier
by NYSDEC. These and earlier sediment samples demonstrated that the sedimentation and
contaminant distribution patterns can be quite complex, often varying significantly on a scale of less
than 125 ft. The distribution of PCB contamination in sediments of the Thompson Island Pool is
the result of a number of factors. PCB releases by the GE facilities are certainly the most obvious
factor. However, the removal of the dam at Fort Edward in 1973, followed by high river flows in

1974 and 1976, undoubtedly altered the sedimentation patterns and contaminant distribution in
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various areas of the pool. High-flow events also continue to occur (including possible
sediment-transporting events in 1979 and 1983), and thus the location and concept of kot spots as
defined by NYSDEC appear to be somewhat of an oversimplification of the PCB distribution
patterns. In addition, PCBs in the sediment may be affected by bioturbation and biogeochemical

transformations, such as dechlorination.

Chapter 4 of this report is devoted to an examination of the distribution and inventory of
PCBs within the sediments of the Upper Hudson, most particularly within the Thompson Island
Pool, as well as the fate of PCBs in the sediments over time. This chapter includes a re-analysis of
the results of historical sediment sampling as a benchmark of the PCB inventory and distribution in
the Thompson Island Pool, and incorporates results of the Phase 2 high-resolution sediment coring
to examine the long-term fate of PCBs in the sediments. Results of the low-resolution sediment
coring program, intended to measure changes in the inventory and distribution of PCBs over the last

ten to fifteen years will be discussed in a subsequent report.
Sediment Characterization by Acoustic Techniques

The primary goal of sediment characterization for this project was to provide detailed
knowledge of the nature of the bed of the Upper Hudson River through geophysical techniques,
specifically acoustic imaging, of the river bed supplemented by limited sediment sampling. Acoustic
imaging of the river bed through the use of side-scan sonar for river bottom character, high
frequency echo sounding for bathymetry, and low frequency acoustic subbottom profiling for river
bed structure, combined with limited discrete sediment sampling, provides inforfhation on river bed
character and river bed sediments at a resolution not obtainable from discrete sampling alone.
Integration of results of sonar, bathymetric, subbottom and sediment sampling studies provides new
insights into sediment distribution patterns and the processes responsible for that distribution. Also,
these data provide some insights into the patterns of PCB distribution within this region. For
example, it is important to know which river bottom structures are rock and which are sediment to
~ determine where erosion may occur during future flooding events. Knowledge of the present day
sedimentation patterns in the river will help to determine where sediments contaminated with PCBs
may have accumulated.
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Sediment characterization studies were conducted over a 14-mile section of the Upper
Hudson River between RM 197.4, immediately above Bakers Falls, and RM 183.3 at Lock 5,
immediately north of Schuylerville, as shown on Plate 1-5. This section of the river includes the

remnant deposits and 35 of the 40 PCB hot spots originally designated by NYSDEC.
Confirmatory Sampling Study

Side-scan sonar and subbottom profiling techniques remotely characterize the river bed based
on the interaction of sound pulses and the bottom. In order to more fully exploit these remotely
collected data to characterize the river bed, the team collected sediment samples from a number of
different regions of the river for use in "calibrating" the acoustic data. Sampling locations are shown

on Plate 1-5. Highlights of the Confirmatory Sampling program include:

o Collection of samples from 178 sites in the geophysical study areas (roughly half
coring sites and half grab sampling sites), both from cross-river transects and from
selected sonar targets;

° Collection of samples in areas of fine-grained sediments by co-located manual push
coring, one core sliced into three four-inch sections horizontally for grain-size and
chemical analysis, the second core used for X-radiographic analysis to determine
sediment structures;

L Collection of grab samples in areas of coarser-grained sediments where hand coring
was unsuccessful, with the entire sample retained for grain-size and chemical
analysis;

L Geotechnical and chemical (non-PCB) analysis of a total of 333 samples (219 core
slice samples and 114 grab samples, including duplicates); and

L Comparison of the grain-size results with the texture and density information
provided by the X-radiography in order to assist interpretation of geophysical

investigation results.
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Geostatistical Analysis of PCB Mass

The extensive NYSDEC 1984 sediment survey provides the best basis for estimating the
mass of PCBs present in the Thompson Island Pool at a given time. Establishing this baseline is
crucial to the evaluation of remedial options. Certainly, it is likely that the distribution of PCBs in
1984 differs in some respects from that present now. However, in order to detect such changes it
is necessary to provide a clear picture of what was present at the earlier date. Further, sampling for
the current Reassessment cannot match the scope of the 1984 effort. Using geostatistical analytical
techniques, some inferences on present conditions, including possible rates of loss, can be drawn by

comparing the 1984 results to the less extensive surveys of the Reassessment.

‘ The objective of this task was to reanalyze the 1984 data using a variety of sophisticated
geostatistical techniques (kriging) to provide the best estimate of total mass and spatial distribution

of concentrations. Highlights include:

° Complete review and reanalysis of 1984 data using NYSDEC's raw data files,
enabling an independent interpretation of the data;

L Analysis of total PCB mass employing polygonal declustering techniques (Thiessen
polygons), accounting for the effects of sample clustering but not spatial correlation,
and providing an estimate of mass independent of the uncertainties in estimating
spatial correlation structure;

® Subsequent estimation of the spatial correlation émploying more sophisticated
kriging methodologies to examine the effects of the spatial correlation structure on
the total mass estimate;

] Development and use of a co-kriging methodology (which allows use of the
categorical mass spectrometer screening data collected by NYSDEC to provide
additional information to the interpolation of concentrations) to map the 1984 PCB
concentrations in the near-surface sediments of the Thompson Island Pool; and

] Manipulation of spatial data in a geographical information system (GIS) for

integration with other components of the Reassessment.
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Study objectives of this evaluation are as follows:

® Estimation of the total mass of PCBs present in the Thompson Island Pool in 1984,
which is crucial to estimating rates of natural depletion of PCB stores and
determining potential impacts of scour events;

° Delineétion of the spatial distribution of PCBs in the Thompson Island Pool in 1984,
which provides a baseline for evaluation of changes in distribution since 1984;

[ Spatial integration of near-surface PCB concentrations for evaluation of sediment
pathways of exposure to fish and other biota; and

° Identification of spatial correlation structure of Thompson Island Pool sediment

PCBs, for evaluation of remedial options.
High-Resolution Sediment Coring Study
In addition to providing a record of long-term water-borne PCB transport, the cores provide

a means to examine the degree of dechlorination of PCBs occurring in the sediments. Highlights

of the program applicable to dechlorination include:

o

Identification of high concentrations of ortho-substituted congeners with lesser
numbers of chlorine atoms (e.g., BZ#1, BZ#4, BZ#8, BZ#IO; and BZ#19) relative
to the concentrations found in fresh Aroclor mixtures, generally considered to be
indicative of dechlorination products;

Comparison of dechlorination product concentrations to total PCB concentrations
yielding estimates of the extent of dechlorination; and

Evaluation of extent of dechlorination with sediment depth (estimated date of
deposition), total PCB mass, and location in the river (i.e., distance from Upper

Hudson sources).

Study objectives relating to PCB degradation/dechlorination include examination or

clarification of the following issues:
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° Rate of in situ degradation in the Upper and Lower Hudson sediments;
° Anticipated residence time for PCBs in the sediments; and

. Geochemical processes affecting levels of PCBs in the sediments.
1.4.4 Analytical Chemistry Program

A variety of chemical analyses were performed for the Phase 2 Reassessment program.
These analyses were performed on an internally consistent basis among all media sampled under
Phase 2 so as to provide a unified measurement scale among these media. These analyses include
PCB congeners analysis utilizing a method developed specifically for this program. Man}y other
parameters were determined as well, including laboratory measurements of grain size (particle size)
distribution (by both laser and sieve methods), total organic nitrogen, total nitrogen, total carbon,
total inorganic carbon, total organic carbon (by calculation and by direct measurement), dissolved
organic carbon, weight loss on ignition, specific radionuclides ("Be, ®Co, and '*’Cs), percent solids,
total suspended solids and chlorophyll-a, as well as field measurements including temperature,
dissolved oxygen, conductivity, and pH. The sampling and analytical program is described in detail
in the Phase 2A Sampling and Analysis Plan/Quality Assurance Project Plan (SAP/QAPP)
(TAMS/Gradient, 19§2c).

The PCB congener analytical methodology as well as the evolution of the list of 126 PCB
congeners which were reported for the Phase 2 Reassessment are discussed in greater detail in
Appendices A and B (Data Usability Reports for the High Resolution Coring and Water Column
Monitoring) to this report; the list of the 126 (out of a theoretically possible 209) congeners is
presented in Table 1-4. A discussion of the non-PCB analyses is presented in Appendix C (Data
Usability for Non-PCB and Physical Data) to this report. For both PCB and non-PCB data, detailed
descriptibns of the analytical methods are provided in the Phase 2A SAP/QAPP (TAMS/Gradient,
1992¢). However, as noted in the Data Usability Reports, the PCB Congener analytical
methodology was refined and modified slightly during the course of the Phase 2 Reassessment (see

Appendices A and B).
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2. PCB SOURCES TO THE UPPER AND LOWER HUDSON RIVER

2.1 Background

PCBs were p}incipally introduced into the Upper Hudson River by General Electric (GE)
as a consequence of capacitor manufacturing occurring at Hudson Falls and Fort Edward. PCBs
were manufactured domestically by Monsanto at their Sauget, Illinois plant (Versar, Inc., 1976).
Estimates of the total quantity of PCBs discharged from the two plants to the river from the 1940s
to 1977 range from 209,000 to 1,330,000 pounds (based on various references as described in
TAMS/Gradient, 1991). In addition to direct discharges from the two capacitor production
facilities, GE may have indirectly contributed additional PCBs to the watershed and ultimately to
the river as a result of their practice of disposing manufacturing wastes in nearby landfills and
possibly wastewater collection systems (sewers and municipal wastewater treatment plants). More
recently, additional residual discharge of contaminants continues to occur as a consequence of
migration of PCBs which are now known to exist in the overburden or bedrock at GE’s Hudson

Falls and Fort Edward facilities and adjoining areas.

Other sources of PCBs can also be envisioned to have existed within the Upper Hudson
River valley. These include electric utilities and manufacturers who may have purchased
equipment containing PCBs, paper mills (from paper production as well as from electrical
equipment), other industries, transportation sources, and electrical component scavengers. In
addition to these more-or-less direct inputs of PCBs, the Upper Hudson is also being affected by
redistribution of earlier discharges; landfilling of dredged material or contaminated soil is an
example of a modified PCB source derived from historical releases. Also, PCBs were historically
introduced throughout New York State by paper mills recycling carbonless copy paper (also
known as NCR paper) which contained Aroclor 1242. The total discharge of PCBs during 1977
and 1978 from all recycle mills in New York State was estimated at a maximum of 20 kg/year (45
Ib/year), with less than 2.3 kg/year (5 lIb/year) to the Hudson River from Bakers Falls to Troy
(NYSDEC, 1978). This is, however, an insignificant amount compared to GE's estimated 14
kg/day (30 lb/day) or 5,000 kg/year (11,000 Ib/year) discharges at Fort Edward and Hudson

Falls during the early 1970s (Tofflemire and Quinn, 1979). T o S NP R
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PCBs passing over the Federal Dam at Troy have historically been considered a significant
source of contaminant loading to the Lower Hudson River. However, since populations
throughout the Lower Hudson basin are considerably greater than in the vicinity of the Upper
Hudson, it is reasonable to hypothesize that substantial releases of PCBs unrelated to GE
operations at Hudson Falls and Fort Edward may have occurred to the downstream areas.
Particularly within the New York City region, discharges (primarily industrial) may have come
through uncontrolled combined sewer overflows (CSOs) and from waste disposal practices
(industrial, commercial, and residential sectors) which were not sensitive to the long-term problem
represented by PCBs. The Phase 1 Report (TAMS/Gradient, 1991) presented an analysis of
historical PCB loadings over the Federal Dam through 1989; more recent loading estimates to the

Lower Hudson from the Upper Hudson are presented in Chapter 3 of this report.
2.2 Upper Hudson River Sources

Plate 2-1 (NYSDEC, 1993a) identifies PCB-contaminated sites near the Upper Hudson
River, including riverbank sediments (remnant deposits), dredge spoil areas, industrial sites, dump

sites, and municipal landfills. A description of each site is presented below.
2.2.1 NYSDEC Registered Inactive Hazardous Waste Disposal Sites

The following sites, which were included in the tabulation of inactive disposal sites in the
Phase 1 Report (TAMS/Gradient, 1991), represent known or suspected current or recent sources
of PCBs to the Upper Hudson River. These sites are listed in the NYSDEC Registry of Inactive

Hazardous Waste Disposal Sites.
Niagara Mohawk Power Corporation - Queensbury

Niagara Mohawk Power Corporation's (NMPC) property on Corinth Road, Queensbury,
Warren County, adjacent to the Hudson River at approximately River Mile (RM) 210, upstream
of the Sherman Island dam, is listed in the Registry of Inactive Hazardous Waste Disposal Sites

in New York State (NYSDEC, 1993b) and represents a source of PCBs to the Hudson River.
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NYSDEC reported elevated concentrations of PCBs on the riverbank (37,737 ppm) and on the
river bottom (86.5 ppm). According to NMPC's Remedial Investigation (RI) of the site, PCBs
were believed to have been introduced to the site by a lessee's disposal of dielectric fluid from
capacitors or cooling oil from transformers (Engineering-Science, 1994). NYSDEC sampled soil
at the site in October 1988 after a citizen complaint resulting from PCB oil odor. PCB
concentrations in the soil samples collected in 1988, 1990, and 1991 ranged from less than 1 ppm
to 6,060 ppm. Soil was excavated at the site and disposed at the Model City, NY landfill by
NMPC as an interim remedial measure. An Order on Consent was signed by NMPC in January
1992 to perform an RI/FS on the site, including river sediments adjacent to the site. NMPC
released the RI Report to NYSDEC in May 1994.

NMPC performed a site survey; bathymetric survey; metal detector survey; soil,
groundwater, surface water and sediment sampling; aquatic biological survey; habitat assessment;
and air monitoring of volatile organic compounds (VOCs). In addition, an underwater
reconnaissance survey was performed by a diver with a video camera; no potential source was

found, e.g., capacitors, transformers, or drums (Engineering-Science, 1994).

Sediment, surface water, and fish samples were collected adjacent to the site in the
Sherman Island pool of the Hudson River near RM 210. Project background sediment and fish
samples were collected in the Sherman Island pool about 1.5 river miles upstream of the
Queensbury site (at approximately RM 212), in the Spier Falls pool above the Spier Falls dam (at
approximately RM 214), and in the Corinth pool above the International Paper Co. (IP) power
dam (at approximately RM 218). Soil and groundwater samples were collected on and adjacent
to the Queensbury site between Corinth Road and the Hudson River. Various species of fish were
collected and analyzed for PCBs, including cyprinids (minnows), smallmouth bass, yellow perch,
and pumpkinseed. Benthic organisms were collected and classified, but were not analyzed for
PCBs due to insufficient sample volume. A summary of results for all media, based upon the |
NMPC RI Report, is presented in Table 2-1. The significance of the contaminated sediments
adjacent to the Queensbury site is clearly evident in the NMPC Phase 1II fish tissue data, covering
the Hudson River from Corinth near RM 218 to the Queensbury site near RM 210. Mean fish

tissue concentrations for the four species at the four stations are shown in Figure 2-1.
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It is evident from Table 2-1 that the NMPC Queensbury site has contributed PCBs to the
Hudson River sediments and biota. However, based on the NMPC surface water, sediment, and
fish data, the contamination is concentrated near the site and does not extend downstream.
NYSDEC analyses of fish samples (1982 to 1986) downstream of the site and below the Sherman
Island dam, substantiates this conclusion (Engineering-Science, 1994). The TAMS/Gradient
Phase 2 water column data also substantiates this conclusion, with total PCB concentrations in
river water samples collected from January to September 1993 downstream of the Queensbury site
at Glens Falls (Station 0001 at RM 199.5) and Fenimore Bridge above Bakers Falls (Station 0002
at RM 197.6) ranging from less than 1 ng/L to about 4 ng/L. Also, because of the blockage, it
is unlikely that the contaminated fish in the pool behind the Sherman Island dam will migrate
downstream. More recent NYSDEC fish data from sampling in this area will be reviewed by

USEPA for the Ecological Risk Assessment Report phase of this project.

NMPC has been conducting feasibility studies for the Queensbury site, including
contaminated river sediments, and is also collecting additional fish samples for analysis (Moreau,
1994, pers. comm.). NYSDEC issued a Record of Decision for Operable Unit 1 (OU1) of the
NMPC Queensbury site in March 1995. Operable Unit 1 includes surface and subsurface soil as
well as near-shore sediments which will be exposed by lowering the river water level. Operable
Unit 2 (OU2) consists of contaminated sediments below the lowered water level. Remediation at
OU1 includes removing all surface soil in excess of 1 ppm total PCBs; removing all subsurface
soils in excess of 10 ppm; lowering the river water elevation approximately four feet in the
affected section; and excavating the exposed contaminated sediments for subsequent dewatering
and disposal (NYSDEC, 1995). Remediation at OUl was completed in the fall of 1996. A
Record of Decision for OU2 Wili be evaluated in five years. Fish monitoring and review of
remedial sediment technologies will be conducted on an annual basis over the next five years

(NYSDEC, September 27, 1996).
General Electric Company - Hudson Falls Plant and Vicinity

NYSDEC has characterized the 25 acres in the area at and near the GE Hudson Falls plant
near RM 197 as a major source of PCBs to the Hudson River (NYSDEC, 1993b). The general
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location of the Hudson Falls site is shown on-Plate 2-1 and a more detailed site plan and shoreline
profile are shown in Plate 2-2. A photographic image of the PCB source areas at and adjacent to
the Hudson Falls plant is shown in Figure 2-2. According to the Reassessment Phase 1 Report
(TAMS/Gradient, 1991) based on J. Brown et al. (1984), GE used PCBs for capacitor
manufacturing at Hudson Falls from 1952 to 1977. Reported uses consisted mainly of Aroclor

1254 (1952 to 1955), Aroclor 1242 (1955 to 1971), and Aroclor 1016 (1971 to 1977).

In the late 1980s, wastewater generated on site, potentially containing PCBs, including
ﬁrocess and sanitary wastewater as well as stormwater, was collected and stored on site prior to
transport to the treatment facility at the GE Fort Edward plant, resulting in the cessation of direct
discharges to the Hudson River from the Hudson Falls plant (Dunn, 1989). However, since that
time, contamination has been found in soil and groundwater on site and on adjacent properties,
and represents a historical and current source of PCBs to the Hudson River above the remnant

deposits.

An investigation conducted in 1989 found elevated concentrations of PCBs and volatile
organic compounds (VOCs) in soil and groundwater at the site, including approximately 600 cubic
yards of PCB-contaminated material near Buildings 1A/ tank Farm, 2, 3, 4, and the railroad
tracks (Dunn, 1989). Historical operations at these buildings, including Building 4A, included
storage, blending, and refining of dielectric fluids for the impregnation of capacitofs (Dunn,
1989). Contamination was also found in a bedrock air plenum below the Building 1 basement and
is a likely source of groundwater contamination. Groundwater flow through fractures, joints, and
bedding planes in bedrock, was determined to be in a northwest direction toward the Hudson
River (Dunn, 1989). Approximately 100 cubic yards of oily sludge were removed from the air

plenum by GE for off-site incineration in 1989 (NYSDEC, 1993c).

Currently, a RI/FS is being performed under an Order on Consent with NYSDEC at the

GE Hudson Falls site and is divided into three operable units, as defined below:

. Operable Unit 1 (OU1) includes contaminated soil areas below the former
manufacturing buildings, extending from Sumpter Street to the railroad tracks,
including the former railcar off-load area;
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. Operable Unit 2 (OU2) includes subsurface source areas below and adjacent to the
plant, but does not include the Hudson River; and

. Operable Unit 3 (OU3) includes areas along the eastern shore of the Hudson River
(see Figure 2-2), extending from Fenimore Bridge, upstream of the pumphouse and
the dam, downstream to the abandoned Bakers Falls hydroelectric facility on
property currently owned by Niagara Mohawk Power Corporation, including the
abandoned Allen Mills structure, the eastern raceway, and sediments/debris within
the raceways, tunnels, and river.

A Record of Decision was issued by NYSDEC for OU1 for excavation and off-site land disposal
of approximately 3,000 cubic yards of surficial soil containing more than 10 ppm PCBs, with
typical concentrations in the range of 500 ppm to 1,000 ppm and a maximum of 75,000 ppm

(NYSDEC, 1993c). Monitoring and remedial operations are in progress at OU2 and OU3.

Dunn completed an Interim Remedial Investigation for OU2, including field reconnaissance
surveys, fracture trace analyses, ground penetrating radar survey, pipe and conduit survey, and
subsurface investigations (groundwater, soils/bedding, bedrock, and pipe sediments and water).
Principal contaminants found in soil and groundwater include PCB Aroclor 1242, trichloroethene
(TCE), and 1,2-dichloroethene (DCE). PCB concentrations in the soil samples ranged from not
detected to 250,000 ppm. PCB concentrations in shallow and deep bedrock groundwater samples
ranged from less than 1 ug/L. (ppb) to approximately v1,950,000 pg/L (Dunn, 1994a).
Isoconcentration contour maps for December 1993 show elevated concentrations of PCBs in
bedrock, i.e., greater than 100,000 ug/L, in shallow bedrock near Buildings 1, 1A/Tank Farm,
and 2,\ and Sumpter Street, with orders-of-magnitude lower concentrations, i.e., 1 to 10 ug/L,
near the river in shallow bedrock. On the other hand, elevated concentration of PCBs in bedrock,
i.e., greater than 1,000,000 ug/L, in deep bedrock were found closer to the river near GE's
Buildings 7 and 7A and the abandoned Allen Mills. It should be noted that some of the reported
groundwater PCB concentrations are several orders-of-magnitude greater than literature data for
the solubility of PCBs in water; most reported Aroclor solubility values are in the 50 to 300 pg/L
range (Montgomery and Welkom, 1990).
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Potential contaminant pathways from the plant to the river were investigated, including
sanitary and storm sewer lines and bedding, potable water and fire water lines and bedding, tunnel
walls, building foundations, utility lines and bedding, and discharge piping and bedding. Interim
remedial measure (IRM) activities performed include: dewatering and pretreatment of wastewater
from the air plenum prior to transport to the GE Fort Edward treatment facility; excavation,
removal and disposal of pipes and contaminated bedding material, including the main PCB
discharge pipe (002) running from Building 1 to the river immediately upstream of Bakers Falls
dam; sediment sampling, video inspectidn, and cleaning of the Sumpter Street sanitary sewer
adjacent to the plant; and sediment removal and closure of the North and South Collection Basins

(Dunn, 1994a).

Elevated concentrations of PCBs, up to 44,000 ppm of Aroclor 1242, were found in
sediments in a manhole connected to the Sumpter Street municipal sewer (Dunn, 1994b). The
sewer, which is approximately 13 feet below the street surtace and runs thr(l)ugh contaminated
material found below and adjacent to the plant buildings, historically discharged to the Village of
Hudson Falls sewage treatment plant (see Plate 2-1), which in turn discharged to the Hudson
River just upstream of Fenimore Bridge, representing a potential historical pathway of PCBs to
the river upstream of Bakers Falls. It has been documented that the Village of Hudson Falls
treatment plant discharged approximately 1.1 kg PCBs/day (2.5 Ib/day) in 1975 which was shown
to be _attributablebto GE (Sofaer, 1976). In April 1994, the Sumpter Street sewer was bypassed
by installing a new above-ground sewer at street level adjacent to the GE plant. This aliowed
municipal wastewater to bypass the contaminated area, prior to discharging to the existing
Washington County Sewer District Pump Station near Bridge Street (Dunn, 1994c). Sampling
and remedial activities are ongoing at OU2, which remains a source of PCB contamination to QU3
and the Hudson River. This source is mainly in the form of groundwater flow in the bedrock
fractures, joints, or bedding planes, from the former capacitor manufacturing buildings to the

eastern raceway and river.

Remedial investigation work for OU3, including the eastern shore of the Hudson River and
areas owned by NMPC, has been performed by O'Brien & Gere Engineers, Inc., under contract

to GE. Conditions at OU3 have the most significant and direct impact on conditions within the
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river. Operable Units 1 and 2 are the likely sources of PCB contamination to OU3 and the
Hudson River. The eastern raceway shown in Plate 2-2 historically supplied Hudson River water
from Bakers Falls to industries in this area, including the now-abandoned Allen Mills plant and
Bakers Falls hydroelectric facility. Additional hydraulic structures were used for operations at
Allen Mills, including the tailrace tunnel, lower raceway, turbine bays, drop shafts, and central
tailrace, as identified in Plate 2-2 (O'Brien & Gere, 1994a). The failure of gates along the
western wall of the eastern raceway, sometime between 1990 and 1992, allowed flow to enter the
Allen Mills hydraulic structures causing a mobilization of PCB-contaminated sediments and debris

from the eastern raceway and tailrace tunnel (O'Brien & Gere, 1994a).

Hudson River water column sampling, conducted by GE as part of their ongoing Remnant
Deposit Monitoring Program, showed elevated concentrations of PCBs in the river during this
time period. These include a maximum value of 4,145 ng/L. (4.1 ug/L) of total PCBs on
September 18, 1991 at RM 194.3 (designated as RM 194.2 by GE due to differences in mapping
references), near Fort Edward at Rogers Island (GE, 1994a). Based on this value, the in-river
PCB load is estimated to be 33 kg/day (72 1b/day) at a flow of 3,230 cubic feet per second (cfs).
This can be considered a non-scour period with total suspended solids (TSS) in the water column
less than 5 mg/L.. On this same date, with 17 ng/L PCBs at GE's Fenimore Bridge sampling
location (RM 197.1, designated as RM 197.0 by GE), upstream of Bakers Falls and Hudson Falls
OU3, an estimate of the "background” in-river PCB load was 0.1 kg/day (0.3 1b/day), suggesting
that almost the entire load of PCBs was derived from the area from. Fenimore Bridge to Rogers
Island, which encompasses the GE Hudson Falls and Fort Edward source areas and remnant

deposits.

Samples were not collected at GE's "Canoe Carry" station (RM 196.8), immediately
downstream of OU3 on the western shore, during this period. Sampling at this station
‘commenced in March 1992. The highest in-river concentration of PCBs at RM 196.8, from
March 1992 through December 1993, was 721 ng/L on August 13, 1992 (GE, 1994a). At a flow
of 3,310 cfs, the estimated in-river load at Canoe Carry on this date was 6 kg/day (13 lb/day), due
almost entirely to the sources near Bakers Falls Elevated concentrations of PCBs were persistent

from June 1992 through October 1992, at both the Canoe Carry (maximum of 721 ng/L. on August
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13) and Rogers Island (maximum of 941 ng/L. on September 23) stations, suggesting that a major
portion of the in-river load at Rogers Island was derived from GE Hudson Falls OU3. Elevated
concentrations of PCBs in the water column persisted through mid-1993. Seepage at OU3 and
water column samples in the Hudson River down to Rogers Island showed predominantly Aroclor
1242 (O'Brien & Gere, 1994a). The intermittent nature of the source is represented in the highly

variable water column concentrations in the river during 1992 and 1993.

Possible source areas examined in the QU3 investigation include river sediments from
Fenimore Bridge near the former GE Hudson Falls Outfall 002 to the eastern raceway below
Bakers Falls dam; sediments/debris within the raceway and various Allen Mills hydraulic
conduits; contaminant flow through fractured bedrock; and migration of contaminated material
from historical pipe channels and conduits (O'Brien & Gere, 1994a). Dewatering of the eastern
raceway and reconstruction of the intake gate structure in April 1993 by Adirondack Hydro
Development Corporation (Adirondack Hydro) associated with rehabilitation of the Bakers Falls
dam, western raceway, and Moreau Hydroelectric facility on the opposite side of the river,
allowed for investigation and remedial activities in OU3. Elevated concentrations of PCBs,
volatile and semivolatile organic compounds, and metals were found in seepage, surface water,
and sediment in OU3. In addition, PCB-bearing oil-phase (non-aqueous phése liquid, free

product) samples were collected in groundwater and seepage in OU2 and OU3.

Sediments above Bakers Falls dam near the GE Hudson Falls pumphouse were found to
contain up to 22,000 ppm of PCBs. PCBs in the eastern raceway were detected at maximum
concentrations of 390.5 mg/L in seepage water, 942,000 mg/L. in seepage oil, and 33,400 ppm
in shale fragments. Based on homologue distributions, PCBs in seepage water throughout OU3
have not been subject to environmental degradation processes and were characterized as unaltered
Aroclor 1242 (O'Brien & Gere, 1994a). Sediments in the tailrace tunnel were found to contain
up to 73,000 ppm PCBs. In addition, a direct discharge of water to the river irom the tunnel
contained concentrations of total PCBs ranging from 49.5 ug/L to 410 ug/L. Assuming a PCB
concentration at the high end of this range (say 400 pg/L) and a flow of 20 cfs (the flow estimate

for the lower tunnel contained in O'Brien & Gere, 1994a) would produce an estimated 20 kg/day
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(43 1b/day) external loading of PCBs to the river, which is at approximately the same order-of-
magnitude as the 33 kg/day (72 Ib/day) in-river loading estimated from river water column data.

General Electric is also conducting a three-phase IRM at the Hudson Falls OU3 site,
including installation and operation of a temporary seepage collection system in the eastern
raceway; removal and disposal of sediments/debris in the eastern raceway from the intake wall
to the John Street CSO pipe, and from the tailrace tunnel; and design, installation, and operation
of a long-term seepage collection system within OU3 (O'Brien & Gere, 1994a). In addition, GE
found and removed seven capacitors from the river immediately upstream of Bakers Falls dam
(NYSDEC, 1993d). A reduction in PCB concentrations in the river in the second half of 1993
Was'evident following implementation of IRM tasks and the dewatering of the raceway. However,
PCB concentrations greater than those upstream of Fenimore Bridge still existed in the river
downstream of OU3, suggesting a remaining source in the Bakers Falls area. Additional
monitoring will be conducted by GE to further define remaining sources, prior to performing a

feasibility study for OU3.

Potential sources remaining to be investigated include seepage above and below the dam,
lower raceway sediments, and the eastern raceway south (downstream) of the John Street CSO
pipe under the abandoned Bakers Falls hydroelectric facility (O'Brien & Gere, 1994a) as well as
the bedding from the former GE outfall near the pumphouse or the CSO pipe at Bridge Street
upstream of Bakers Falls (NYSDEC, 1994a). In June 1994, the pool between the wing dam
(identified as "dam ruins" in Plate 2-2) and Bakers Falls dam was dewatered by NMPC by
installing flashboards on the eastern side of Bakers Falls dam. This facilitated additional
inspections and sampling by GE of seepage, including a visible oil product, from the western wall
of the eastern raceway. During this period, GE collected approximately 30 gallons of PCB oil

from seeps in the wing dam area and subsequently grouted the faults prior to rewatering.

In 1995, GE constructed a wastewater treatment plant at the Hudson Falls facility to
manage stormwater and remedial wastewater. Wastewater is no longer transported from the
Hudson Falls plant to the Fort Edward plant. Effluent from this new plant discharges to the

Hudson River upstream of the Bakers Falls dam. The plant, on-line since December 1995, is
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permitted to treat up to 250 gpm. Daily monitoring for the initial 28-day period indicated that
PCB levels were below the 65 ng/L detection limit. Effluent is now monitored every six days to

evaluate compliance.

In the summer of 1995, GE removed nearly 800 tons of PCB-contaminated sediments from
the lower raceway (Ports, 1996, pers. comm.). Additional recent work included construction of
an inclined borehole through rock in a brecciated zone, approximately 300 feet in length, from
the tailrace tunnel back up toward the plant. This allowed additional inspection and recovery of
PCB product. Additional inclined or horizontal boreholes, approximately 20 to 30 feet in length,
were installed to intercept and recover PCBs. Vertical wells were also installed to further define
the full extent of contamination. According to N YSDEC, bedrock contamination does not extend
beyond GE’s property to the north and the extent of contamination off-site to the south and east
has not been fully defined. Monitoring/recovery wells at the eastern property line of the Hudson
Falls site have yielded abundant amounts of product (about one drum per week) (Farrar, 1996a,
pers. comm.). Extensive PCB contamination from the plant to the river in a westefly direction
has reached the Hudson River. PCBs and VOCs were not detected in deep (below river level)
bedrock wells installed on the opposite side of the river (right, west bank) near Adirondack Hydro

property suggesting that contamination does not extend to that side of the river at those locations.

Adirondack Hydro obtained approval from the Federal Energy Regulatory Commission
(FERC) to bypass the Hudson River flows at Bakers Falls through their generating plant during
low-flow conditions in the summer 6f 1996. During that time, GE and NYSDEC inspected and
mapped the Falls to determine if there were any additional PCB seeps through the river bed and
to evaluate the effectiveness of the 1994 grouting program. During this investigation, new seeps .
were noticed along the river bottom and it was determined that the earlier grouting was no longer
effective. In a lower (plunge) pool which was not dewatered, a GE diver filmed additional seeps
of PCB product below the water level. A collection system installed by GE in this area has
recently recovered less than one liter of product per day beneath the water surface (Farrar, 1996b,
pers. comm.). Groundwater recovery wells in the area have captured approximately one liter of

product per hour. Additional bedrock and overburden groundwater recovery wells will be

installed by GE on-site in the near future to attempt a full-scale recovery of PCB product on GE
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property (Farrar, 1996b, pers. comm.). However, as noted earlier, contamination has migrated

off-site in an easterly direction and its extent has not been fully defined. USEPA will continue

to monitor progress at the GE Hudson Falls site as part of this Reassessment.

General Electric Company - Fort Edward Plant and Vicinity

The GE Fort Edward plant site, shown on Plate 2-1 near RM 196.5, is listed in the .

Registry of Inactive Hazardous Waste Disposal Sites as a 10-acre "open dump" which poses a
signjﬁéant threat to the public health or environment (NYSDEC, 1993b). GE used PCBs at Fort
Edward from 1946 to 1977, consisting mainly of Aroclor 1254 (1946 to 1955), Aroclor 1242
(1955 to 1971), and Aroclor 1016 (1971 to 1977) (TAMS/Gradient, 1991). Contaminants found
in soil and groundwater at the site include PCBs as well as VOCs, such as trichloroethene and
tetrachloroethene. GE has implemented a NYSDEC-approved Remedial Plan at the site, including
removal and disposal of contaminated soil and pumping and treatment of on-site and off-site

groundwater.

General Electric holds a New York State Pollutant Discharge Elimination System (SPDES)
permit to discharge treated wastewater (process, sanitary, stormwater, cooling water, and pumped
groundwater) to the Hudson River (NYSDEC, 1993¢). The treatment system at Fort Edward
includes activated sludge treatment, flow equalization, mixed-media filtration, groundwater air
strippers, and carbon adsorption units. The SPDES permit requires sampling at various locations
throughout the treatment system as well as at the outfall (Outfall 004) prior to discharging to the
Hudson River immediately upstream of Remnant Deposit 3 and adjacent to the southernmost
island of Remnant Deposit 1. Wastewater from GE's Hudson Falls plant, including wastewater
associated with the cleanup described above, and leachate and groundwater pumped from the
Moreau Landfill and partially treated by air strippers, was transported by tanker truck to the

treatment facility at Fort Edward.

The GE Fort Edward outfall pipe which was constructed in 1942 on the eastern (left) bank
of the river immediately upstream of Remnant Deposit 3 was later buried by river sediments and

weathered shale (Dames & Moore, 1994). The outfall was a 30-inch diameter corrugated metal
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pipe at the base of the steep cliff on the eastern shore above the current river level. The
wastewater flow from the buried outfallbwas seeping through contaminated sediments and flowing
down the riverbank prior to entering the Hudson River. NYSDEC, New York State Department
of Health (NYSDOH), and GE collected soil and water samples from areas adjacent to the outfall
in November 1993. Total PCBs in the soil near the outfall ranged from 148 ppm to 5,571 ppm,
containing predominantly Aroclor 1242 (Dames & Moore, 1994). A composite water sample
from the flow discharge contained 14 ug/L PCBs. On March 14, 1994, NYSDEC issued an

Order on Consent to GE to relocate the outfall pipe and to provide a more detailed investigation.

General Electric's Revised Investigative Work Plan and Interim Abatement Measure,
submitted by Dames & Moore in February 1994 and included in the consent order, contains the
abatement plan which calls for rerouting Outfall 004 from the existing manhole at the top of the
cliff approximately 100 feet in elevation above the current river level and piping the wastewater
directly to the river (subsurface discharge) approximately 20 to 30 feet downstream of the existing
outfall. The new temporary 6-inch diameter flexible PVC outfall pipe was constructed on pipe
skids down the face of the cliff, extending from the existing manhole to the river, thereby
preventing the water from coming into direct contact with contaminated soils/sediments or bedding
materials. The historical 30-inch diameter outfall pipe was cut and sealed at the top of the cliff
near the existing manhole and the pipe sections downgradient, including the elbow, were removed
by GE (Ports, 1994a, pers. comm.). Additional work to be performed by GE and its consultants
include a review of historical soils and groundwater data; review of historical and current sewer
lines and outfall locations to determine sources of PCBs found in the water and sediment near
Outfall 004; additional soil sampling including borings and test pits; water sampling including a

float survey; and a land topographic survey.

General Electric issued results of soil, sediment, and seep/water samples collected in
March and April 1994 to NYSDEC (GE, 1994b). Analysis of two riverbank sediment samples
collected approximately 150 feet and 300 feet downstream of Outfall 004, yielded results of less
than 1 ppm PCBs. Samples of seeps at these locations were found to contain less than 0.1 ug/L.
PCB concentrations in riverbank sediment and seep samples collected appro.ximately 100 feet

upstream of the outfall were 8.6 ppm and less than 0.05 ug/L, respectively. Samples collected
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along the line of the buried pipe showed elevated concentrations of PCBs, including 0.461 pug/L
in standing water in the manhole at the top of the cliff, and PCB concentrations in three seep
samples along the line of the pipe ranged from 5.9 to 19.8 ug/L. A sediment sample in this area
contained 427 ppm PCBs. Assuming a flow of approximately 200 gpm or 0.5 cfs as an estimate
for the seep discharge (Ports, 1994b, pers. comm.) and a concentration of 20 ug/L (approximate
high end of range), an estimate of the total PCB loading to the river from seepage is 0.02 kg/day
(0.05 Ib/day) or 9 kg/year (20 Ib/year). Although minor, this represents an additional source of
PCBs to the River above Rogers Island. The estimates above do not include potential PCB

loading resulting from streambank scour or erosion.

Results of soil and sediment samples collected in June 1994 in the outfall area, subsequent
to installation of the temporary outfall pipe in April, were reviewed. Forty samples were
collected at 19 locations on the cliff in an area adjacent to Outfall 004 extending approximately
300 feet upstream and downstream of the outfall at various elevations. PCB concentrations in
samples collected upstream ranged from less than 1 ppm to 4,060 ppm at various depths. PCBs
detected in samples collected downstream of the outfall ranged from 1,760 ppm at a depth of 3
feet near the outfall to 31,800 ppm at the surface approximately 50 feet downstream. A sample
collected approximately 300 feet downstream was found to contain 5,860 ppm of PCBs in surficial
soil/sediment up to a depth of 6 inches. PCB concentrations in samples collected along the line
of the buried pipe ranged from 139 ppm approximately 20 feet upslope of the outfall, to 44,800
ppm approximately four feet downslope of the former outfall (GE, 1994c).

“In view of the occurrence of elevated concentrations of PCBs in seep water adjacent to the
outfall, a brief review of GE's water quality monitoring associated with the SPDES requirements
was performed. Discharge limitations for various effluent parameters are included in the SPDES
permit for GE's Fort Edward facility, including a daily maximum limitation of 0.44 ug/L for total
PCBs (Aroclors 1016, 1242, 1221, and 1254 analyzed using USEPA Method 608) in treated
effluent prior to discharging to the river. It should be noted that the final SPDES sampling point
(identified as 004M) is at the top of the cliff in a sampling port inside the manhole, upgradient of

the contam’nated riverbank material, as described above. A record of the Discharge Monitoring
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Report (DMR) data for the facility from 1991 to April 1994 was obtained from NYSDEC's
Bureau of Water Compliance Programs (NYSDEC, 1994b).

In general, permit holders submit DMRs to the state on a monthly basis. Discharge
limitations in 1991 were on a mass basis and were 0.002 kg/day (0.0042 1b/day) for daily average
loadings and 0.01 kg/day (0.022 Ib/day) for daily maximum loadings. There were no reported
exceedances from January through November 1991. Since December 1991, at which time the
allowable daily maximum total PCB concentration was established as 0.44 ug/L, the data show
nine exceedances in 29 months (through April 1994). From December 1991 through April 1994,
the limitation was exceeded most recently in April 1994 (0.459 pg/L) and December 1993 (0.500
pg/L), with a maximum concentration of 1.068 ug/L in August 1992. It should be noted that the
outfall (004M) is sampled for analysis of PCBs weekly, i.e., once in seven days as a 24-hour
composite, and the maximum of these values (usually at leact f~ v per month) is reported in the
monthly DMR and not the individual weekly values. Figure 2-3 shows the outfall PCB data based
on the monthly maximum values. The mean of the 29 monthly maximums is 0.27 ug/L with a
mean monthly maximum flow of 250,000 gpd (174 gpm or 0.4 cfs). Thus, an estimate of the
mean PCB loading upgradient of the contaminated material for the 29-month period is about
2.6x10* kg/day (6 X10* 1b/day or about 2 1b/yr) with a monthly maximum of about 1.2 X 16®
kg/day (2.6 %107 Ib/day) in August 1992 (see Figure 2-3). As discussed earlier, an estimate of
the PCB loading from seeps along the face of the contaminated bank, downgradient of the SPDES

monitoring point, is about 0.02 kg/day.

In addition, elevated concentrations of PCBs were found in wastewater at GE's Hudson
Falls facility prior to construction of the on-site treatment plant at the Hudson Falls site. The
wastewater sampling point at Hudson Falls (004D) potentially included the IRM wastewater,
monitoring well water, air plenum sump discharge, and OU1 soil excavation dewatering fluids.
The 004D outfall water was transported to the GE Fort Edward treatment facility prior to
construction of the Hudson Falls treatment plant. PCB concentrations were reported in the DMR
for outfall 004D from October 1993 to April 1994, with monthly maximum concentrations ranging
from 0.3 pg/L in April 1994 to 550 ug/L and 770 ug/L in December and November 1993,

respectively, with a mean monthly maximum of approximately 200 ug/L for the seven months.
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The potential effect of elevated concentrations in wastewater at GE Hudson Falls ‘on the GE Fort
Edward treatment facility is evident in the elevated concentrations at the outfall at Fort Edward
in December 1993 and April 1994, suggesting a possible overload to the treatment system. No
discharge was reported from the outfall (004E) from the Moreau Landfill groundwater recovery

project from December 1993 to April 1994.

There has been no removal or excavation of contaminated soils or sediments in the vicinity
of the former outfall and along the cliff. GE recently constructed a temporary retaining wall
(flashboards) along the shoreline near the outfall (about 100 feet in length) and covered the
sediments to prevent additional erosion of contaminated material into the river. GE is conducting
a Feasibility Study for the contaminated soils and sediments near the outfall. A remedial
investigation is ongoing at the plant property. According to NYSDEC, there is currently no
significant groundwater migration of PCBs from the plant site to the river (Farrar, 1996, pers.

comm.).

Thus, it can be concluded that contamination from the GE Fort Edward site (via the
wastewater pipeline) and adjacent riverbank deposits near the historic and current outfalls
represent a recent source of PCBs to the Hudson River downstream of Hudson Falls and slightly
upstream of Remnant Deposits 2, 3, 4, and 5. The direct loading to the river is difficult to
quantify since the sampling required by the SPDES permit is upgradient of the contaminated
riverbank and the seeps represent a non-uniform distributed load. However, the magnitude of this
Fort Edward source (not including potential scour or erosion of the contaminated riverbank

soils/sediments) can be considered relatively minor compared to the GE Hudson Falls source.
Moreau Landfill

The Moreau Landfill in Saratoga County, shown on Plate 2-1, is also listed in NYSDEC's
registry of inactive hazardous waste disposal sites and was used for the disposal of municipal
wastes, paper mill sludges, and possibly capacitors (NYSDEC, 1993b). The sludge disposed on
site contains from 50 to 200 ppm PCBs. According to NYSDEC, contaminated groundwater and

leachate flow is in a northwest direction to the Hudson River, near RM 205. The site is classified
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by NYSDEC as not presenting a significant threat to the public health or environment and was not

evaluated further for potential impacts to the Hudson River.

Kingsbury and Fort Edward Municipal Landfills

Both the Kingsbury Landfill and the Fort Edward Municipal Landfill are situated along
the Glens Falls Feeder Canal in Washington County (see Plate 2-1). Both landfills are listed in
NYSDEC's registry of inactive hazardous waste sites resulting from historical disposal of nearly
3,000 tons of scrap capacitors containing PCB oil and both are classified as being a significant
threat to the public health or environment (NYSDEC, 1993b). Remedial actions are in progress
at both sites and GE, under a NYSDEC Order on Consent, is evaluating potential off-site
migration of contaminants from both sites. According to NYSDEC, elevated concentrations of
PCBs were found in sediments, groundwater and surface water off-site, including the Feeder

Canal and Cutter Pond.

As part of the Phase 2 water column transect sampling program, two water column
samples were collected from the Champlain Canal immediately upstream of Lock 7 in Fort
Edward near Route 4. Total PCB concentrations for samples collected in June 1993 (Transect 5)
and August 1993 (Transect 6) were 8.6 ng/L and 5.2 ng/L, respectively. The Feeder Canél,
shown on Plate 2-1, diverts approximately 100 cfs of water from the Hudson River upstream of
the Feeder Dam west of Glens Falls near RM 202 through Glens Falls and Hudson Falls to the
Champlain Canal Summit between Lock 8 and Lock 9, where approximately 75 cfs is diverted
north to Lake Champlain and 25 cfs is diverted south towards Lock 7 and the Hudson River
(Malcolm Pirnie, 1984). Thus, with a concentration of 8.6 ng/L (Transect 5) and an estimated
flow of 25 cfs, an estimate of the direct "tributary" loading from the landfills (represented by
concentrations in the canal) to the Hudson River at Lock 7 is 5.3 X 10* kg/day (1.2 X103 Ib/day)
or 0.2 kg/year (0.4 Ib/year). NYSDEC and NYSDOH are conducting additional investigations

of water, soil, and fish in the area between the two landfills and the Hudson River.
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Other Sites

The remaining "dump sites" shown on Plate 2-1, including South Glens Falls Dragstrip,
GE Moreau (formerly'Caputo Dump), West Glens Falls Containment Site, and Old Fort Edward
Landfill, have either been remediated or are currently under remediation and do not represent
potential loadings of PCBs to the Hudson River, or insufficient data currently exist to estimate

impacts to the Hudson River.

In addition, the Ciba-Geigy plant in Warren County, located between the Glens Falls
Feeder Canal and the Hudson River near RM 198, upstream of Bakers Falls and the GE Hudson
Falls site, is also listed in NYSDEC's registry of inactive hazardous waste disposal sites.
Contaminants found on-site and in the river adjacent to the site include mainly inorganic
compounds (metals) and VOCs. NYSDEC did not list PCBs as a chemical of concern at this site
and PCB analyses were not performed on Hudson River sediment samples collected for the Ciba-
Geigy RI (Villitis, 1994, pers. comm.). It is therefore not characterized as a PCB-contaminated

site and thus not included in Plate 2-1.
2.2.2 Remnant Deposits

To assess the recent impact of the remnant deposits on conditions in the river, GE's 1992
and 1993 Post-Construction Remnant Deposit Monitoring Program (PCRDMP) reports were
reviewed as well as more recent data. USEPA's 1984 Record of Decision called for in-place
containment of Remnant Deposits 2, 3, 4, and 5, including capping and bank stabilization. The
estimated annual scour of PCBs from the remnant deposits was approximately 3,900 kg/year
(8,600 1b/year) in 1977 (Malcolm Pirnie, 1978). Remnant Deposit 1, now three islands in the
river adjacent to and slightly upstream of the GE Fort Edward outfall near RM 196.5, was not
remediated. Because it was not part of the containment program, any remaining contaminated
sediment from Remmnant Deposit 1 will be considered for possible remediation in the Phase 3

Feasibility Study.

HEF 002 Lang
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As part of GE's baseline studies, four sediment samples collected in 1989 upstream of
Remnant Deposit 1 and downstream of Bakers Falls contained PCBs up to 3.54 ppm, comprised
of approximately 81 percent Aroclor 1242 and 19 percent Aroclor 1254. Total PCB
concentrations detected in samples collected at the southeast corner of the remnant island just
upstream of the powerline crossing ranged from less than 1 ppm to 99 ppm, comprised of
approximately 89 percent Aroclor 1242 and 11 percent Aroclor 1254 (Harza Engineering Co.,
1990). Two surficial soil samples were collected by NYSDEC in August 1992 at Remnant
Deposit 1. Total PCB concentrations in these samples were 1.6 ppm in a sample from a location
in the center of the southernmost island and 12 ppm in a sample on the downstream face of the
island (Ports, 1994c, pers. comm.). Thus, in 'addi_tion to the Hudson Falls source, contaminated
soils/sediments in the remains of Remnant Deposit 1 may continue to be a scourable source of

PCBs, via erosion, to the river upstream of the capped remnant deposits.

General Electric's sampling for the PCRDMP consisted of the collection of weekly water
column samples at three locations, consisting of Fenimore Bridge (Route 27) above Bakers Falls
near RM 197; Canoe Carry at RM 196.8 upstream of the remnant deposits and approximately 0.2
miles downstream of Bakers Falls dam; and Rogers Island Route 197 Bridge in Fort Edward near
RM 194.3. Float surveys were also performed below Bakers Falls to monitor a mass of water
as it traveled through the remnant deposits pool. Five locations were sampled in the center of the
channel from Bakers Falls to Rogers Island, including RM 196.8, 196.4, 195.8, 195.3, and 194.7.

PCB congener analyses (Method NEA-608) or PCB Aroclor analyses (EPA Method 8080) were
conducted on these samples, with a method detection limit of 11 ng/L on a whole water basis, i.e.,
the water samples were not field-filtered into dissolved and suspended matter (particulate)
fractions (O'Brien & Gere, 1993a). The Fenimore Bridge station was considered background with
PCB concentrations in 1992 generally less than 11 ng/L and a maximum value of 44 ng/L in July
1992. Geometric mean concentrations at Canoe Carry and Rogers Island from March 1992
through December 1992 were 54 ng/L and 113 ng/L, respectively (O'Brien & Gere, 1993a)k.
Thus, either the PCB source from GE Hudson Falls was insufficiently mixed across the width of
the river at the Canoe Carry sampling point, or a portion of the in-river load at Rogers Island was

derived from an area below RM 196.8 rather than the Bakers Falls area.
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According to GE, data from the 1992 PCRDMP showed that approximately 60 percent of
the PCB mass in the water column at Rogers Island was detected upstream of the remnant deposits
below Bakers Falls and the GE Hudson Falls sources. Elevated concentrations at Rogers Island
resulted from "secondary remobilization of PCBs from the Bakers Falls source” which were stored
in the remnant deposits pool with "contributions of PCBs from the remnant deposits being
insignificant" (O'Brien & Gere, 1993a). It was thus concluded that elevated concentrations of
PCBs in the remnant deposits pool were primarily a result of an "unidentified upstream source(s)
in the vicinity of Bakers Falls" (O'Brien & Gere, 1993a) as described previously. The homologue
and congener distributions of the in-river water column samples downstream of Bakers Falls to
Rogers Island analyzed by GE showed predominantly Aroclor 1242, while the Hudson Falls

“source was characterized as unaltered Aroclor 1242. It was also shown by GE that elevated
concentrations of PCBs did not correlate with high flow and high concentrations of total suspended
solids (TSS) in the water column, suggesting that fhe PCB load occurred during non-scouring
periods and was therefore not a result of scouring or erosion of the remnant deposits (O'Brien &

Gere, 1993a). The USEPA has not critically reviewed this conclusion at this time.

Mean total PCB concentrations at GE's Canoe Carry and Rogers Island sampling stations
for the 1993 PCRDMP were 19 ng/L (standard deviation of 39 ng/L) and 38 ng/L (standard
deviation of 169 ng/L), respectively, showing a reduction ‘of in—rivér PCB concentrations
compared to the 1992 PCRDMP, likely the result of remedial measures performed at Hudson Falls
OU3 (O'Brien & Geré, 1994b). At a mean river flow of 6,275 cfs during GE's sampling period,
these mean PCB concentrations translate into mean in-river loads of approximately 0.3 kg/day
(0.6 Ib/day) at Canoe Carry and 0.6 kg/day (1.3 Ib/day) at Rogers Island. According to GE, PCB
sources still persisted in the Bakers Falls area and were controlling water column concentrations
in the remnant deposits pool, which remains as an unaltered Aroclor 1242 (O'Brien & Gere,

1994b).

General Electric also submitted the 1995 results for the PCRDMP to USEPA (GE,
February 1996). Samples were collected every week or every other week for a total of 33
sampling events in 1995. Total PCB concentrations ranged from not detected (less than 11 ng/L)

to 381 ng/L (December 27, 1995) with a mean of about 32 ng/L. (non-detected values, less than
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11 ng/L, were taken as 5.5 ng/L) in samples from the Route 27 bridge above the Bakers Falls
dam; less than 11 ng/L to 273 ng/L (June 7) with a mean of 32.5 ng/L at the Canoe Carry station
below Bakers Falls; less than 11 ng/L to 362 ng/L (December 27) with a mean of 50 ng/L at the
Rogers Island station; and from 14 ng/L to 237 ng/L (June 7) with a mean of 88 ng/L at the
Thompson Island station. The summer 1995 data show an increase in PCB loading between the
Rogers Island and Thompson Island Dam stations. This will be discussed in more detail in

Chapter 3.
2.2.3 Dredge Spoil Sites

Several of New York State Department of Transportation's (NYSDOT) dredge spoil sites,
which were used for disposal of sediments generated from channel maintenance dredging
operations on the Hudson River/Champlain Canal, are included in NYSDEC's registry of inactive
hazardous waste disposal sites. These include Old Moreau Dredge Spoil Area, "New" Moreau
Dredge Spoil Disposal Site, and Special Area 13, in Saratoga County, and Buoy 212 in
Washington County. These four sites have been capped to prevent direct contact and inhalation
exposures, as well as minimizing the quantity of contaminated leachate that would be generated.
However, NYSDEC has stated that the sites discharge drainage water or groundwater to the
Hudson River and possibly contribute to the ongoing fish contamination problem (NYSDEC,
1993b).

NYSDEC conducted a study in 1978 of migration of PCBs from landfills and dredge spoil
sites i the Upper Hudson (Weston Environmental Consultants (Weston), 1978). Estimates were
made of potential PCB losses and migration, including losses via groundwater and surface erosion,
prior to closure of many of the sites. The study concluded that the potential PCB migration
through groundwater into the river at that time ranged from approximately 5% 10® to 2 kg/year
(107 to 4 Ib/year) for each site and that the total quantity of PCB migration potential through
groundwater was negligible in comparison to other channels of PCBs into the Hudson River

(Weston, 1978).
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NYSDEC and NYSDOT (now NY State Thruway Authority-Office of Canals) perform
monthly inspections and groundwater monitoring at these sites. Total PCB concentrations in
samples collected in May 1994 at six monitoring wells and drains at New Moreau ranged from
0.24 ug/L to 2.22 ug/L; PCBs were not detected (less than 0.1 ug/L) in five samples collected
at Special Area 13; and PCB concentrations in five samples collected at Buoy 212 ranged from
less than 0.1 pug/L to 0.14 ug/L. (Jermano, 1994). According to NYSDEC, the capped but unlined
dredge spoil areas "do not appear to contribute substantially to the river's contamination, but pose
risks to the public near these sites due to potential groundwater and air contamination” (Dergosits,

1994, pers. comm.).
2.2.4 Other Upper Hudson Sources

Tributaries to the Upper Hudson River are also potential sources of PCBs. Water column
samples were collected for PCB congener analyses as part of the Phase 2 water column transect
sampling program at major tributaries to the Upper Hudson River, including the Batten Kill,
Hoosic River, and Mohawk River, as well as the Champlain Canal above Lock 7. A discussion
of the results of these analyses is presented in Chapter 3. Other potential sources to the Upper
Hudson, such as runoff and atmospheric deposition, were not considered significant for this

Reassessment.
2.3 Lower Hudson River Sources

‘The Phase 1 Report (TAMS/Gradient, 1991) presented an analysis of PCB sources to the
Lower Hudson River, i.e., the tidal estuary from the Federal Dam (RM 153.9) to the Battery at
the southern tip of Manhattan (RM 0), and New York/New Jersey (NY/NJ) Harbor. The
discussion of sources to the Lower Hudson was intended to examine the recent Upper Hudson
contribution in the context of other downstream loadings so that the effects of any proposed
remediation of Upper Hudson River sediments can be assessed for the Lower Hudson. Sediments

in the Lower Hudson are not considered for remediation under this Reassessment.
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2.3.1 Review of Phase 1 Analysis

The tabulation of loading estimates presented in the Phase 1 Report (Table A.2-2 in
TAMS/Gradient, 1991) is reprinted herein as Table 2-2. The sources for these data are described
in detail in the Phase 1 Report. Ranges of loading estimates, rather than a specific number or
percentage, were provided due to the inherent uncertainties associated with the estimates, many
of which were based on models constrained by a small number of actual measurements made in
the 1970s and early 1980s. The ranges of loads provided in Table 2-2 are more representative
of conditions in the early 1980s rather than the early 1990s. An update of these loading estimates

is provided below.

'2.3.2 Sampling of Point Sources in New York/New Jersey (NY/NJ) Harbor

USEPA's Office of Wetlands, Oceans, and Watersheds (Region II) has sampléd and
analyzed for low level concentrations of PCB congeners in point sources to the NY/NJ Harbor,
including sewage treatment plant (STP) influent and effluent, and tributaries. The objective of
the investigation was to use updated analytical methods to properly evaluate and quantify recent
PCB loadings to the estuary, which has among the highest concentrations of PCBs in sediments
along the coastal U.S. (Battelle Ocean Sciences, [Battelle], 1992). Surface water samples were
collected at four locations throughout the Harbor (icentified as "tributaries”), including Hudson
River, Passaic River, Hackensack River, and Raritan River. Wastewater samples were collected
at five Publicly Owned Sewage Treatment Works (POTWs), including North River, Wards Island,
Newtown Creek, Owls Head, and Passaic Valley. Approximate sampling locations are shown on
Plate 2-3. For this point source study, concentrations were reported for a total of 50 congeners
representing all ten homologue groups; the TAMS/Gradient Phase 2 study | reported 126
congeners. Both studies used high-performance capillary gas chromatography/electron capture
detection (GC/ECD) techniques. Approximate detection limits for total PCBs were S to 20 ng/L
for influent samples, 2 to 10 ng/L for effluent samples, and 1 to 5 ng/L for river water samples

(Battelle, 1993). It should be noted that the USEPA point source study reported concentrations

~only. The loading estimates, i.e., kg or Ib PCBs/day, presented below were calculated from the

concentration data from the point source study with flow estimates from other studies.
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Combined Sewer Overflows (CSOs)

Wastewater influent streams to four major wastewater treatment plants in New York City
and New Jersey were sampled during storm events in December 1992 and January 1993 to
represent CSOs. A composite influent sample was collected at each plant during POTW bypasses
over a rainfall period of 100 to 225 minutes (Battelle, 1993). Figures 2-4 and 2-5 show the results
of the four influent samples and one duplicate on a congener basis and homologue basis,
respectively. Results for each sample, including total PCB values and Aroclor designations, as
determined by Battelle, are included in Table 2-3. It should be noted that these samples are not
representative of normal dry weather influent to a treatment plant, but rather represent wet

weather CSO conditions.

As shown in Table 2-3, results for the influent samples range from 55 to 400 ng/L total
PCBs, with a mean concentration of approximately 200 ng/L (0.2 ug/L). This is in relative
agreement with the value of 150 ng/L used in the Thomann et al. (1991) model for urban runoff.
According to a recent study conducted for USEPA, approximately 355 cfs of the total freshwater
flow input to the Lower Hudson and Harbor of 27,500 cfs is from CSOs (Hydroqual, Inc., 1991).
Thus, assuming a mean concentration of 200 ng/L total PCBs for a typical CSO and an average
annual flow of 355 cfs, an estimate of the entire CSO load to the estuary is 0.2 kg/day (0.4
Ib/day), ranging from 0.05 kg/day (0.1 Ib/day) at 55 ng/L to 0.4 kg/day (0.8 1b/day) at 400 ng/L.
This is consistent with the 1993 projected CSO load of 0.3 kg/day (0.6 1b/day) from the Thomann

et al. model (see Subsection 3.5.1).

Pursuant to Section 308 of the Clean Water Act, USEPA Region II has recently required
additional data on PCB concentrations in CSOs from municipalities in New York City and New
Jersey discharging to the Hudson River and Harbor, including NY City Department of
Environmental Protection (NYCDEP) and numerous public sewerage authorities in New Jersey.
USEPA’s Water Management Division summarized results of these investigations (Chen, 1995a and
1995b). According to USEPA, an estimate of the 1995 PCB loading in CSOs from NYC is 0.11
kg/day (0.24 lb/day) (Chen, 1995a) and from New Jersey is 0.03 kg/day (0.07 1b/day) (Chen, 1995b).
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-~ Thus, an estimate of the total PCB load from CSOs would be 0.14 kg/day (0.31 Ib/day) which is in

~ general agreement with load calculated above for 1993 (0.2 kg/day or 0.4 1b/day).
w
Sewage Effluent

Wastewater effluent streams from five major treatment plants were sampled in November
. 1992. A 24-hour composite was collected at each treatment plant during dry weather,
) representative of normal flow conditions (Battelle, 1993). With the exception of the Passaic
Valley effluent sample which was collected post-chlorination, the effluent samples were collected
prior to chlorination. Figures 2-6 and 2-7 show the results of the five samples and one duplicate
analysis on a congener basis and homologue basis, respectively. Total PCB values and Aroclor
designations are included in Table 2-3. It should be noted that influent and effluent samples were

collected on different dates under different flow conditions.

As shown in Table 2-3, the effluent sample results range from 10 ng/L to 100 ng/L total
T PCBs, with a mean concentration of approximately 40 ng/L (0.04 pg/L). The Thomann et al.
model estimate of treated sewage PCB concentration (100 ng/L) is in general agreement with the
USEPA data, but at the high end of the range. It is interesting to note that the data show an
approximately 70 percent to 90 percent reduction in total PCB concentration from the treatment
operations. This is likely a result of volatilization of the less-chlorinated congeners during
aeration operations and partitioning of the more-chlorinated congeners during settling operations.
Using 1992 plant flow data presented by the Interstate Sanitation Commission (ISC, 1993) and
N USEPA's concentration data, estimated loadings from the five plants, as well as an estimate of
the entire PCB load to the Lower Hudson and Harbor from all sewage treatment plants, are shown
in Table 2-4. The total average flow from the five plants which were sampled (1,145 MGD)
represents slightly less than half of the total sewage flow to the Lower Hudson River and Harbor
(2,500 MGD). As shown in Table 2-4, an estimate of the PCB loading from sewage effluent to
— the Lower Hudson and Harbor, based on USEPA's analysis of PCBs in wastewater with the
reported flow data, is 0.4 kg/day (0.9 1b/day). This should be considered an order-of-magnitude

— estimate only, since it is primarily based on only five concentration values. As a comparison, as
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shown in Subsection 3.5.1, the Thomann et al. model-predicted load from sewage in 1993 is 0.6

kg/day (1.3 lb/day).

For the New York City Department of Environmental Protection (NYCDEP), Battelle
'analyzed influent and effluent samples collected from fourteen NY City sewage treatment plants
during two dry weather events in 1994 (Battelle, 1994). Since the influent was sampled during
dry weather events, the influent concentrations can not be used as estimates of CSO

concentrations. Battelle reported concentrations as the sum of 20 target PCB congeners as well

. as the sum of 71 congeners. Effluent total PCB concentrations ranged from less than 20 to about

70 ng/L, with an average of about 30 ng/L. Utilizing the reported sum of 71 congeners for each
vplant, which represents about 90 to 95 percent of the total PCB concentration (Battelle, 1994), and
1994 plant flow data from the ISC, an estimate of the total PCB load from the fourteen city plants
is 0.2 kg/day (0.5 1b/day), with the largest contribution (about 0.17 Ib/day) from the Newtown
Creek plant (an estimated load of 0.11 Ib/day from this plant was calculated with the 1992
USEPA data; see Table 2-4). The total average flow from these fourteen plants is about 1,700
MGD, or 68 percent of the total sewage flow to the Harbor. As shown in Table 2-4, an estimate
of the PCB loading from sewage effluent to the Lower Hudson and Harbor, based solely on
USEPA's 1992 analysis of PCBs in wastewater from four NY City plants and one New Jersey
plant (Passaic Valley), is 0.4 kg/day (0.9 lb/day). A significant portion (0.23 lb/day) of the
estimated load (0.9 1b/day) based on data collected for USEPA (Table 2-4) was derived from the
Passaic Valley plant in New Jersey which discharges wastewater to the Upper Bay (see Plate 2-3).
Thus, the loading estimate based on 1994 effluent data from the fourteen NY City plants (about
0.5 Ib/day) is less than the total loading estimate to the Harbor (about 0.9 Ib/day) based on the
data collected by USEPA in 1992.

Pursuant to Section 308 of the Clean Watef Act, USEPA Region II has recently required
additional data on PCB concentrations in sewage treatment plant effluent from municipalities in New
York City and New Jersey discharging to the Hudson River and Harbor, including NYCDEP and
numerous public sewerage authorities in New Jersey. USEPA’s Water Management Division
summarized results of these investigations (Chen, 1995a and 1995b). According to USEPA, an
estimate of the 1995 PCB loading in sewage effluent from NYC is 0.14 kg/day (0.31 Ib/day) (Chen,
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1995a) and from New Jersey is 0.07 kg/day (0.15 Ib/day) (Chen, 1995b). Thus, an estimate of the
1995 total PCB load from sewage effluent would be 0.21 kg/day (0.46 Ib/day) which is less than the
loading estimate (0.4 kg/day or 0.9 lb/day) based on the data collected by USEPA in 1992 as
presented in Table 2-4. |

Tributaries

Surface water (estuary) samples were collected in November 1992 at four locations in the
Harbor as shown on Plate 2-3, including the Hudson River just upstream of the Harlem River near
the Bronx/Westchester border, and near the mouths of the Passaic River, Hackensack River, and

Raritan River, in New Jersey. Single grabs at a depth of approximately three feet were collected

at all of the stations, except for the Hudson River sample which was a composite of four grabs

at two depths at two locations across the river (Battelle *'©°*" Figures 2-8 and 2-9 show the
results for the four estuary water samples and one duplicate analysis on a congener and homologue
basis, respectively. Total PCB values and Aroclor designations are included in Table 2-3. As
expected, estuary water concentrations were lower than those in either CSOs (influent to sewage
treatment plants during wet weather) or treated effluent, ranging from 13 ng/L to 26 ng/L. with

a mean concentration for the four water samples of 23 ng/L.

It should be noted that all values and hoinologue distributions are in close agreement as
a result of the well-mixed nature of the tidal Harbor and the geographical proximity of the
sampling locations, especially the Hackensack River and Passaic River samples, as shown in Plate
2-3. The river samples do not represent "tributary inflow" to the Harbor since the sampling
points are located within the tidal estuary and exhibit significant salinities. The concentrations,
therefore, cannot be ascribed to the freshwater flow of the referenced tributary. It is thus
inappropriate to estimate tributary loadings from the point source study concentration data, and
an indirect estimate of the tributary loading to the Lower Hudson and Harbor, based on Phase 2

water column data analyses, is presented in Chapter 3.

A recent study by NYSDEC’s Bureau of Monitoring and Assessment (Litten, 1995) revealed

that the highest concentrations of PCBs in N'Y/NJ Harbor are in Newtown Creek and Gowanus Canal
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in Brooklyn (Kings County) and in the Arthur Kill and select tributaries in Staten Island. Water
sampling was conducted with a semi-quantitative sampling procedure using passive in-situ chemical
extraction samplers (PISCES). PISCES is considered a semi-quantitative tool in that it does not
sample particulate-bound analytes and is affected by water turbulence (Litten, 1995). Elevated
aqueous concentrations were detected in tributaries to the Harbor or tidal basins/inlets from 1991 to
1993, including Gowanus Canal in Brooklyn (PISCES-derived total PCB concentration of 533
ng/L), and tributaries of the Arthur Kill in Staten Island, including Sawmill/Pralls Creek (3,642
ng/L), Merrills Creek (457 ng/L), and Mill Creek (705 ng/L) (Litten, 1995). Typical PISCES surface
water concentrations in tributaries/tidal basins throughout the Harbor range from less than 10 ng/L
to about 60 ng/L.. As stated above, the mean concentration for four water samples collected by
USEPA in 1992 in the Harbor is 23 ng/L. It is clear from NYSDEC’s PISCES data that certain
limited areas of the Harbor within New York City are significantly impacted by local sourc'es of

PCB:s.
2.3.3 Other Downstream External Sources

Additional PCB sources, not directly measured by USEPA, include stormwater,
atmospheric deposition, and leachate. Stormwater, i.e., runoff in areas without CSOs, can also
be a significant source of PCBs. An estimate of the average annual stormwater flow to the Lower
Hudson and Harbor is approximately 1,000 cfs (Hydroqual, Inc., 1991). Assuming an average
concentration of PCBs in stormwater of 100 ng/L, based on Thomann's estimated concentrations
of 150 ng/L in urban runoff and 50 ng/L in rural runoff (Thomann et al., 1991), an estimate of
the total PCB load from stormwater would be 0.25 kg/day (0.5 Ib/day). Using the average CSO
(mixture of sanitary wastewater and stormwater) concentration of approximately 200 ng/L from
USEPA data (see Subsection 2.3.2 above), another estimate of the stormwater load would be
about 0.5 kg/day (1 lb/day). This represents an upper-bound estimate, assuming sewage
(municipal and industrial wastewater discharged to sewers) is more contaminated with PCBs than

stormwater.
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Since no new data have become available on PCBs in leachate and atmospheric sources,
the Thomann et a/. model predicted loads (see Section 3.5) of 0.01 kg/day (0.03 lb/day) for

leachate and 0.07 kg/day (0.16 Ib/day) for atmospheric deposition will be used as best estimates.

An integrated estimate of the gross 1993 PCB loadings to the Lower Hudson River and
Harbor, including the loading from the Upper Hudson River, is presented further in Chapter 3

of this report, following the discussion of the Phase 2 water column data analyses.
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3. WATER COLUMN PCB FATE AND TRANSPORT IN THE HUDSON RIVER

One of the main goals of the Phase 2 investigation is to improve the understanding of PCB
fate and transport within the water column of the Hudson River. To this end, the Phase 2
investigation included instantaneous and long-term water column monitoring as well as an
examination of historical water column transport as recorded by dated sediment cores. This section
of the report discusses water column fate and transport processes as well as the results of the Phase 2

water column investigation.

Inherent in the interpretation of the Phase 2 data, and for that matter almost any dataset, is
an underlying set of assumptions concerning the environment in which the samples were collected.
These assumptions form the basis for the construction of conceptual models which then provide a
framework for interpretation of the data. In this chapter, several conceptual models have been
applied in the analysis of the Phase 2 data. These models are described in the various sections where
they are applied. These models follow the general technical approach outlined in Section 1.3 in that

they attempt to explain the data with a minimum number of terms and factors.

Since the Phase 2 investigation began, several events occurred which affected the PCB
loadings to the river, specifically those originating from the area of the GE Hudson Falls facility.
As described in Section 2.2.1, the leakage of PCB-bearing oils and the failure of structures within
the Allen Mills facility produced several large releases over the period September 1991 to June 1993.
Since January of 1993, GE under the direction of NYSDEC has implemented a series of control
remedies which appear to have greatly reduced the PCB releases from the area. The Phase 2 water
sampling program covers the period January to September 1993 élnd thus represents conditions
before and after the implementation. Because the Phase 2 program was designed to study
geochemistry in detail and not to simply monitor loads, the program was able to take advantage of
the circumstances of 1993. The wide range of water column PCB concentrations found in 1993
provided data on the behavior of water-borne PCBs over a broad range of conditions. Thus, the
interpretations presented in this chapter can be expected to apply to future river conditions regardless

of the success of GE’s remedial activities at Hudson Falls. —
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This chapter is organized into five main sections plus a summary. Section 3.1 examines the
estimation of congener-specific sediment-to-water partition coefficients based on Phase 2 data using
two- and three-phase models of PCB water column chemistry. The information in this section
provides the basis for interpreting the relationship between dissolved and suspended matter-borne
PCBs at each river monitoring location. PCB porewater and sediment data collected by GE are also
examined in this section. The results show that a linear equilibrium model of PCB partitioning,
based on congener, temperature, and suspended-matter organic carbon content, provides a good

representation of the phase distribution of PCBs in the water column.

Section 3.2 discusses the results of the Phase 2 water column monitoring program and
presents estimates of water column fluxes for the period January to September 1993. Based on both
instantaneous and 15-day mean measurements, the TI Pool sediment source was shown to be the
dominant PCB source to the water column in 8 out of 9 months of monitoring. This source released

orinated PCB congeners which were predominan ly found in the dissolved phase in the water
column. These congeners are typical of dechlorinated sediments found in the Pool. strongly
implicating the sediments of the pool as the source. Loadings from the area of the GE Hudson Falls
facility were also detected and are easily distinguished from the TI Pool sediment source. The
investig‘ation below the Pool concluded that the River acts largely as a conduit to Troy with

relatively little downstream change in the total PCB loading originating above the TI Dam.

Section 3.3 presents information on long-term water column transport using dated sediment
cores collected during Phase 2, as well as GE and USGS water column monitoring data. The first
three subsections describe the sediment core dating process, establish the link between suspended
matter and dated sediment cores, and discuss the results of the dated sediment core interpretation.
Based on this interpretation, the dated sediment cores demonstrate the importance of the Hudson
Falls-TT Pool loadings over the period 1975 to 1992. The cores show a consistent pattern over time
of PCB release from the Hudson Falls-TI Pool area with subsequent transport and dilution
downstream, i.e., sediments from the same time horizon steadily decrease in total concentration
while maintaining the congener patterns seen in upstream coring locations. Closer examination of
these loads as integrated by the sediment cores showed the presence of Aroclors 1242, 1254 and

1260 in the current discharges and suggested that the Hudson Falls-TI Pool load has represented at
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least 80 percent of the total water load at Albany and about 50 percent of the total load to the Harbor

over the period 1982 to 1992.

Section 3.3 also contains discussions of GE and USGS water column monitoring data. These
data provide a coarser, longer-term examination of water column conditions as compared to the
Phase 2 water column data. In general. the GE and USGS daté support the findings based on Phase 2
data. In particular, the GE data show the importance of the TI Pool sediment source for the period
1991 to 1995. The GE data also document the characteristics and size of the recent large releases

from the GE Hudson Falls facility.

Section 3.4 compares and integrates the results from the Phase 2, GE and USGS discussions

in Sections 3.2 and 3.3, while Section 3.5 presents a quantification and integration of PCB loadings

to the Lower River and the NY/NJ Harbor. Section 3.6 is a succinct list of conclusions for this

chapter.
3.1 PCB Equilibrium Partitioning

The fate and transport of PCBs and other hydrophobic chemicals in natural waters is largely
controlled by their sorptive behavior in which particle-reactivé sorbates, e.g., PCBs, become attached
or sorbed to particulate matter (the sorbent). At dilute concentrations, a linear relationship between
particle-sorbed and dissolved concentrations is observed at equilibrium for reversible sorption.
Sorption to particulates is believed to occur primarily to the organic matter fraction. However,
sorption to dissolved organic matter may also play an important role. Models of equilibrium
partitioning are generally presented as two-phase or three-phase models. In a two-phase system, the
sorbate is considered to be either in the particulate or water fraction, where the latter fraction is
operationally defined as the portion passing through a filter, but may include both truly dissolved
sorbate and sorbate bound to dissolved or non-filterable organic matter. Three-phase models treat
the fraction sorbed on dissolved organic matter as a separate phase. A three-phase representation has
theoretical advantages for understanding movement and bioavailability of PCBs, but presents
practical difficulties for implementation due to the difficulty of analytically separating truly

dissolved sorbate from sorbate bound to dissolved organic matter.

J
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An important result of the partitioning analysis is that it provides an indication of the validity -
of equilibrium-partitioning assumptions. The proposed fate and transport modeling framework
assumes that the distribution of PCB congeners in the Hudson River can be adequately described
under assumptions of relatively fast equilibrium partitioning, implying that the relationship between
the dissolved and sorbed fractions is given by a fixed partition coefficient and does not depend on
time. These assumptions can be tested by using the equilibrium partition coefficients to predict
concentrations in one phase in the water column from observations in the other phase. While
individual observations may represent non-equilibrium conditions, data are not adequate to describe
time-dependent adsorption kinetics in the water column, and it is proposed that equilibrium
assumptions are adequate to represent fate and transport of PCBs in the Hudson. When particulate-
phase concentrations are predicted from dissolved concentrations in the Upper Hudson at and below
TI Dam using the equilibrium partition coefficients developed in this section, the predictions are
unbiased for the majority of samples and the average percent difference between observed and
predicted particulate concentrations is 43 percent, which represents a high degree of accuracy
relative to similar reported studies. Comparisons between studies are best made on the basis of the
standard deviation of the estimated partition coefficients. Standard deviations for this study
(presented below) were less than those reported in four other large scale studies of PCB partitioning
in the water column. While some individual samples appear to be out of equilibrium between
dissolved and particulate phases, equilibrium-partitioning assumptions are adequate for fate and

transport modeling of the long-term behavior of PCBs in the Hudson.
3.1.1 Two-Phase Models of Equilibrium Partitioning

This section discusses the development and testing of two-phase models of PCB equilibrium
partitioning. It examines sources of variability for in situ estimates, and recommends partition
coefficient values and correction factors to use.

Two-Phase Partitioning Theory

The notation adopted for this discussion is generally consistent with that of Bierman et al.

(1992). The partition coefficient relates concentrations in the dissolved phase to those in other
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phases, such as particle-sorbed. A generalized partition coefficient. K. between a sorbed and a

dissolved phase at dilute aqueous concentrations can be defined as:

CP
r=— =K-C (3-1)
m d .
where:
r is the mass of sorbed chemical per unit mass of sorbent;
C; is the mass of sorbed chemical per unit of bulk volume; -
m is the mass of sorbent per unit of bulk volume;
K is the mass-basis partition coefficient (bulk volume/mass of sorbent), C,/(mC,); and

C, is the mass of dissolved chemical per unit of bulk volume.

This generalized formula can be defined in terms u. ..., ..on to total suspended solids, to
organic matter, or other sorbent. The simplest two-phase models are based on sorption to total
suspended solids. The partition coefficient in this case is labeled K;,, where the subscript P
indicates a coefficient for partitioning to generalized particulate matter, and ¢ indicates an analytical
measure of partitioning between a water and a particulate phase, based on filtration. The partition
coefficient determines the equilibrium relationship between the "dissolved" phase (as analytically
resolved) and the sorbed phase. The two-phase coefficient to total suspended solids, K;,, is defined

by:

CP
K, = ——— (3-2)
“  (188] C,,
where:
K, , is the in situ two-phase partition coefficient normalized to particulate mass (L/kg);
C, is the particulate concentration of sorbate (ng/L);
Cg4, is the analytically resolved "dissolved" concentration of sorbate (ng/L); and

[TSS] is the concentration of total suspended solids (kg/L).

3-5 TAMS/Cadmus/Gradient



The dissolved phase concentration used in Equation (3-2), Cy,. is operationally defined as
the concentration measured in filtrate. It thus includes not only truly dissolved sorbate (in this case.
PCBs), but also any sorbate bound to dissolved organic material, and sorbate bound to particulates

of colloidal size which pass through the filter.

Sorption of PCBs and other hydrophobic organic compounds is believed to occur
preferentially to particulate organic matter, in which case a partition coefficient based on [TSS] may
not provide an optimal description of phase partitioning. Piérard ef al. (1996) conducted analyses
of PCB congeners in marine sediments and documented preferential accumulation of PCBs in the
finest sediment fraction, and, particularly, the vegetal fragment fraction, for which POC serves as

an approximate measure in the water column. For these reasons, an alternate formulation to

Equation (3-2) is often employed, in which the partition coefficient, Kyoc,, is normalized to

particulate organic carbon:

o C,
- P 3-3
Foce  ypocy (3-3)

where:
Ksoca 1S the in situ two-phase partition coefficient normalized to POC (L/kg); and
[POC] is the concentration of particulate organic carbon (kg/L).
Kpoc, can be directly related to K, by the following expression since [POC]= f£,. * [TSS]

where £, is the fraction of organic carbon per unit mass of suspended matter.

| CP KP.a ) "
Kpoca ~ T - (3-4)
foc [ SS] Cd.a foc

Two-phase partitioning models are often modified to account for particle concentration
effects. The existence of a particle concentration effect on equilibrium constants has been the subject
of much debate since O'Connor and Connolly (1980) observed an inverse relation between partition
coefficients and the concentration of adsorbing solids. Di Toro (1985) proposed an equation to

describe the effect of particle concentration on the partition coefficient, which takes the form:
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v _ Kpoci,a
POC.a [POC] K
1 +

A%

K
POC,a

where K'yoc, is the partition coefficient corrected for particle concentration effects, and v is a unitless
empirical constant. Other authors, however, have contended that the apparent particle
concentration effect does not exist (McKinley and Jenne, 1991), or is attributable to sorption to a
third phase of dissolved organic matter (Gschwend and Wu, 1985). As discussed below,
consideration of particle concentration effects does not appear to improve the representation of PCB

partitioning in the freshwater portion of the Hudson River.

The next section presents the simple partition coefficients of Equations (3-2) and (3-3
without any corrections for particle effects or other confounding environmental variables, such as
temperature. The following section provides an exploratory data analysis of the significance of
various correction schemes. Based on this analysis, recommended two-phase PCB congener

partition coefficients for use in the Hudson River are provided.
Calculation of Two-Phase in situ K, , and Ky, withouvt Correction Factors

The TAMS team calculated both K, , and Kpoc, partition coefficients using PCB congener
data in the TAMS/Gradient database derived from the Phase 2 sampling program. The appropriate
data for calculation of the partition coefficients were the grab samples of "dissolved" PCBs and
particulate PCBs collected between January 29 and September 1, 1993 over a wide range of
environmental conditions and referred to as water column transect samples. These samples represent
in situ conditions in the water column, and therefore provide the best available information on the

in situ relationship between dissolved and suspended-matter phases.

Phase 2 equilibration and flow-averaged water column samples were collected for different
purposes, held for varying amounts of time prior to extraction, and are not appropriate to include in
the calculation of in sifu partition coefficients. However, a comparison of apparent partitioning in

these samples is important to reveal possible non-equilibrium conditions in the transect samples, and

3-7 TAMS/Cadmus/Gradient




is addressed below. In addition. only samples from Stations 3 through 8§ and 14 through 17.
representing river axis stations from RM 195.5 (the remnant deposit area) to RM 77 (Highlana),
were included in the calculations. as the objective is to establish in situ coefficients appropriate for
use in modeling and analysis of PCB transport in the freshwater reachés of the Hudson. Samples
from tributaries were not used because of concerns over potential differences in PCB dynamics and
the characteristics of available sorbent. Upstream background Stations 1 and 2 were also omitted,
because the PCB congeners were either not detected or concentrations were near the quantitation
limit, making accuracy of reported concentrations in these samples questionable. Samples from the
freshwater portion of the Lower Hudson (Stations 14 through 17) were included only after it was
determined that no consistent differences exist between data from these stations and those in the

Upper Hudson.

A total of 130 PCB congeners were considered for the partitioning analysis, consisting of the
90 initially calibrated target congeners and additional non-target congeners for which quantitations
were identified as of sufficient quality to include in analyses (see Table A-I and Section B.3.2 in
Book 3 of this report). Where co-elution of congeners occurred in a subset of samples (due to a
change of the capillary column characteristics) i.e., for BZ#4 and BZ#10, as well as BZ#105 and
BZ#168 from Transect 6, only the non-co-eluting samples were used. In the calculatio'n of partition
coefficients, if either particulate or dissolved concentrations of a given congener were not detected
or rejected in data validation for a sample, these data points were excluded from the analysis, as both
phases must be quantified to estimate phase partitioning. Results for duplicate samples (which are
co-located field samples, not laboratory splits) were averaged prior to calculation of partitioning.

Sufficient data were available to estimate water column partition coefficients for 64 PCB congeners.

The calculation of partition coefficients also requires [TSS] or [POC]. The [TSS] data
generated by RPI for the Phase 2 sampling effort were used as these appear to represent a consistent
and accura;[e data set, whereas other [TSS} analyses performed by a USEPA CLP laboratory did not
meet project data quality objectives. [TSS] measurements in the water column transects from the
Upper Hudson (Stations 3 through 8) vary between 0.72 and 390.8 mg/L, as shown in Figure 3-1,
with an average of 20.5 mg/L. Higher values resulted from scour events, particularly during

Transect 4 and at Station 8 during Transect 3.
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[POC] was not measured directly in the water column. However, weight-loss-on-ignition
(WLOI) data were reported, and can be used to estimate [POC]. (For Transect 1, WLOI data
were reported only at 450°, rather than 375 °C. However, a conversion factor [WLOI;;; = 0.864 »
WLOI,s,] was developed, as discussed in Appendix C, so that all WLOI data used were either

measured at or converted to a common ignition temperature. )

Based on a zero-intercept regression model for all data from high-resolution sediment cores
collected during Phase 2 above RM 154, i.e., in the Upper Hudson, the appropriate factor (A) for
converting WLOI(375°) weight fraction to organic carbon weight fraction is 0.611 (with standard

error on the estimate of 0.0056). [POC] can therefore be estimated as:

[POC] = 0.611 - WLOI(375°) - [TSS] (3-6)

[POC], as calculated from WLOI(375°), varies from 0.3 to 3.4 mg-OC/L, as depicted in Figure 3-2,
with an average of 1.4 mg OC/L. The distribution among time and stations is similar to that of

[TSS]. i

Using measured [TSS] and estimated (calculated) [POC], the team estimated K5 ,, log (K5 ),
Kroc.a and log (Kpoc,) for congeners quantitated in both the dissolved and particulate phases of at
least one sample. For a given congener, the individual sample estimates of K, generally exhibit
a positively skewed distribution, in which the rahge of estimates is much greater above the mean
value than below the mean value. Environmental observations with these characteristics are often
represented by log-normal distributions, and it is likely that natural variability in partitioning
behavior can be described as log-normal. The average of partition coefficient estimates forb a given
congener >may also be affected by the inclusion of estimates from samples that deviate significantly
from equilibrium conditions, as might occur, for instance, if the particulate phase contains recently
scoured contaminated sediments. Where such outliers are present, the median or mid-point of the

data is often used as a robust estimator of central tendency. If the underlying distribution is truly

- log-normal, the median is also theoretically equivalent to the geometric mean, or mean of the log-
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transformed values. Figures 3-3 and 3-4 summarize the K;, and Ky, estimates for‘congeners
quantitated in both the dissolved and particulate phases in at least three samples, showing both the
95 percent confidence interval on the mean, as a vertical bar, and the median of the estimates. For
some congeners, the degree of skew is so high that the median falls below the confidence interval

on the mean.

Although the uncorrected estimates show considerable variability, it is worth noting that
mean in situ Ko, values appear to show a smaller range across PCB congeners than theoretical
values reported in the literature for partitioning to organic carbon (Figure 3-5). Theoretical values
reported for partitioning to organic carbon for PCB congeners as log (Koc) by Mackay er al. (1992),
based on a relationship to octanol-water partitioning (Kqy) range from 4.4 (BZ#1) to 7.3 (BZ#207);
mean estimates of log (Ko ,) in Figure 3-5 have a smaller range, from 5.0 (BZ#4) to 6.9 (BZ#122).

Direct, uncorrected estimates of both K, , and Ky, shov considerable sample-to-sample
variability, which potentially consists of analytical uncertainty, presence of non-equilibrated
conditions, and systematic variability due to environmental conditions. The next section explores
the significant sources of environmental variability in the partition coefficients. Based on this

analysis, appropriate corrections were developed and tested as to predictive ability.
Exploratory Data Analysis of Sources of Variability in Partition Coefficients

The uncorrected K, and Ky, results presented in the preceding section show a relatively
+ large amount of variability from sample to sample. Some of the causes of this variability are
expected to be random, others systematic. One component of random variability arises from
measurement imprecision. Bergen ef al. (1993) suggest "analytical uncertainty associated with
direct water measurement of PCB congeners is 15-25 percent”. Estimating partition coefﬁcient.s
from water column measurements magnifies any measurement errors: As noted above, estimates
of K, , depend on the ratio of C; to (C 4« [TSS]), while estimates of Kpo, depend on the ratio of
Cpto (C 4 # [POC]). When C ;s close to the practical quantitation limit the measurement precision

is relatively low, and division by a small, imprecise number can translate into a larger error in the
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estimate of K;, or Koo, . Additional random variability in partition coefficient estimates is

introduced by any samples where the dissolved and particulate phases are not in equilibrium.

Systematic variability in estimates is due to environmental influences. A review of the
literature suggests at least four important potential sources of systematic variability: temperature,
particle concentration, nonlinear adsorption, and changes in the nature of the sorbate, whether
particulates or organic carbon. Salinity may also affect partitioning. but is not a concern in the

freshwater portion of the Hudson.

There is relatively little information available in the literature on temperature dependence of
PCB partition coefficients. From thermodynamic considerations, however, equilibrium partition
coefficients are expected to display a clear temperature dependence (Lyman et al., 1990;
Schwarzenbach et al., 1992). Bergen e al. (1993) report that temperature and log (Kow) were
equally important in determining observed values of K, for PCB congeners in seawater in New
Bedford Harbor. Various authors have proposed the existence of a particle concentration effect;
however, this may actually represent the influence of the DOC phase, as discussed above. Bierman
(1994) also reports a "general lack of a particle concentration effect” for in situ sediment partition
coefficients for hexachlorobiphenyl and other hydrophotic organic contaminants. Nonlinear
adsorption isotherms are often reported from laboratory experiments. If significantly nonlinear, this
effect would be reflected in a dependence of the partition coefficient on C,. Impact of sorption to
DOC would also be reflected in a relationship between the observed partition coefficient and C,.
Finally, systematic variations in partition coefficients from sample to sample may be attributable to
the quality of the sorbate. For instance, the makeup of the suspended solids fraction may vary
markedly between spring runoff and summer low-flow conditions. The changes may include both
variability in the mass fraction of organic carbon in solids (which is accounted for in the Ky
approach), and variability in the nature of the organic carbon, with living plankton biomass

accounting for a greater fraction during the summer.

Two-way analysis of variance (ANOVA) on the calculated partition coefficients by sample
against congener and transect number (time) or station number (location) indicated significant

variability associated with both time and location. Indeed, for estimates of K, , (but not Kpoc,), the
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variation with time overwhelmed variability among congeners. The higher variability in K;,
suggests that the organic carbon fraction. f, =[POC]/[TSS], shows significant variability not
explained by variability in [TSS], thus making Ko, a better predictor. An analysis of
covariance applied to f,- as a function of station and flow at Fort Edward shows that

o 1s significantly correlated to flow, but not to location, at a 95 percent significance level.

Multiple regression analysis provides additional information on significant contributors to
variability in observed partition coefficients. The explanatory variables considered were
temperature, [TSS], [DOC], flow (at Fort Edward), and dissolved-phase concentration of the PCB
congener. Thermodynamic considerations suggest an approximately linear relationship between the
natural log of the partition coefficient and temperature (as discussed below). The team also
investigated linear, log-linear and log-log relationships between partition coefficients and [DOC] and
[TSS] (or their inverses), and flow. Step-wise multiple regression (run both forward and backward)
indicated which variables had significant explanatory power (using a 95 percent significance
criterion for variables to be included in or excluded from the model). As this was primarily a
scoping exercise, the identification of significant variables is more important than the exact form of
the model (except that predictors highly correlated to one another may obscure causal relationships,
as described below). The team examined the behavior of partition coefficients (both K};_a and K poc,)
for ten key congeners, representing a range of environmental properties. The results are shown in

Tables 3-1 and 3-2. In these tables, a blank indicates the lack of statistically significant explanatory

power, while a + or - indicates a significant relationship, with sign.

~ From these tables, there is, first, very little evidence of any significant relationship between
partition coefticients and dissolved concentration or [DOC]. Most of the K, values have a strong
negative relationship to [TSS]; however, this relationship disappears when normalized to an organic
carbon basis, suggesting that a particle concentration effect is not significant following normalization
to [POC] over the range of environmental conditions sampled in the Hudson. Lack of a strong
relationship between Kpoc , and either [DOC] or [TSS] suggests that variability in fraction sorbed
to DOC also does not have a major effect on the particle-sorbed concentrations for most congeners,

within the limited range of observed [DOC].
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Significant negative relationships of partition coefficients to temperature are seen in the
regression results for log(K,,) and, for some congenefs, for log (Kpoc,). Interpretation of the results
is aided by examining the correlation pattern among the explanatory variables. Where these are
highly correlated with one another, the impact of one variable may mask or substitute for that of
another. The correlations among [DOC], temperature, [TSS]. and flow vary from congener to
congener (differing largely on the basis of available samples). Table 3-3 shows correlation structures
among the independent variables used to predict partition coefficients. Flow is negatively correlated
with temperature and [DOC] (the highest flows occurred coincident with the lowest water
temperatures and lowest DOC concentrations during snowmelt runoff); thus the positive correlation
between flow and Ky, for BZ#28, BZ#118, and BZ#138 shown in Table 3-2 may actually reflect
a negative correlation to temperature. Indeed, the sign of the regression coefficient on flow is always
positive for Kpoc,, but is not statistically significant for most congeners, while the regression
coefficient on [DOC] is never statistically significant. Figure 3-6 shows the general
trend for calculated values of Kpoc, versus temperatur. .. . 2. A trend of decreasing K poc,
with increasing temperature is visible, although appearing to represent only a small part of the total
variability in observed partitioning behavior. In sum, the exploratory data analysis suggests that the
influence of temperature should be investigated in the analysis of PCB partitioning in the Hudson
River. .
Additional qualitative information on variability in partition coefficients is provided by visual
examination of plots of estimated partition coefficients versus location and time. Figures 3-7
through 3-10 show log (K;,) and log (Kpqc,) values for BZ#44 plotted against transect number and
station (for the Upper Hudson between RM 195.5 in the remnant deposit area and RM 156.5 near
Waterford). Both K;, and Kpoc, tend to lower values during Transect 6, when temperatures were

highest, and flows lowest. The trend is clearer for Kpoc ..

Noticeable in all transects are the generally consistent values for K;, and Ky, estimates for
most congeners within a given transect beginning at Station 5, the TI Dam (RM 188.5). This
suggests that approximate equilibrium conditions are established within the Pool and remain

consistent throughout the remainder of the freshwater Hudson (with the possible exception of mone-

-and di-chlorinated congeners, as discussed further below). The results for Rogers Island, Station 4,
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are distinctly different from those downstream and probably reflect its proximity to the Hudson Falls
source resulting in a lack of water column equilibrium. Also notable in Figures 3-9 and 3-10 is the
degree of variability within transects as opposed to among transects. In general, there is less
variability within a given transect downstream of Station 5 than there is among the transects at any
given station beginning with Station 5. This suggests that the factors influencing the partition
coefficients, e.g., temperature and the nature of the POC, are largely consistent within a transect, but

the variation of these factors among transects causes the differing partition coefficients.

In sum, the exploratory analysis suggests that significant variability in partition coefficients
is related in part to water temperature changes. Apparent particle concentration effects are
significant for K, ,, but appear to be removed by correction to an organic carbon basis. Some
samples, particularly those collected at RM 194.6, may exhibit temporary disequilibrium between
dissolved and particulate phases. Finally, partition coefficients are most consistent in the region
beginning at the TI Dam suggesting that equilibrium conditiong are established in the TI Pool and

maintained downstream.
Temperature Dependence

The exploratory data analysis suggests temperature exerts an important control on observed
partition coefficients. Warren ef al. ’s (1987) laboratory work with Hudson River water and
sediments, as well as Bergen et al.'s (1993) work in New Bedford Harbor, also supports the

importance of a temperature effect on partitioning behavior of PCB congeners.

" Adsorption is generally an exothermic process (Laidler and Meiser, 1982); thus apparent
partition coefficients for most chemicals are expected to decrease with increasing temperature
(Schwarzenbach er al., 1994). For true equilibrium adsorption well below saturation in either phase.,
the partition coefficient can be thought of as the equilibrium constant (K) of a reaction, which will
be proportional to the Gibbs free energy change, AG°. The Gibbs-Helmholtz equation relates the
free energy change at a given temperature to the change in enthalpy or heat content, AH®, and
enables prediction of the temperature dependence of isobaric equilibrium constants, observed at

isothermal conditions:
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” d log (K) _ AH® .
I8 dT T? (-7)
w Since d(1/T)/dT = -1/T7, this can be written as:
o,
o d log (K) = -AH® d (1/T) (3-8)
- With the assumption that AH® is approximately constant and independent of temperéture over the
- range of environmental observations, integration yields the simple relationship:
) a

' log (K) = T + b (3-9)

where a and b (which arises as a constant of integration) are parameters describing a linear

relationship, and a will be the slope of a plot of log (K) versus 1/T.

iy

This gives the functional form for the theoretical temperature dependence of the partition

' coefficients, and suggests normalizing the estimates to a single reference temperature, typically 20°C
or 293.15°K (conversion to the Kelvin scale is necessary to prevent division by zero). In log space,
the difference between partition coefficient values at temperature T °K and at 293.15 °K is predicted
as:

log(K o) ~ 108(K 05 15o0) = ( 2 +b} - ( : +b) = a ( 1 _1 ] (3-10)

) T 293.15 T 293.15

e and

’ (i ) ) 3-11

K; = Kygyeox - 1017 2208 G-11)
This enables estimation of values of K;, and Kpq , normalized to a standard reference temperature

of 20°C, once the slope parameter, a, is determined.
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Warren et al. (1987) performed experiments on PCB partition coefficients for the Hudson
River PCB Reclamation Demonstration Project. One of their objectives was analysis of the variation
of K, with temperature. They conducted the experimenté ilsing 3-liter aliquots of water spiked with
200 mg/L of contaminated Hudson River sediments, equilibrated for 48 hours at 0, 12, 25 and 35°C.
Four analyses at each temperature are reported, two each using sediment cores from RM 91.8 (near
Kingston) and RM 190.9 (about five miles downstream of Fort Edward). One replicate from each
core was analyzed by packed column GC analysis, the other by capillary column (with an additional
capillary column analysis for the core at RM 190.9). Warren et a/. identify the congeners associated
with each peak; however, their capillary column resolution does not permit identification of

individual congeners.

Warren et al. reported that results in the temperature replicates showed excellent agreement.
Further, "Values of K, show a consistent decrease with temperature between 0 and 35°C, ranging
from about 25 percent to a factor of 3 to 4." The mean change across this temperature range was a
factor of slightly over three. Warren et al. did not, however, report a functional form for the
temperature dependence. The TAMS/Gradient team therefore used the data reported by Warren
et al. to regress log K, on 1/T (°K) for each reported peak, which include dichloro- through

heptachlorobiphenyl congeners. The resulting slope estimates are summarized in Figure 3-11.

The slope estimates in Figure 3-11 appear to show a weak downward trend with increasing
capillary column peak number. This may, however, be largely a result of noise introduced by lack
of precision in quantifying the dissolved fraction of the more insoluble congeners. Despite the two-
orders-of-magnitude range in the congener K, values, the rate of change of K, with temperature
appearé similar among congeners. Also, as the analysis of Warren et al. is not to the individual
congener level, and many congeners are not represented in their analysis. A single, approximate,
temperature-correction slope factor was selected for use with all congeners. The result, formed as
an arithmetic mean weighted by the number of available samples, is a = 1195.7°K. This result

yields an isothermal estimate of K, as:

108K p 7 _yrs sson) = 108K, pp) - 11957 | 2 - 1 \ (3-12)

ox)
PTE T°K  273.15°K )
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Most of the fitted slope coefficients for the individual congeners of greatest importance in
Hudson River samples, where shown by Warren ef al., are near the estimated value of 1195.7, with
the exception of that for BZ#180 (for which only one replicate was available). Results for peaks

associated with key individual congeners are shown in Table 3-4.

Warren et al. did not report data for Ky, nor did they provide organic carbon measurements
for the temperature equilibration experiments. However, the theory for organic carbon normalization
is that the observed partitioning is controlled by the organic fraction of particulates, and the same
mechanism applies for estimates of K, and K. Thus, the temperature correction slope should be
approximately equal for K, and K¢, since they are related by a single, non-temperature dependent

constant, f,. (see Equation 3.4). Thus, the same temperature correction can be applied to Kppc -
Evaluation of Equilibrium Assumptions

Equilibrium partitioning models assume that environmental samples display equilibration
between the different phases. It is expected that at least some samples will represent non-
equilibrium conditions. An analysis of the apparent degree of equilibration is thus important to

interpretation of in situ equilibrium partition coefficients from the data.

Analysis of Equilibrium Samples

In the equilibration study, duplicate water column transect samples were collected and held
for approximately four days prior to filtration and analysis for the purpose of determining whether
PCB-congener concentrations in the dissolved and suspended-matter phases were at equilibrium in
the water column. Significant changes between the iﬁstantaneous transect samples and the
equilibrated samples could indicate that a true equilibrium did not exist in the water column. While
changes between transect and equilibration results were noted, the experimental design did not call
for maintenance of a specific ambient temperature during equilibration and observed changes may

be due to temperature effects; thus the evidence on in situ equilibrium is unclear.

The TAMS/Gradient team collected equilibration samples during Transects 2 and 6.

Transect 2 represents winter conditions, while Transect 6 represents summer conditions. The
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differences between the transect and equilibration values of K, are summarized separately for the
two sets of equilibration data, on a log scale, in Figure 3-12. K, values for the Transect 2 samples
are, on the average, higher than the corresponding values for the equilibrated samples. For the
Transect 6 samples, the values of K;, are generally less than the estimates from the equilibrated
samples. The Transect 6 results match results obtained from paired large-volume filter studies
conducted at Mechanicville in 1983 (Bopp et al., 1985). Essentially the same relationships
as are seen for K, in the two transects are seen for Kpqc, €stimates, so the differeﬁces are not solely

attributable to differing organic carbon content of particulate matter for the two transects.

The Transect 2 equilibration samples might be interpreted to suggest that the PCB mass was
generally out of equilibrium toward the particulate phase. In Transect 6, the PCB mass generally
appears out of equilibrium toward the dissolved phase. There is, however, a confounding factor in
the interpretation, as the samples were not held at their original ambient temperature during
equilibration. In the discussion of temperature dependence, it is clear that there is a strong inverse
relationship between partition coefficients and temperature. Transect 2 samples were taken during
cold weather and Transect 6 samples during warm weather. The equilibration process thus involved
some warming of the Transect 2 samples, and cooling of the Transect 6 samples, which should
produce, respectively, decreases and increases in K, values. This temperature change alone could

account for the observed shifts in K, values during equilibration.

Evidence for Disequilibrium in Transect Observations

Despite the inconclusive interpretation of the equilibration experiments, a number of
individual samples clearly represent non-equilibrium conditions, and are thus not appropriate for the
calculation of equilibrium partition coefficients. The presence of a certain proportion of samples out

of equilibrium is expected. For instance, samples collected during a non-scouring period where

significant release of dissolved PCBs was occurring from the sediment would be out of equilibrium |

toward the dissolved phase until sufficient time passed for equilibration to occur with suspended
solids. Conversely, during scour events which mobilize sediment-bound PCBs, the water column
samples may be temporarily out of equilibrium toward the particulate phase until the PCBs in the
particulate and dissolved phases reach equilibrium. Tributaries loading relatively clean water or

sediment may also cause temporary disequilibrium.

3-18 TAMS/Cadmus/Gradient

HEF 008 3

R B B EEBREEBREREERYML"EEEEREEERNLER




While it is not appropriate to include non-equilibrated samples in the estimation of

equilibrium partition coefficients, there is no clear a priori criterion to determine which samples are

inappropriate. This situation calls for estimators which are more robust to the presence of
; inappropriate or outlying data than the mean. As noted above, a useful estimator of central tendency
— in such situations is the median, or 50th percentile of the observations, which is much less affected
@ by outliers than the mean.
«; Upper Versus Lower River Estimates
2
J‘ Initial estimates of partition coefficients were based on transect data from the Upper Hudson
20 only, due to potential differences in the nature of sorbate below the confluence with the Mohawk
~ River. However, there are also reasons for the inclusion of freshwater Lower Hudson samples into
- the analysis (if consistent differences do not apply). Given the high variability in partition

coefficient estimates in individual Upper Hudson samples, the increased sample size resulting from
” adding the Lower Hudson samples would be helpful for calculation of average values.

Lower Hudson samples are available for Transects 1, 4, and 6 only, and Transect 1 included

Lower Hudson samples at RM 153 (Green Island) and RM 102 (Cementon) only (the latter station
] was not used in subsequent transects). There is generally more variability in partition coefficient

estimates between transects than between stations within a transect. The behavior of apparent
— partition coefficient values in these transects can be compared between the Upper and Lower Hudson
- and examined for a representative suite of congeners. For Transect 1, collected in January and
February, K, , estimates appear to decline gradually downriver, with the biggest change occurring
- in the more-chlorinated congeners (Figure 3-13). The difference between estimates at RM 188.5 (the
. TI Dam) and RM 156.6 (Waterford), however, is greater than that between Waterford and the Lower
e Hudson stations, and may be partly attributable to temperature changes.

In Transect 4 (Figure 3-14), conducted in April, apparent K, , values again declined with river

- mile in the Upper Hudson, but there does not appear to be a systematic change from the Upper to

the Lower Hudson. During Transect 6 (Figure 3-15), partitioning at Waterford (RM 156.6) is again
AT

very similar to that in the freshwater portion of the lower Hudson.
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There does appear to be a difference in the partitioning behavior of more highly chlorinated
versus less chlorinated PCB congeners with location in the Hudson. Figure 3-16 summarizes the
average percent deviations from the mean for congener Ky, estimates by station. with mono-
through tri-chlorinated congeners and tetra- and higher-chlorinated congeners represented separately.
All congeners tend to show increased estimates of Ky, at RM 196.8 (Rogers Island), which may
represent presence of non-equilibrated sediment in the samples. Above and below RM 196.8, KP.OCa
estimates for the more chlorinated congeners are relatively constant. For the mono- through tri-
chlorinated congeners, Kyoc, €stimates are at a minimum at RM 188.5 (TI Dam), then tend to
increase steadily downstream. This may indicate loading of a predominantly dissolved-phase (or
DOC-bound) mass of lower-chlorinated congeners within the TI Pool, coupled with gradual
adsorption and volatilization loss of the dissolved phase, and-coagulation and conversion to
particulate form of the DOC-bound phase (Buffle and Leppard, 1995) as flow proceeds downstream.
There does not, however, appear to be a significant change in partitioning behavior across the
boundary between the Upper and Lower Hudson. Indeed, including both upper and lower river
estimates may aid in compensating for any bias introduced by local disequilibrium in the area of the

TI1 Pool.

In sum, the available data suggest no clear distinction between partitioning behavior in the
Upper Hudson and partitioning behavior in the fréshwater portion of the Lower Hudson. Changes
between stations within the Upper Hudson are likely attributable to variations in organic carbon
concentration and water temperature. Use of samples from the freshwater portion of the Lower
Hudson provides advantages of larger sample size. These samples were therefore included in the

analysis of partition coefficients.
Corrected Two-Phase Partition Coefficients for Application

The discussions in the preceding sections suggest that partition coefficients should be
estimated on a temperature-normalized basis (20°C), using the temperature correction factor
described in Equation (3-12). In addition, data should be summarized across all main-stem samples
between the remnant deposits and the salt front, using the arithmetic median to avoid undue

influence from outliers and non-equilibrated samples.
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The ability to predict particulaté-phase coﬁgener concentrations from dissolved-
phase observations using a squared error criterion provides a basis for evaluating the relative
performance of different formulations of the two-phase partition coefficient. That is, estimates of
the particulate-phase concentration can be predicted from Cpoc = Kpoe, - [POC] - Cyand Cp =Ko,
- [TSS] - C,4 and compared to observations. Table 3-5 shéws the relative performance across all
congeners for which partition coefficients could be estimated. Figures 3-17 and 3-18 show the
performance of temperature-corrected K, , and Kpc, estimates in predicting C, from C,, for those
congeners quantitated in both phases in at least three samples. Estimates of C; using K, appear to
have limited predictive power, and predicted values fall into two distinct groups, one above and one
below the line of perfect fit. In contrast, most K, ,-based predictions fall relatively close to and
evenly distributed about the unit line. A small subset of K, ,-based predictions are substantially
under-predicted. These represent. samples which were significantly out of equilibrium toward the
dissolved phase. Because median values were used to estimate Kpoc ,, these outliers have little effect

reported estimates.

The results in Table 3-5 indicate that a substantial improvement in predictive ability is
obtained by using Kpq, instead of K, ,, despite any additional noise introduced in the estimate of
[POC]. Further improvements are gained by introducing a temperature correction, and using the
median estimate to reduce the influence of non-equilibrated outliers. The TAMS/Gradient team
therefore recommends using median values of in sifu Ky , estimates with a correction to a reference
temperature of 20°C as the basis for two-phase models of PCB congener fate and transport.
The resulting estimates of Kyoc, and log(Kpoc, ) are presented in Table 3-6(a) and 3-6(b), and

summarized in Figure 3-19.

The temperature-corrected Kpoc, estimates provide a relatively good ability to predict
concentrations of PCBs in one phase from those in the other. The average absolute percent
difference between observed and predicted concentrations in the particulate phase for all congeners
was 43 percent. For the Upper Hudson River from RM 188.5 (Station 5, TI Dam) to RM 156.6
(Station 8, Waterford), more than half of the estimates of particulate-phase concentrations from
dissolved-phase concentrations were within 28 percent of measured values. Further, the quality of

prediction was high even at Station 8 during Transect 3, where substantial quantities of PCBs appear
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to have been mobilized by a localized scour event in the reach above the station (see
Subsection 3.2.5 for discussion). In these samples, the median percent difference between observed
and predicted Cpo was 22 percent and discrepancies that do exist may be attributable to an atypical

composition of the POC fraction during this high suspended-load event.

Average percent differences between observed and predicted values differ considerably
among congeners. For congeners detected in both particulate and dissolved phases in ai least ten
samples at Stations 5 through 8, the average absolute percent difference is as low as 18 percent for
BZ#101 and less than 50 percent for all congeners except BZ#1. High average percent differences
for BZ#1 (98 percent) may reflect difficulties in quantitating this congener, as well as potential
disequilibrium in some samples. At upstream stations nearer the GE Hudson Falls source (Stations
3 and 4), the average percent differences are, on average. 1.8 times those for Stations 5 through 8.
This suggests that PCBs in the water column may not have reached an equilibrium distribution

between phases prior to reaching the head of the TI Pool.

The quality of fit can also be summarized via the sample standard deviations of the estimates
of log(Kpoc ). These range from 0.029 to 0.55 log units in this study, with most in the range of 0.2
to 0.3 log units. Across all congeners, the average standard deviation in estimates of log(Kpoc,) is
0.276 and the median 0.244 log units. These results compare favorably with other studies reported
in the literature. Bergen er al. (1993), studying six PCB congeners at four stations in New Bedford
Harbor, reported standard deviations for estimates of log(Kpqc,) ranging from 0.25 to 0.50 log units.
Bierman ef al. (1992) analyzed five congener groups in Green Bay and reported standard deviations
for estimates of 1og(Kpoc ,) ranging from 0.27 to 0.36 log units. Finally, Baker ef al. (1986) reported
standard deviations ranging from 0.1 to 0.9 for log(Kyoc,) estimates for 28 congeners in Lake

Superior, with an average standard deviation of approximately 0.5 log units.
Evaluation of Partitioning in the Flow-Averaged Samples

The flow-averaged samples were collected for the purpose of estimating PCB flux over time,

and represent a flow-weighted average water concentration for a 15-day period. These samples were
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analyzed for dissolved and particulate concentrations, but were intended to provide estimates of foral

flux of a given congener.

Because of the sample collection and handling methodology, the phase distribution of PCB
congeners in the flow-averaged samples may not be representative of the instream phase distribution.
First, the samples are composites of instantaneous sub-samples which have been held for varying
lengths of time. If the older sub-samples were initially out of equilibrium, the long holding time
allows for movement toward equilibrium. More importantly, the flow-averaged samples mix sub-
samples with varying initial concentrations of PCBs, [TSS], [POC] and [DOC]. Thus the composite
mixture may show a phase distribution quite different from any of the instantaneous sub-samples.
However, if the transect sample analysis does yield valid estimates of equilibrium partition
coefficients, similar results, on average, should be obtained from the flow-averaged samples. In
sum, the flow-averaged samples cannot be used to calculate valid in situ partition coefficients, but

can be used as a check on reasonableness of the estimates.

A temperature correction is not possible for the flow-averaged samples, because the
individual sub-samples were collected at differing temperatures, and the composite was held on ice,
not at a temperature reflecting a weighted average of collection temperatures. As noted above, a
correction to a POC basis does improve accuracy of estimation of partitioning, and it is most

appropriate to compare the median of flow-averaged Ko, estimates to transect K ppc , €stimates.

Figure 3-20 compares the medians of the flow-averaged Ky, estimates for the entire flow-
averaged sampling program to the transect median estimates (normalized to 20°C). This shows that
estimated partition coefficients in the flow-averaged samples are similar to those obtained from the
transect samples. In sum, the flow-averaged samples confirm the order of magnitude of the Ky,
estimates from the transect samples. They should not, however, be assumed to provide accurate
estimates of the in situ phase distribution of PCB congeners. Instead, the flow-averaged samples are

best used, as intended, to assess the fotal flux of congeners.
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3.1.2 Three-Phase Models of Equilibrium Partitioning

Laboratory experiments (e.g., Carter and Suffet, 1982; Gschwend and Wu, 1983), as well as
field observations (e.g., Baker e al., 1986; Means and Wijayaratne, 1982) have demonstrated that
a two-phase model of equilibrium partitioning may not be optimal for hydrophobic organic
pollutants. That is, such compounds sorb not just to filterable particulate ofganic matter, but also
to colloidal-size and dissolved organic matter, such as humic and fulvic acids, which may play a
significant role in facilitating transport (see review of Sigleo and Means, 1990). The fraction sorbed
to the non-filterable organic carbon represents a third-phase, which is neither sorbed to particulates
(as defined by filtration) nor truly dissolved. Analytically, this fraction is resolved and reported as
part of the "dissolved" phase; however, considering it to be truly dissolved may result in a
misrepresentation of phase partitioning behavior if significant variability occurs in the concentration

of "dissolved" organic carbon (i.e., the organic carbon content which is not filterable) occurs.

The presence of a significant third phase may have important implications for biotic uptake,
as dissolved constituents are generally thought to be more readily bioavailable than those sorbed to
DOC. DOC is consistently present in samples of Hudson River water at levels around 4 mg/L.
Further, for many PCB congeners, a larger fraction of total mass in a sample is seen in the analytical
"dissolved" phase than in the particulate phase. For instance, 73 percent of the mass of BZ#18 is,
on average, reported in the "dissolved" phase. This percentage declines with increasing Kpqc ,, and

for BZ#153 only about 36 percent of the mass is in the "dissolved” phase.

Whether or not the DOC-bound phase has a significant effect on the environmental
distribution of compounds in the water column depends on [DOC] and the hydrophobicity of the
compound. Eadie er al. (1992) found in Lake Ontario that the DOC-bound phase accounted for 10
percent or less of total water column mass for hexachlorobiphenyls and compounds of similar
hydrophobicity. Brownawell and Achman (1994) reported that colloidal materials did not appear
to have a significant effect on water column partitioning for most PCB congeners in the Hudson
estuary, except for the most hydrophobic PCBs. Bierman et al. (1992) in the Green Bay PCBs study
estimated that the water column DOC-bound fraction for congeners BZ#28, 31, 56, 60, 101,

138, 158, and 163 was on the order of 2 percent to 3 percent. (This result was based
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on an assumption that Ko = 0.01 - Kpoc, rather than an independent determination of Ko¢.) For
porewater, in contrast, Burgess et al. (1996) report that the DOC-bound fraction of PCB congeners
in New Bedford Harbor ranged from 40 percent for dichlorobiphenyls to greater than 80 percent for

tetra- through octa-chlorinated PCBs.
Three-Phase Partitioning Theory

To evaluate the significance of a DOC-bound phase of PCBs in the water column of the
Hudson River, three-phase models of partitioning can be employed, which explicitly account for the
DOC-bound fraction. But, because the third, DOC-bound phase is not readily observable and was
not measured in the Phase 2 study, this presents significant problems for the determination of in situ
partition coefficients. This section presents several attempts to fit three-phase partition coefficients,
and uses this evidence to evaluate the significance of the third (DOC) phase for modeling the

behavior of PCBs in the Hudson River.

In a three-phase model, the total concentration of sorbate, Cy, is assumed to be the sum of

three phases, each of which is related to the dissolved fraction by a partition coefficient:

Cr=Cy * Cpoc * Cppc = C, (1 + Ky IDOCY + K, [POC)) (3-13)

The partition coefficients are defined in relation to the truly dissolved fraction, C,, rather than the

apparent dissolved fraction, Cg,:

C4

K _ poc Al
pocC [DOC]Cd (3-14)
C
K - POC -
roc ~ Trocic, (3-15)
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The apparent, or two-phase partition coefficient to POC is referred to as Kpoc,. It is related to the

"true” three-phase Kyqc via:

K

K = K d = poc (‘1_16
POC,a POC 3-16)
Cd‘a 1 + Kpoc[DOC]
because
Cd,a = Cd + CDOC = Cd (1 + Kpoc [DOC]) (3-17)

This implies that the three-phase Ky should always be greater than or equal to the apparent two-

phase Kpoc,-

I e EESER N

Given estimates of the partition coefficients, the mass fractions in each phase can be

estimated as described by Bierman et al. (1992):

f, = % \ (3-18)
Jooc = fgq_C_DEE?_Cl (3-19)
fro = ~2EC0 ;POC] (3-20)
where:
D = (1 + K, IDOC)] + K, [POC]) (3-21)

and f;, foc and fpoc represent the mass fractions in the dissolved, DOC, and POC phases,

respectively.
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An alternative theoretical approach to accounting for DOC sorption considers [DOC] plus
[POC] or [TSS] as a single, relatively homogeneous phase (Bopp. 1995 pers. comm.). For instance,
if the [DOC] phase is primarily colloidal material, such material may also be expected to coat the
surface of particulate matter, and provide a similar substrate. In this approach, a two-phase partition

coefficient can be defined to toral organic carbon (TOC), the sum of [POC] and [DOC}:

~ (CPOC + CDOC) (3_22)
(IPOC] + [DOC)) C,

KTOC

where C, is the truly dissolved fraction. While theoretically attractive, however, this approach is not

practical for the Phase 2 Hudson River data, as neither Cp nor C, was directly measured.
Estimation of Three-Phase Equilibrium Partition Coefficients

Obtaining reasonable in situ estimates of Ko from the Phase 2 data proved to be difficult.
First, measurements of the DOC-bound phase are not directly available in the data, but must be
estimated from the relationship of the reported concentrations in the particulate and total "dissolved"
phases. Second, [DOC] is relatively consistent among most samples, which results in little
interpretive leverage to assess the effect of changes in [DOC]. For the Upper Hudson transect
stations, [DOC] ranged from 4.15 to 6.35 mg/L except for one observation of 0.94 mg/L (Transect
4, Station 7). [POC] similarly has one outlying value (see Figure 3-21). [POC] and [DOC] for the
Hudson River do not show strong correlation, however, which was a source of significant difficulties
for three-phase model fitting at Green Bay (Bierman, 1992). Finally, the expected value of Ky
reportéd in the literature is typically two orders of magnitude less than K ;o (Eadie e al., 1990), and
this large difference presents' problems to obtaining an accurate solution via regression or

optimization.

Accordingly, a variety of methods were employed to obtain estimates of three-phase partition

coefficients. No one method provided consistent results across a wide-range of congeners, and for

any given method there were some congeners for which estimates did not converge. For’

comparative purposes, the analyses were developed on a set of 15 selected PCB congeners, i.e.,
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BZ#1,4,8, 18,28, 31, 44, 52, 66, 70, 101. 118, 138, 151, and 153, for which a large number of data
points are available and which are important in the environment in the Hudson River, cover a wide
range of expected partitioning behavior. and include most congeners considered for use in fate and

transport model calibration.

The simplest approach to estimation of the three;phase partition coefficients used linear
regression, adapted from the method of Brannon ef af. (1991). Using Equations (3-18) through (3-

20) the ratio of Cg, to Cpc can be written as:

Cd,a fd * fDOC 1+ KDOC [DOC]

= = (3-23)
Cpoc froc Kpoc [POC]
which can be rearranged to yield:
c,, [POCl K 1
d, - _P9% 1pocy + (3-24)
Croc Kpoc poc

Because the left-hand side of the equation and [DOC] are known, a linear regression on [DOC] has
an intercept of 1/Kpoc and slope of Kpoo/Kpoe- In theory, these estimates can then be used to derive
the required partition coefficients. This method, however, is very susceptible to small errors in any
of the measurements. Further, the method will tend to be biased upwards for K¢ in the presence
of random measurement variability, and, as Kpoc must be estimated from the ratio of the two
regression parameters, its uncertainty is inflated. When the intercept value (1/Kyoc) is not tightly
constra;ined, this approach will do a poor job of distinguishing the magnitude of Kpoc and Kpoe, even

if their ratio is closely determined.

Table 3-7 shows the results of applying the regression method. The results appear reasonable
for certain congeners. In every case for which estimates were obtained, however, the slope
coefficient (ratio) estimate was not statistically significant (a probability value less than 0.05 is
usually desirable to establish the estimate as significant at the 95 percent confidence level). Other

estimates did not converge (slope estimate less than zero). Thus the overall results of applying this
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method were judged unsatisfactory. Another drawback of the regression approach is that it does not
account for temperature dependence in the partition coefficients. Therefore. other approaches were

adopted for the direct optimization of the desired parameters.

Because of the temperature dependence detected in the two-phase analysis, the three-phase
optimization employed a temperature correction, which was assumed to take the form discussed
above and to apply equally to Ky and Kpoc. Direct optimization of the three-phase estimates of
Kpoe and Kpge (normalized to 20°C) was based on the equilibrium relationship for Cpge written in
terms of observable variables and C,, by rearranging Equation (3-24) and adding a temperature

correction:

C, K 10 [POC]
C _ “aa Broc (3-25)

POC e
1+ (Kpoe 10° [DOC])

where 10* represents the correction factor to convert the partition coefficient to ambient temperature

from a reference temperature of 20°C (Equation [3-12]).

Equation (3-25) predicts the analytical particulate concentration, Cpoc, from observed
quantities of [POC], [DOC], and C,,. Optimization on values of log(Kpyc) and log(Kpec) for each
congener minimized the sum of the squared prediction errors for Cpoc. The estimate of Ky was
constrained to be greater than the two-phase estimate, Kpoc ., as expected from theory (this constraint
was rarely binding, howevér). The optimization was accomplished using a conjugate gradient
numerical method, which searches for the minimum of the sum of squared errors by following the
responée surface slope, as determined by a central difference approximation to the rate of change

with respect to the variables.

Direct optimization of both parameters converged successfully for 11 of the 15 congeners
evaluated. In other cases, direct optimization did not converge, either because the solution became
insensitive to Kpoc or because the solution converged on a ratio of Kpoc/Kpoe, but not on a unique
value. To remedy the problems with non-convergence, a three-tiered approach was adopted. This

specified estimating with the following methods, in decreasing order of preference:
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1. Optimize Kpoc and Ky simultaneously on the full data set;

2. Delete any extreme outliers which appear to represent non-equilibrated samples and

reoptimize;

(U9

Where convergence is still not obtained due to insensitivity of the solution to Kyq, use
a two-stage procedure on the full data set. First, constrain the value of log(Kpoc) to
be 75 percent of log Kpoe and obtain the corresponding best estimate of Kpoe . Then,

optimize K, with Kpq fixed at the estimate obtained in the first stage.

All three methods were applied to each of the 15 congeners, but no single method gave
satisfactory results in all cases. Table 3-8 gives the highest priority convergent set of estimates
obtained for each congener, in order of preference in the list above. This table also includes the
phase distribution fraction of the congeners predicted under average conditions for the Upper
Hudson of 4.79 mg/L DOC and 1.40 mg/L POC. The predicted fiaction in the DOC phase is less
than or equal to 10 percent for 11 of the 15 congeners, which is comparable to the estimate of about
10 perceht expected from the results of Eadie ez a/. (1990). The average difference between log Ky
- and log Kpoc for the trichlorobiphenyls and more highly chlorinated congeners matches reports that
Kpac is typically one to two orders-of-magnitude less than Kpoc in the water column. The estimated
log Kpoc 0f 4.28 for BZ#52 is somewhat greater than the in situ estimate of 3.66 obtained through
reverse phase separation of truly-dissolved from colloidal-bound PCBs in the Great Lakes (Eadie
et al., 1992). The estimated log Ko of 4.66 for BZ#18 also compares well to an observed log
partition coefficient to humic acid of 4.57 reported by Chin and Weber (1989).

The monochlorobiphenyl BZ#1 and dichlorobiphenyls BZ#4 and BZ#8 appear to show rather
different results from the more-chlorinated congeners. For these congeners, Ky and Kpgc are of
approximately the same order of magnitude, and the DOC-sorbed fraction accounts for about one-
third to one-half of the total congener mass in the water column. These congeners appear to
constitute a significant portion of total PCB loading from the TI Pool sediments, and their movement

out of the sediments may be facilitated by binding to DOC such as humic acids.
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The importance of the DOC phase in total mass transport appears to decline with increasing
degree of chlorination and incréasing Keoc, as the ratio of Kyoe to Kpoe increases. Figure 3-22
graphically displays the phase distribution (at average Upper Hudson [POC] and [DOC]) for four

congeners which represent a range of chlorination and K.
3.1.3 Sediment Equilibrium Partition Coefficients

Equilibrium partitioning between dissolved and sorbed phases also controls the behavior of
hydrophobic compounds in the sediments and porewater, and plays an important role in determining
flux of contaminants out of the sediments. Even when scouring of sediments does not occur, PCBs
may move from the porewater to the water column through diffusion and ground water advection
of dissolved and DOC-sorbed phases. McCarthy and Zachara (1989) summarize the role of colloidal
DOC in facilitating the subsurface transport of hydrophobic organic contaminants. Burgess ef al.
v+~ ~0) found that PCBs in the porewater of marme sediments of New Bedford Harbor are
predominantly associated with a colloidal or DOC fraction. Brownawell and Farrington (1986) also
confirmed that partitioning of PCB congeners having log(K,y) values in excess of 5 was
significantly affected by the presence of colloidal organic material in the interstitial water. Phase
distribution may also be important in controlling bioavailability and degradation of PCBs in the

sediments.
Sediment Partitioning Theory

The sediment matrix is qualitatively different from the water column, as it predominantly
consisfs of solids with a lesser portion of water. The volume of the water phase is not equivalent to
the total volume, and the fraction of POC with surface area available for sorption is likely to be
smaller. Despite these differences, a model of equilibrium partitioning between sediment and
porewater can be developed analogous to that presented in Subsection 3.1.1 for partitioning in the
water column, although coefficients are likely to differ. Indeed, sediment systems are thought to be
more likely to be in equilibrium than water column systems because the physical-chemical
environment in the sediment is more temporally stable (i.e., slbwly varying temperatures and

substantially longer contact times between sediment and porewater) (Bierman, 1994). McGroddy
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et al. (1996) report that both in situ and laboratory desorption of PCB congeners from sediment are
consistent with equilibrium partitioning models. Carroll er al. (1994) suggested that PCBs in
Hudson River sediments may include both a rapidly desorbing labile component and a more slowly
desorbing resistant component; however, the temporal stability of the sediment environment reduces

the importance of this observation for the estimation of PCB fate and transport.

Partitioning of organic chemicals between sediment and porewater can be approached on
either a mass concentration basis, /.e., mass of sorbate per dry weight of sediment, or a volumetric
concentration basis, i.e., mass of sorbate per volume of sediment. This does not affect the definition
of the partition coefficients, which remain in units of volume of the medium over mass of sorbent.
For comparability to the discussion of water column partitioning, partitioning in the sediments is
described on a volumetric basis, but written in terms of commonly-reported measurements (mass of
contaminant per mass dry weight sediment concentration and mass per volume porewater

concentration).

Sediment partitioning models for hydrophobic contaminants are also usually based on
sorption to organic carbon. Consideration of a single, homogeneous organic carbon sorbent is
necessarily a simplification of actual sorption processes within a heterogeneous medium. Piérard
et al. (1996) show that PCBs preferentially sorb to the fine organic fraction of sediment. They also
document, however, that di- and tri-chlorinated PCB congeners are relatively enriched in the sand-

size fractions of the sediment, perhaps due to competition for binding sites on fine organic matter.

For a two-phase model based on sorption to organic carbon, the particulate-bound mass is
related to the analytically resolved porewater "dissolved" concentration through:

C, m=m-f,. K,. -C (3-26)

P 0C,a PW,a

where:
C; is the mass of sorbate per dry weight of sediment;
m is the mass of dry sediment per in situ volume of the sediment-porewater matrix;

foc is the fraction of organic carbon in the solid phase;
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Koc. 18 @ partition coefficient to organic carbon (volume of porewater per mass of sorbent);

and
A L
Cpw . is the analytically resolved concentration in porewater (mass per volume of
=l porewater).
s Because the density, m, appears on both sides of the equation, Ky, is defined the same on a mass
— concentration basis. This yields:
- : c
- P ,
0ce = T (3-27)
3 Joc Cow
5
Three-phase models can also be written for the sediment. In support of a three phase
i approach, sorption to colloids has been shown to dominate the analytically resolved concentration
g of PCBs in porewater of contaminated marine sediments (Burgess et al., 1996). On a volumetric
- basis, the mass balance in the sediment can be written as (Di Toro ef al., 1991):
IS —_ ~
CT(V) = Cran m 6 Copp v~ [, K,  Cppyp + 0 - my, - Ko Cpyy (3-28)
where the three terms on the right-hand side represent the volumetric concentrations of the dissolved,
particle-sorbed and DOC-sorbed fractions, relative to the volume of the sediment-porewater matrix,
» respectively, and
Crv) 1stotal concentration on a mass per volume basis;
"CT(MJ is total concentration on a mass of sorbate per dry weight of sediment basis, as
. usually reported;
iy 0 is the saturated porosity, or volume of water per volume of wet sediment; and
i Mpoc 1S the mass of DOC per volume of porewater.
and the other parameters are defined above.
h As in the water column, the truly dissolved and DOC-bound fractions are usually not

resolved analytically; instead, an analytically resolved value for the "dissolved" fraction is reported
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that contains both phases. Analogous to Equation (3-25) for the water column. observed
concentrations in the sediment (on a mass basis) may be related to the observed, apparent porewater

volumetric concentration by:

foc Koo Co,
c, - . oc Zoc “rw, (3-29)
< L+ mpyoe Knoc)

This equation may be used for optimizing values of K, and Ky, based on measured C; (mass of
PCBs per mass of dry sediment) and C,y,, (analytically resolved concentration in porewater, as mass
of PCBs per volume of porewater). Further, the two-phase partition coefficient may be related to

that for three-phase equilibrium partitioning to POC through

1

+
1+ np0cKpoc

Keoca = Kpoc -

Data Sources

The Phase 2 data collection effort included measurements of sediment PCB congener
concentration, but not measurements of porewater PCB or DOC concentrations, which are needed
for the evaluation of sediment partition coefficients. Data on porewater concentrations were
collected by General Electric in the 1991 Sediment Sampling and Analysis Program (O'Brien &
Gere, 1993b). This program involved the collection of more than one thousand sediment cores and
grab samples from the Upper Hudson River, approximately one-half of which were obtained from

the TI Pool, with'the remainder located between Waterford (RM 156.6) and TI Dam (RM 188.5) 

The GE samples were composited prior to analysis, with about eight to twelve samples from
the same river reach and sediment type included in each composite. Cdmposites maintained
distinctiqn as to core depth, based on segmentation into 0 to 5, 5 to 10, and 10 to 25-cm fractions.
Samples were frozen for storage and then thawed prior to analysis, which may alter all phases of the
matrix. Porewater samples were also composited after extraction from discrete core sections by

centrifugation. These were filtered and analyzed for total organic carbon ([TOC]), and congener-
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specific PCB concentration. As [TOC] was obtained after pressure filtration through a 0.5um nylon
membrane filter, it is representative of the analytically-resolvable DOC fraction. A total of 84
composite sample locations were identified with matched sediment and porewater PCB

measurements.

Within the 84 matched composite samples, total PCB concentrations in sediment range from
0.9 to 149 mg/kg, with a median of 17 mg/kg. Concentrations in porewater range from 0.2 to 58
ug/L, with a median of 6.4 ug/L. It should be noted that 73 of the 84 porewater samples (87 percent)
did not meet data quality criteria as the result of field blank contamination (O’Brien and Gere
1993b). These flagged values are included in the estimation of sediment partition coefficients. The
data quality problems, however, imply that the resulting estimates for sediment PCB partitioning are
less reliable than estimates derived in Section 3.1.2 for partitioning in the water column, for which

only data which passed all data validation steps were included.

Because of the compositing procedure and the possible effects of sample handling and blank
contamination, the porewater and sediment fractions analyzed are potentially not representative of
in situ partitioning. The analytical methods used by GE for congener analysis were based on
calibration to Aroclor standards only, and did not exhibit as high a degree of congener-specific
resolution as in the analyses for the TAMS/Gradient Phase 2 data collection. This resulted in
increased reporting of co-elution of congeners relative to the Phase 2 data, which impedes
comparison to the water column results reported above. The GE sediment results do provide an
internally consistent data set on which sediment-phase partition coefficients can be attempted, but
the combination of sample compositing and analytical co-elution suggests the accuracy in estimates
of partition coefficients from these data will be low compared to those reported for water column

samples.
Two-Phase Partitioning in the Sediments

The team evaluated two-phase in situ K , estimates for chromatogram peaks associated with
a selection of key PCB congeners, as identified from the peak-congener table supplied by GE.

Table 3-9 shows log K, estimates for 16 peaks, with theoretical log K, estimates from Mackay
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et al. (1992) and water column Kpoc., estimates included for comparison. The results, based on the
GE data, are generally consistent with two-phase results obtained in the water column, falling within
an order of magnitude of the estimates in Table 3-6. The range between the minimum and maximum
estimates is generally much greater for the GE data than in the water column, probably reflecting the
results of the compositing procedure and potential blank contamination. As did Kpqc, estimates in

the water column, the in situ K, estimates show a smaller range than the theoretical values.
Three-Phase Partitioning in the Sediments

Three-phase partition coefficients were estimated using the GE sediment—porewater data.
For several congeners, three-phase estimates did not converge through direct optimization, or yielded
estimates which did not appear to reproduce observed total porewater concentrations well. For some
congeners, a few anomalous data points appeared to bias the optimization, and estimates were re-
calculated with deletion of up to three such outliers. For three congeners, an alternative procedure
was required to obtain estimates which approximated the observed ratio of Cpy, , to Cp. In general,
the net effects of Kpoc and K, determining the total concentration measured in porewater, should
be more strongly determined by the data than either individual partition coefficient. Accordingly,
a procedure was adopted which assumed that K, could be estimated more reliably than three-phase
coefficients, and the three-phase coefficients can therefore be determined conditional on the two-
phase estimate of Koc,. Based on Equation (3-30), the equilibrium estimate of log(Kpqc) should be

approximately equal to

log (Kpoc) = log(Kpe ~Kyp ) — log(Ky ,"mp,0) (3-31)

Therefore, a conditional estimate of K¢, given an estimate of K¢, can be made by using the two-
phase estimate of K, and averaging over all samples. With the relationship between K pocand K o¢
determined by Equation (3-31), optimization is applied to K, only. This procedure successfully
reproduces the median ratio of total porewater concentration to particulate concentration for a
congener, but is less preferable than full optimization because it assumes that the two-phase estimate

of Koc , is known without error.
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Resulting partition coefficient estimates are summarized in Table 3-10a. Because PCBs are
strongly hydrophobic, most of the total mass of each congener is expected to be sorbed to particulate
matter. The implications of the estimated partition coefficients are summarized in Table 3-10b by
showing the predicted distribution of concentration in interstitial water (in ng/L) in response to a unit
total sediment concentration of 1 mg/kg. Table 3-10b also shows the median observed ratio between
total porewater concentration (ng/L) and sediment concentration (mg/kg dry weight) in the GE
samples. For comparison, the tables show results summarized by homologue group in New Bedford
Harbor sediments by Burgess et al. (1996), and partitioning in porewater which would be implied
by application of the three-phase partition coefficients obtained in the water column of the Hudson

River.

The analysis of partitioning in the sediments should be used with caution, because the
method of compositing and sample handling together with reported sample contamination suggests
the porewater samples may not be representative of in situ conditions in the sediment. The problem
of potential readjustment of phase distribution after sampling is exacerbated wherever PCB
concentrations or [DOC] differ significantly ainong the sub-samples in a composite. Indeed, the
research of Burgess er al. (1996) suggests that natural colloidal porewater systems may often not
achieve equilibrium because there is insufficient time for contaminants with large K,y values to
fully equilibrate with interstitial water colloids before the colloids are altered in some way (e.g., by
aggregation and settling) or transported from the sediments. In addition, the mass of PCBs is
predominantly in the particulate-sorbed phase, with at least 99.9 percent of the total mass of all
cdngeners in this phase. This means that the equation used for optimizations is very sensitive to

small errors in fc and mpgc.

The resulting estimates of porewater concentrations relative to total sediment concentrations
in the Hudson differ from those implied by three-phase partition coefficients estimated by Burgess
et al. (1996) for New Bedford Harbor sediments. This work suggested that Ko is close in
magnitude to Koc and approximately 80 percent of the porewater fraction of tri- and higher-
chlorinated PCB congeners is associated with the colloidal fraction. Partition coefficients (Ko,
Kpoc) reported by Burgess et al., however, were obtained for a very different geochemical

environment of a saline marine sediment, and would appear to over-predict the total porewater
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concentrations reported by GE in sediments of the freshwater portions of the Hudson. In contrast.
applying the three-phase partition coefficients obtained for the water column to the sediment

generally under-predicts GE’s reported total porewater concentrations.

Both the analysis of data for Hudson River sediments and Burgess et a/.’s results for New
Bedford Harbor suggest that DOC-bound PCBs may constitute a significant fraction of the PCB
concentrations in porewater. 'Further, elevated concentrations of mono- and dichlorobipheﬁyls in
porewater relative to concentrations of more highly-chlorinated congeners. This phenomenon may

facilitate transport of these congeners from the sediment to the water column.

3.1.4 Summary

In this section, two- and three-phase sediment-water partition coefficients were developed
'based on Phase 2 water column transect data. These coefficients could only be established for those
congeners which had measurable concentrations in both the “dissolved™ and suspended matter
samples. Coefficients were calculated for a total of 64 congeners. The two-phase partition
coefficients had a more limited range than those predicted in the literature based on octanol-water
partitioning. The reason for this is unclear but may be due in part to the inclusion of the DOC-bound
fraction in the measured “dissolved” fraction. The DOC-bound fraction is relatively more important
to the congeners with lower partition coefficients and lower molecular weights, as demonstrated by
the three-phase partition coefficient analysis also performed here.

Two-phase partition coefficients were shown to be consistent within a water column transect
for the stations at TI Dam and downstream. The stations upstream of the TI Dam, particularly
Station 4 at Rogers Island, were shown to exhibit substantively different dissolved to suspended
matter phase partitioning, suggesting non-equilibrium conditions at these stations. The use of a
temperature correction term with the two-phase partition coefficient for particulate organic carbon
(Kpoc ) Was shown to be the best predictor of in situ partitioning with a mean difference of 43
percent for all stations and a difference of only 33 percent for stations downstream of TI Dam. Thus,

with accurate measurements of in situ temperature, total suspended solids, and particulate organic
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carbon, it is possible to predict the phase distribution of PCB congeners to within about 33 percent

for the freshwater Hudson below the TI Dam.

Three-phase partition coefficients for the water column were calculated from the Phase 2 data
as well. Based on these coefficients, the distributions of several congeners among truly dissolved,
DOC-bound, and suspended matter bound phases were examined. The results demonstrated that the
DOC-bound fraction may be as large as the truly dissolved fraction for the lightest congeners. The
analysis also showed that the truly dissolved and DOC-bound fractions decrease in importance as

congener molecular weight (i.e., degree of chlorination) increases.

Composite sample porewater data collected by GE were used to evaluate partitioning
between sediment and porewater, and yielded two- phase partition coefficients that were generally
consistent with the Phase 2 program water column results. Analysis of three-phase partitioning in
sediment suggests that the DOC-bound phase may constitute a significant fraction of the total
porewater concentration for most congeners. Further, because of their lower partition coefficients
(Koc and Kpoc), concentration of mono- and dichlorobiphenyls is enhanced in porewater relative to
more highly chlorinated congeners, which may facilitate loading of these congeners from the

sediment to the water colump.

3.2 Water Column Mass Loading

Investigation of the transport of PCBs through the Hudson River by a mass loading analysis
allows for the identification of the relative importance of the various PCB sources and sinks. This
understanding of PCB mass transport is of critical importance in assessing the impact of the Upper
Hudson River sources on the freshwater Lower Hudson River and in assessing the feasibility of

remedial alternatives for mitigating the contamination located in the Upper River sediment.

In this mass loading analysis, water column samples, collected as part of the Phase 2
investigation, are evaluated in terms of PCB mass loading on a homologue basis. As part of this
evaluation, several mechanisms, including porewater diffusion/advection and sediment resuspension, -

are considered for their potential impacts on the water column PCB inventory. In addition, the
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seasonal variability of PCB fate and transport in the Upper River is examined. In this section,
emphasis is placed on the understanding of PCB loads on a total PCB and homologue basis.

Subsequent sections will examine PCB loads using congener-specific information.
3.2.1 Phase 2 Water and Sediment Characterization

In order to monitor the transport of PCBs in the Upper Hudson River, two water sampling
téchniques and a sediment sampling technique were applied as part of the Phase 2 investigation.
Each of these sampling methods provides unique insight into the various PCB sources and sinks

located in the Upper River.

The first water column sampling scheme was the transect sampling program. This program
was designed to provide a measure of the instantaneous water column conditions. Samples were
collected in a timed sequence beginning at Fenimore Bridge (RM 197.2) so as to consistently sample
the same parcel of water as the parcel traveled downstream to Waterford (RM 156.5). These samples
were filtered within four hours of collection using 0.7um glass fiber filters to separate the dissolved
phase and suspended matter-borne PCB fractions. The relative distribution of PCBs in the dissolved
and suspended-matter phases is important in that it provides information on the nature of PCB
sources to the water column as well as on those mechanisms by which the water column inventory

is altered.

The second water column sampling scheme was the flow-averaged sampling program. This
program provided a measure of relatively long-term (15-day) mean water column conditions. As
part ofh the flow-averaged water sampling program, samples were collected on alternate days over
a 15-day period, composited on the basis of river flow, and filtered to separate the dissolved-phase
and suspended matter-borne PCB fractions. However, because the holding times varied among the
individual pre-composited samples, the measured partitioning of PCBs between the suspended
matter and the dissolved phase for the composited samples is considered less reliable than that
measured in the transect study. Therefore, only total PCB concentrations, i.e., the sum of the
suspended matter fraction PCB concentration and the dissolved-fraction PCB concentration, of the

composited samples are evaluated in this mass loading analysis.
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While the flow-averaged sampling analysis does not provide information on the relative
distribution of PCBs in the -dis‘s'olved and suspended-matter phvases, it is an important tool in
understanding the fate and transport of PCBs in the Upper River. Specifically, it provides a basis
by which to assess whether or not the instantaneous measurements obtained in the transect study are

representative of longer-term fate and transport trends.

The sediment investigation entitled the “high-resolution sediment coring study”™ was
developed as part of the Phase 2 investigation to gain insight into long-term, i.e., historical, PCB
input, transport, and dechlorination/degradation in the Hudson River. This investigation is discussed

in detail in Subsection 2.1.2 of the Final Phase 2 Work Plan and Sampling Plan (USEPA, 1992b).

The coring study is an essential component of the mass balance analysis because it provides
information on the nature of the PCBs entering the water column via resuspension. In addition, by
qing that sediment porewater is in equilibrium with sediments at 0 to 8 cm (0 to 3 in.), it
provides information on the nature of the PCBs which may enter the river via porewater diffusion

and advection.
3.2.2 Flow Estimation

In a mass loading analysis, it is of critical importance to know the flow rate associated with
each sample collected so that the corresponding PCB loading can be caiculated. Flow data collected
by the USGS at RM 194.5 (Fort Edward) are available for the time period corresponding to the
Phase 2 sampling program (USGS, 1993a). However, direct measurements of flow normally
collected by the USGS at the Stillwater and Waterford sampling points were not available due to
construction activities at the Stillwater Dam and at Lock 1. In addition, indirect estimates of flow
by the USGS were not available at the initial time of preparation of this analysis. As a result, flow
estimates for these stations were made based on the reported Fort Edward flow and daily staft gauge
readings collected by the New York State Thruway Authority, Office of Canals (1993, 1994a,
1994b) (formerly administered by NYSDOT). Because the flow estimates developed here are based
on in-river staff gauges, they are considered to be as good or better than the indirect estimates made '

by the USGS and thus were not replaced when the USGS data became available.
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In order to esﬁmate flow conditions during the Phase 2 sampling period, several least-squares
ﬁf models were developed which relate mean daily flow to the staff-gauge heights. Staff gauges.
which are located immediately upstream and downstream of each of the locks on the Champlain
Canal (see Plate 3-1), are maintained by the Thruway Authority for the purpose of monitoring water

levels in the barge canal with respect to the New York State Barge Canal Datum.

These models are accurate in that they provide estimates of flow at Stillwater with a
prediction uncertainty of roughly +£15 percent under low-flow conditions and £10 percent under
high-flow conditions, based on an analysis of 10 years of USGS flow and staff gauge data.
Similarly, flow at Waterford can be estimated with a prediction uncertainty of roughly £23 percent

under low-flow conditions and 15 percent under high-flow conditions.
Model Development

As an initial step in the development of the models, the staff-gauge data were screened to
remove outliers, i e., gauge readings which were significantly different from the trend of the data set.
Further, gauge readings taken between December 15 and March 15 of each year were excluded to

eliminate the impact of inaccuracies caused by ice formation on the Hudson River.

Flow models were developed using various combinations of daily measurement data from
several staff gauges and USGS-recorded Fort Edward flow as parameters. [n addition, to improve
the quality of predictions under low-flow conditions, i.e., a Fort Edward flow less than or equal to
8,000 cfs, a second set of models was developed to better account for variability observed in the
staff-géuge data under these conditions. These models were calibrated using Stillwater and

Waterford flow data'collected by the USGS between 1983 and 1992 (USGS, 1993b).

The rationale for using the data from several gauges to predict flow is that all of the gauges
are hydraulically linked together, i.e., an increase in flow measured at one gauge fs observed to some
degree at each of the downstream gauges. Assuming that errors associated with the gauge readings
are random and not systematic in nature, flow prediction using the data from several gauges

improves the predictive ability of the model by minimizing the significance of the error associated
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with any particular gauge reading. In addition, because the availability of gauge data varies from
day to day during Water Year 1993 (i.e., each gauge was not read every day), using the data from
several gauges to predict flow provided the flexibility to develop models to match the various
combinations of available data. Note that USGS data are referenced here according to the USGS-
defined water year which extends from October 1 to September 30 and is labeled by the latter year

(e.g., water year 1993 extends from October 1, 1992 to September 30, 1993).

As part of model development, the flow data available for the 1983 to 1992 period of record
were evaluated to determine the potential importance of response time at downstream stations with
respect to changes in the magnitude of the flow measured at Fort Edward. From this evaluation, it
was determined that the Hudson River and its associated watershed largely behave as a single unit
between Fort Edward and Waterford. That is, while flow is a function of several factors including
upstream input, tributary input and localized precipitation events, flow changes observed at
downstream locations are generally coincident with flow changes observed at Fort Edward. This
is evidenced by the nearly identical tracking of slope changes in the hydrographs for each of the

stations (see Figure 3-23).

During periods of low flow, however, there does appear to be a time lag of, at most, one day
between the hydrograph slope change measured at Fort Edward and that measured at Waterford. To
account for the potential predictive significance of this lag, contemporaneous Fort Edward flow as
well as Fort Edward flow with a one-day lag were considered as parameters in the model
development for downstream stations. Using a step-wise regressing method, the more statistically

significant, if either one was significant, was included in the least-squares models.

It is important to note that exceptions to the singular watershed response also occur on
occasion when, for example, there is a localized precipitation event that does not occur over the
entire watershed. This lack of singular watershed response was an important consideration for flows
predicted between March 27 and April 5; during this period, the lower portion of the Upper River
drainage basin was beginning its spring flood while the upper portion of the Hudson River drainage
basin had not yet begun to thaw. In order to minimize the impact of the disproportionate watershed

response, gauge-only models utilizing only nearby staff gauges were developed to predict Stillwater

-
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and Waterford flows during this time period. No Upper River gauge data or Fort Edward ﬂow data
were included as predictive parameters in these models to avoid under-estimating the Stillwater and

Waterford flows as a result of the disproportionately low upstream response.
Flow Prediction Results

The tlow prediction model parameters and the corresponding Stillwater and Waterford flows
calculated for the Phase 2 period of study (January through September, 1993) are listed in Tables
3-11 and 3-12, respectively. The predicted flows were calculated using the best model appropriate
for the staff-gauge data available. When the available gauge data were such that flow could be
calculated ﬁsing more than one of the models developed, flow was calculated using the model with
the lowest prediction error. However, as was noted previously, Stillwater and Waterford flows for
the March 27 to April 5 time period were predicted using single-gauge models even though sufficient
gauge data were available to allow for the use of better models, i.e., models with lower prediction

CITors.

In addition, for several isolated days during Water Year 1993, the available gauge data are
not sufficient for flow calculation. Flow estimates for these days were interpolated using temporally
adjacent predicted flows. It is important to note that Stillwater and Waterford flows were predicted
for January 1 through March 15, 1993 based on available flow and staff gauge data even though the
corresponding staff-gauge data for this time period were excluded in model calibration due to

potential inaccuracies noted previously.
Flow Prediction Uncertainty

In order to use the estimated flows predicted with the flow models appropriately, it is
important to quantify the error associated with each of the estimated flows. Interpretation of the
prediction errors presented some statistical problems due to the autocorrelation between the
"independent” variables. Specifically, while the correlation between independent variables does not
diminish the ability of the models to predict flow, it does distort the estimates of model error, i.e.,

the quality of fit estimate, r?, and the root mean square error. However, because the gauge and flow
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data sets are large, it was possible to assess the prediction error directly by evaluating the distribution
of the percent residual errors, i.e.. the distribution of the percent differences between the predicted
flows and the measured flows was evaluated for each of the models for each of the flow regimes.
A summary of this analysis, which indicates the bounds of the central 95th percentile associated with
the distribution of the percent residual errors for each of the models, is preéented in Tables 3-13 and

3-14.

As is evident in Tables 3-13 and 3-14, model prediction error is highly dependent on the flow
regime as well as the model used. For each of the models generated, the prediction error, as
represented by the bounds of the central 95 percent quantile, is much greater for low-flow conditions
and decreases as the flow increases. In short, the higher the flow, the more accurately it can be
predicted. An example of the dependence of prediction error on flow regime is illustrated in the plot

of percent residual error vs. Stillwater flow for low-flow Model C (see Figure 3-24).

In addition to evaluating the prediction error associated with each of the models developed,
it is important to evaluate whether or not any systematic errors are introduced by using different
models as dictated by the available data and the flow conditions. As illustrated in Figure 3-25, the
flows predicted using the low-flow Stillwater models are generally within 15 percent of each other,
which is comparable to the range of Stillwater low-flow model prediction errors presented in Table
3-13. Similarly, as illustrated in Figure 3-26, the flows predicted using the high-flow Stillwater
models are all generally within 10 percent of each other, which is comparable to the Stillwater high-
flow model prediction errors. In addition, during the transition periods between high- and low-flow
conditions, i.e., late March and early May, flows predicted using the low-flow Stillwater models
compafe well with flows prediéted using the high-flow Stillwater models (see Figure 3-27). Similar
results were obtained for the Waterford models, as indicated by a comparison of Figures 3-28, 3-29,
and 3-30 with the prediction errors presented in Table 3-14. Thﬁs, it appears that no additional error

is introduced by using different models to predict flow for Water Year 1993.
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3.2.3 Fate Mechanisms

On the most basic level, the water column PCB inventory at any location is defined by the
integrated sum of all upstream sources and losses, both external and internal to the river. Regardless
of its pathway, once introduced to the river by external sources PCBs are then subject to the
geochemical process internal to the river. Excluding the external load processes, there are several
mechanisms by which PCBs can be introduced to and lost from the water column. The primary
mechanisms examined in this mass balance analysis include:

+ Simple advection

» Sediment resuspension and settling of suspended solids

» Porewater diffusion/advection

 Qas exchange

o Destruction in the water column

As indicated in the following descriptions of the PCB flux mechanisms, each mechanism
which is significant within a particular river segment will alter the congener distribution in a unique
manner consistent with the appropriate partitioning characteristics or source(s) associated with the
mechanism. Therefore, the relative importance of each of these mechanisms can be determined by

evaluating the change in water column homologue distribution across the reach.
Water Column Impacts

» For each of the water column PCB source and loss mechanisms, the manner in which it
impacts the water column is dependent on the relative partitioning of the PCBs between the
dissolved and suspended-matter phases. Specifically, PCBs are hydrophobic and tend to bind
preferentially to organic carbon present in suspended solids in the water column, dissolved in the
water column, or in the sediments on the river bottom. In the subsequent discussions, suspended and
dissolved phase PCBs will be defined by the operational definitions (i.e., suspended phase PCBs are
those PCBs retained by a 0.7 um glass fiber filter; dissolved phase PCBs are those which pass
through the filter, encompassing both truly dissolved and DOC-bound PCBs). The relative
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distribution between the dissolved and suspended-matter phases is dependent on the mass-based,
congener-specific partition coefficient, the determination of which is discussed in detail in Section
3.1. In general, the more-chlorinated PCB congeners are more hydrophobic than the less-chlorinated
congeners, and, therefore, tend to bind more tightly to suspended matter. This is a particularly
important phenomenon since it provides a tool to differentiate among the PCB gain and loss

mechanisms.

Simple Advection

The water column PCB inventory of a given river segment can be increased as a result of
simple advection of PCBs from upstream and local tributary contributions. These increases,
however, must be consistent with the homologue distributions of the sources. Similarly, PCBs can

be lost from the water column through various means, such as advective transport downstream.

[t is important to note that if an upstream input has not reached equilibrium conditions, the
increase in water column PCB loading measured in the adjacent downstream river segment may be
superimposed on re-partitioning between the dissolved and suspended-matter phases. In addition,
re-partitioning may occur upon addition of clean tributary input, i.e., input not contaminated with
PCBs, resulting in changing the concentration and nature of the suspended solids in the water
column. However, under the flow and suspended solids loading conditions measured during the
Phase 2 investigation, the theoretical magnitude of this latter re-partitioning phenomenon appears
to be largely within the uncertainty of the calculated partition coefficients (i.e., the variability of
partition coef.ticients downstream of the TI Dam does not appear systematic, see Section 3.1). Thus,
its relative importance cannot be independently determined. Because the homologue distributions
between suspended and dissolved phases associated with the mainstem water column PCB loads
were generally unaffected upon addition of clean tributary input, this latter re-partitioning
phenomenon does not appear to be important under the conditions measured during the Phase 2

investigation.

When advective transport is considered on a whole water basis, thus accounting for re-
partitioning of the congeners, the total PCB loading from the upstream input should be conserved

assuming no additional PCB input. In contrast, the relative distributions of the congeners in the
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dissolved and suspended-matter phases may change dependent upon the proximity of in situ

conditions to equilibrium.

Resuspension and Settling

PCBs can be lost from or added to the water column through settling of suspended solids and
resuspension of sediment. The distribution of homologues lost from the water column through
settling of suspended solids will reflect the homologue distribution associated with the suspended
solids. Similarly, PCBs introduced through resuspension will reflect the homologue distribution of
the surficial sediments. Either case can potentially change the homologue pattern in the water

column.

Because the more-chlorinated, hydrophobic congeners tend to bind more aggressively to the
sediment than the less-chlorinated congeners, the settling of suspended matter tends to preferentially
remove the more-chlorinated congeners from the water column. Conversely, dependent upon the
nature of the sediments, resuspension of sediment may or may not increase the content of the more-
chlorinated congeners in the water column. If largely unmodified PCBs are at the surface,
resuspension will tend to increase or maintain the fraction of more chlorinated congeners, depending
upon the similarity of the sediments to the existing water column inventory. Alternatively, if
sediments containing partly dechlorinated PCBs are resuspended (perhaps via scour of older, altered
sediments), the homologue pattern will shift toward the less-chlorinated congeners. Dechlorination
in the sediments and the likely nature of resuspended sediments are discussed in detail in Sections

4.3 and 4.4.

It is useful-at this point in the discussion to differentiate between net and gross contributions
to the water column load. As part of the Phase 2 program, PCB measurements permit the calculation
of the net PCB load gain or loss between any two sampling points. This is accomplished by simply
subtracting the PCB load at the downstream station from that of the upstream station. In this
fashion, changes in the total water column PCB load are attributed to various portions of the river.
However, the measurement of the net loss or gain does not address the gross exchange processes.

It is possible, and even likely in some cases, that gross rates of exchange between sediment and

water may dwarf the net or total PCB transport downstream. In this manner, upstream loads are
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effectively stored and replaced with PCBs generatéd within a given segment of the river. Sediment
resuspension and settling is generally considered the principal means of accomplishing such an
exchange, although sediment porewater transport may be involved as well. In this fashion. even
when loads are constant, the water column inventory can be completely replaced. Unfortunately,
it is not easy to establish the gross rates of settling and resuspension. The use of the homologue and
congener patterns can provide some clues as to the actual replacement rate but generally do not yield
them explicitly. In this analysis, it has been typically more successful to use these patterns to
establish the character of the sediments involved in sediment-water interactions rather than the gross

rates of exchange.

Porewater Diffusion/Advection

The flux of PCBs from the sediment porewater must also be considered as a potential PCB
source to the water column. Capel and Eisenreich (1990) report PCB concentrations in porewater
oles from the Great Lakes to be anywhere from 10 to 500 times greater than the corresponding
water column concentrations. These elevated concentrations suggest that PCBs may exhibit greater
mobility and biological availability within the sediment and are, therefore, a viable source of PCBs
to the overlying water column. The study by Capel and Eisenreich also suggests that the ratio
between the PCB sediment concentration and the PCB porewater concentration is a function of the
dissolved/colloidal organic carbon (DOC) in the porewater. No porewater measurements were made
during the Phase 2 sampling effort. However, an estimate of porewater DOC is available from the
sediment sampling program conducted by GE in 1991 (O'Brien & Gere, 1993b). This program
yielded composited pofewater DOC levels with a median level of 37 mg/L. and a range of 10 to 212
mg/L. The median level is seven times greater than the median Phase 2 water column level of 5
mg/L. 'GE also analyzed these composited porewater samples of PCBs although the compositing
and other sample processing techniques may have seriously affected the accuracy of the results.
These data are mentioned here only for comparison purposes due to the great concern over sample
accuracy and representativeness. As noted in Section 3.1, GE porewater results yielded a median
composited total PCB concentration of 6,430 ng/L with a range of 230 to 57,700 ng/L. These
porewater samples were obtained from composited sediments in the range of 920 (0.92 ppm) to

149,000 pg/kg (149 ppm) with a median value of 17,000 pg/kg (17 ppm).

"
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It is difficult to estimate the distribution of PCBs entering the water column as a result of
porewater diffusion and advection. As noted in Section 3.1. conditions affecting porewater
equilibrium may be quite different from those governing the water column. Water to sediment ratios
are vastly different as are the DOC levels as noted above. However, lacking other data, it may be
possible to characterize the porewater congener distribution using the partition coefficients
determined for the water column dissolved-phase and suspended matter-phase distributions without
correction for porewater DOC. An alternative means to describe the porewater PCB distribution is
to use the three-phase equilibrium coefficients derived from the Phase 2 and GE data sets. As
discussed in Section 3.1, in both instances the data are of limited usefulness in this regard. The
Phase 2 have low but consistent DOC values, thus making the estimation of the DOC dependence
- difficult. The GE data were subject to some questionable sample handling practices and exhibit a
large degree of variability in their porewater to sediment PCB concentration ratios. It is unknown
whether the variability is the result of the handling practices. While both data sets show substantive
variability and differences in the three-phase partition coefficients, they both indicate that the lighter
congeners are preferentially concentrated in the porewater relative to the heavier congeners. This
is shown in detail for a suite of 14 congeners in Tables 3-10a and 3-10b. This is consistent with the
lower two-phase partition coefficients obtained for the Phase 2 data. Unlike the three-phase
coefficient, the two-phase coefficients are available for a large number of congeners and this can be
used to calculate porewater homologue distributions for comparison to sediment and surface water.

These results are presented later in this chapter.

Gas Exchange

Gas exchange is another mechanism by which the water column PCB inventory can be
modified. This transfer of PCBs across the air-water interface is dependent on the concentration
gradient across the interface and the liquid-phase to gas-phase transfer coefficient or piston velocity

which represents the rate of transfer. That is,
Flux = Kl,(CDissol\'ed - Pcongener/Hcongener) (3_32)

where:

K, is the transfer coefficient or piston velocity in m/s;

0 3w e
[ iace)
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Cpissonvea 1S the dissolved-phase congener concentration in moles/m’;
P is the congener partial pressure in the air overlying the river, in atmospheres; and

congener

H ongener 18 the congener-specific Henry's Law constant, in atm-m’/mole.
The Henry's Law constant is comparable to the previously defined water column suspended matter-
phase to dissolved-phase partition coefficient since it represents the ratio between the congener

vapor-phase concentration, or partial pressure, and its dissolved-phase concentration.

In order to understand -how gas exchange potentially impacts the water column PCB
inventory, it is necessary to evaluate the dependence of the gas-exchange flux on congener-specific
properties. There are a variety of models which have been developed to predict the gas-transfer
coefficient. The two most common models are the stagnant film model and the Surface renewal
model. In the stagnant film model, K| is a function of the transport of the PCBs by molecular
diffusion across a stagnant water film at the air-water interface while in the surface renewal model.
the primary mechanism controlling gas exchange is the replacement of the water at the interface with

water from the bulk solution.

Neither model can be easily applied since film thickness cannot be measured directly and the
rates of surface renewal are difficult to quantify (Liss, 1983). There are, however, several empirical
models which define K| in terms of measurable parameters. In these models, K; is controlled by
shear stress introduced either by wind or by water velocity and varies as a function of the square root
of the congener-specific molecular diffusivity. However, molecular diffusivity, as determined by
Bopp (1983) does not exhibit large variation across the PCB homologue groups. Therefore, because
K, varies as the square root of molecular diffusivity, it is, for all practical purposes, independent of

congener-specific properties.

In addition, for the range of concentrations measured during the Phase 2 sampling effort, the
gas-exchange flux is dependent on the dissolved-phase congener concentration and not the
concentration gradient across the air-water interface. That is, based on an estimate of the average
urban atmospheric congener partial pressure determined by Duinker and Bouchertall (1989) and the

Henry's Law constants obtained from several sources, including Warren er al. (1987), the
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P ngene Heongener Fat10 is roughly three orders of magnitude smaller than the measured dissolvéd-phase
PCB concentrations. Therefore, tor all practical purposes, gas exchange is independent of the

PCOﬂgener/Hcongener ratio.

These findings have important implications for the impact of gas exchange on the water
column PCB inventory. Specifically, as noted above, gas exchange is driven by the dissolved-phase
congener concentrations and is independent of congener-specific properties. Therefore, a loss in the
water column PCB inventory as a result of gas exchange should result in a decrease in the relative
congener concentrations that is consistent with the ratio of their dissolved-phase concentrations. In
addition, because the less-chlorinated congeners are proportionally more prevalent in the dissolved-
phase than the more-chlorinated congeners, they are more susceptible to gas exchange than the more-
chlorinated congeners. Thus, the net effect of loss due to gas exchange is preferential removal of
the less-hydrophobic, i.e., less-chlorinated congeners, from the water column, leaving behind a water

column inventory of relatively higher chlorinated congeners.

Destruction in the Water Column

Another mechanism by which the water column congener distribution can be altered is

through destruction within the water column itself. Work by Abramowicz (1990) and Bedard (1990)

suggests that some of the less-chlorinated congeners may be affected by these processes. However,
these processes are generally poorly understood and as such, the relative importance of water column
destruction, as compared to the other fate mechanisms, cannot be determined. Based on the detailed
analysis of the Phase 2 results, presented in Subsection 3.2.5, this fate mechanism is probably limited

to the warmer months of the year.
Seasonal Dependence of Fate Mechanisms
In addition to understanding the manner in which the various fate and transport mechanisms

impact the water column PCB inventory, it is important to consider the seasonal dependence of the

various mechanisms which alter the inventory.
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Simple Advection

The seasonal dependence of simple advection of PCBs from upstream and local tributary
contributions is fairly straightforward: as flow increases, the loading rate increases. However,
because increases in flow effectively dilute the concentration of PCBs in the water column, the PCB

loading does not increase in direct proportion to the increase in flow.

Resuspension and Settling

Sediment resuspension is dependent on the flow rate and is, therefore, also seasonally
dependent. Specifically, resuspension results from shear stress imparted on the sediment particles
by the flow of the overlying water. As the flow rate increases, the stress applied to the sediment is
increased and particles deposited under lower-flow conditions may be resuspended. As the flow rate
increases, more and more particles are resuspended. Particles which can be resuspended by the
applied shear stress re-enter the water column. For fine-grained cohesive sediments (where the

_ st PCB concentrations are found), no additional significant resuspension occurs until the shear
stress is further increased by an additional increase in flow rate. Therefore, extensive sediment scour
of cohesive sediments, typically associated with high-flow events such as the spring flood, occurs
during the period of increasing flows and is completed soon after peak flows occur. Further

significant resuspension occurs only with an additional increase in flow.

While cohesive sediments are scoured to their maximum possible depth relatively quickly
in response to peak flows, erosion of noncohesive sediments may continue for extended periods
beyond peak flows. Erosion of non-cohesive sediments will continue until the remaining particles
in the surficial sediments are too large to be eroded by the existing shear stress. Erosion will cease
when the maximum possible erosion for the peak shear stress is achieved, or when shear stresses

decrease significantly in response to subsiding flows.

Porewater Diffusion/Advection

Porewater diffusion/advection varies as a function of temperature and is, therefore, a
seasonally dependent phenomenon. Specifically, the porewater flux is dependent on the sediment-
porewater partition coefficients, which are temperature-dependent. As temperature increases, the:

partition coefficients, which represent the ratio of the PCB concentration adsorbed to the sediment
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to the dissolved PCB concentration in the porewater, decrease. This temperature-driven shift in
equilibrium results in an increase in the porewater PCB concentration with respect to sediment
concentration. Conversely, a decrease in temperature increases the partition coefficients, thereby
decreasing the porewater concentration with respect to the sediment concentration. The Warren et
al. (1987) analysis of PCB partition coefficients, performed as part of the Hudson River PCB
Reclamation Demonstration Project, demonstrated a consistent temperature dependence of partition
coefficients across all congeners, with a three- to four-fold increase in the coefficient at 0°C relative
to the partition coefficient value at 25°C. The important consideration here, however, is that the
temperature dependence is consistent across all congeners, therefore the congener distribution
associated with the truly dissolved PCBs should not be temperature dependent. The presence of

“significant DOC levels in the sediment porewater serves to confound this issue, however, since both
the partition coefficient to DOC and DOC solubility itself are probably both temperature dependent.
This analysis is presented in Section 3.1.

Temperature change also impacts the viscosity of water, which in turn impacts the porewater
flow rate. Specifically, the flow rate is inversely proportional to the viscosity of the water. Over the
temperature range of 0°C to 25°C, the dynamic viscosfty of water decreases by a factor of two
(Freeze and Cherry, 1979). Therefore, based solely on viscosity considerations, the advective
porewater flow may be substantially lower during the low-temperature, winter months as in the high-

temperature, summer months, assuming constant hydraulic pressure or head.

In addition to temperature dependence, the porewater flux is likely to exhibit seasonal
variation as a result of variation in the groundwater hydraulic head. That is, according to Darcy's
Law for flow through porous media, flow is directly proportional to the hydraulic head across the
media (Freeze and Cherry, 1979). Therefore, an increased hydraulic head, as would be expected
during the late spring when the water table remains high due to saturated soils but flows are
relatively low since the spring thaw has occurred, should result in a greater porewater flux than is

observed in the winter or in the summer under low-groundwater table, low-flow conditions.

No measurements were taken during the Phase 2 sampling period to quantify the magnitude

of the seasonal variation in hydraulic head. Therefore, the net effect of seasonal variation in
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temperature and groundwater hydraulic head on the relative magnitude of the porewater flux is
unclear. However, based on consideration of both temperature and groundwater head variation, it
is likely that the porewater flux is more important in the spring under low-flow, high-groundwater
table conditions than other times of the year when low-flow, low-groundwater table conditions are

prevalent.

Gas Exchange

Gas exchange is also a seasonally dependent phenomenon. Specifically, during the winter

months when ice cover is extensive, the effective gas-exchange rate is reduced to near zero.

In addition, gas éxéhange does exhibit some degree of seasonal variation as a result of the
seasonal dependence of the gas-transfer coefficient, K;. As was noted previously, there are several
empirical models which define K, in terms of measurable parameters. Three empirical models of
K, are evaluated here to estimate potential seasonal variation in the gas-exchange rate under different
flow regimes. The Hartman and Hammond model (1985) assumes gas exchange is driven by wind
shear. This model is appropriate for predicting K; under low-flow conditions where wind-driven gas
exchange is likely the dominant gas-exchange mechanism. The O'Connor and Dobbins (1958)
model assumes gas exchange is driven by shear induced by water velocity. This model is
appropriate for predicting K; under high-flow conditions where water velocity-driven gas exchange
is likely the dominant mechanism. Both of these gas-exchange mechanisms are likely important in
the Upper Hudson in the reaches between the dams. In addition, a model developed by Cirpka et
al. (1993) for gas exchange at waterfalls is evaluated to assess the potential seasonal dependence of

gas exchange across the dams in the Upper River.

Hartman and Hammond (1985) developed the following empirical model for wind shear-

driven gas exchange:
Ky = Ry¥(Dy50) (U, )*? , (3-33)

where:

D50 is the molecular diffusivity at 20°C in m?/s;

3-55 TAMS/Cadmus/Gradient



U, 1s the wind speed 10 meters above the air-water interface in m/s; and
Ry 1s the unitless ratio of the kinematic viscosity of pure water at 20°C to the kinematic

viscosity of water at the measured temperature and salinity.

In this model, K| is dependent on the seasonal variation of wind speed and water viscosity.
However, the seasonal variation in wind speed is compensated for by the temperature variation of
the water. Specifically, variation in wind speed, as reported by the USAFETAC Air Weather
Service at the Albany County Airport in Albany, corresponds to a factor of two variation in K; with
a maximum in March/April and a minimum in August. In comparison, K; increases by
approximately a factor of two between 0°C and 25°C as a result of the temperature dependence of
water viscosity. When the wind speed is at its minimum during the late summer, Ry, is at its
maximum due to the high temperature. Conversely, during early spring, wind speed is at its
maximum while relatively low temperatures result in an increased water viscosity and decreased R,
Thus, the net seésonal impact on K, is less than the factor of two variation associated with the
independent seasonal variation of wind speed and viscosity. It is important to note that because K
does not exhibit significant seasonal variation, the relative impact of the gas-exchange flux on the
water column PCB inventory will vary inversely with water transit times in the Upper Hudson with

a minimum effect under high-flow conditions.

O'Connor and Dobbins (1958) developed the following empirical model for gas exchange

driven by water velocity-induced shear stress,
K, <« (D, *Vw/H)" (3-34)

where:
D_, is the molecular diffusivity in m*/s;
V., is the bulk water velocity in m/s; and

H is the average channel depth in m.

In this model, K; is dependent on the seasonal variation of water velocity, mean channel

depth, and water viscosity. The dependence on water viscosity is not explicit in the above equation
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but is based on the assumption that, as in the Hartman and Hammond model, the square root of the

molecular diffusivity varies as the ratio of water viscosity at 20°C to water viscosity at ambient

temperature.
- Using the O'Connor and Dobbins model, an increase in Fort Edward flow from 3,000 cfs to
m 30,000 cfs yields a two-fold increase in the gas-exchange flux at constant temperature based on
o estimated increases in average Upper River velocity and average channel depth. However, as was
m noted in the evaluation of the seasonal dependence of K, , defined by the Hartman and Hammond
- model, the viscosity ratio increases by approximately a factor of two between 0°C and 25°C. Thus,
l because high-flow, spring-flood conditions are accompanied by low water temperatures and low-
™ flow summer conditions are accompanied by high water temperatures, it appears that for a ten-fold
i increase in flow, the impact of the seasonal variation in flow on the velocity-driven gas-exchange
- rate is compensated for by the impact of the seasonal variation in temperature. As was noted in the
- " -ation of seasonal impact on wind-driven gas exchange, because K; does not exhibit significant
seasonal variation, the relative impact of the gas-exchange flux on the water column PCB inventory
will vary inversely with flow.
o
Cirpka et al. (1993) developed the following model for gas exchange at river cascades,
K = Q*(1-e“"4?) (3-35)
‘‘‘‘‘ where:
— Q is flow in m’/s;
- " C is an empirical constant in m™'; and
i Az is the difference in water level across the dam in m.
o In this model, K is dependent on the seasonal variation in flow as well as the corresponding
change in water elevation across the dams. However, because the total change in the water elevation
- across the dams in the Upper River does not vary significantly with flow, K, varies in direct
) proportion to flow. That is, a ten-fold increase in flow results in a ten-fold increase in K. .
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Therefore, unlike wind- and water velocity-driven gas exchange within the reaches between the

dams, the relative importance of gas exchange across the dams is constant regardless of flow.

Destruction in the Water Column

As noted previously, the destruction of PCBs within the water column is a poorly understood
phenomenon. However, it is likely that this phenomenon is biologically driven (Bedard, 1990;
Abramowicz, 1993). As a result, it would be anticipated that these process would have a minimum
effect in winter and a maximum effect in late spring or summer, based on the general correspondence

of biological activity to temperature.

3.2.4 Conceptual Model of PCB Transport in the Upper Hudson

As discussed in Section 3.2.3, there are many processes which can-affect the water column
PCB inventory. For this reason and in keeping with the technical approach discussed in Section 1.3,
the conceptual model used here is a relatively simple one where advection is the primary mechanism
for overall PCB transport. By examining PCB loads at each monitoring point in a sampling event,
the effects of dilution of the water column inventory by clean tributaries are eliminated and net
changes in load represent the results of PCB sources and sinks. Other mechanisms are invoked only
when needed to explain the changes in PCB inventory. However, the curreént knowledge of the
magnitude of many of these processes is relatively poor. Thus, there is little basis to provide an

independent estimate of the size of each process.

3
%

Because of this uncertainty, identification of these sources and sinks is based largely on

congener and homologue pattern matching, essentially using the PCB results to “fingerprint” the
load changes. Changes in total load as well as PCB pattern are matched to known sources and sinks
in a region so as to assign the load change (i.e., the flux) to the most likely process or source. In this
manner, many sources or mechanisms can be ruled out as being unimportant since they would serve
to alter the load and PCB pattern in ways not compatible with the noted changes. Although it is
theoretically possible that some combination of sinks and sources could combine to produce some
of the load and pattern changes seen in the river, the approach taken here will be to explain these

changes in the simplest manner, i.e., with the fewest number of processes, sinks and sources.
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As will be shown, PCB patterns in the river appear to be ultimately derived from a single
source, i.e., the GE facilities at Ft. Edward and Hudson Falls. These facilities represent the first
major input to the Upper Hudson. Gains in water column PCB load below Ft. Edward are attributed
to the sediments which represent a large inventory of PCBs readily available to the water column.
The sediment PCB contamination is derived from the GE source area with subsequent changes in
congener pattern produced by in situ processes such as anaerobic dechlorination. PCB transport
from the sediments can be attributed to sediment resuspension and porewater exchange. When gains
in PCB load are accompanied by large changes in suspended solids load, resuspension of
contaminated sediments is the likely transport mechanism. However, when no change in suspended
solids load is evident, either or both of these processes may be involved since the congener pattern

of the flux from the sediments is not easily separated into these two components.

The general construct for the conceptual model for water column PCB transport applicable

to the Phase 2 study period involves the following:
e Essentially no PCB load is generated above Bakers Falls (i.e., background = 0).

° PCB loads in the Upper Hudson River are ultimately derived from a single source (i.e., the
GE facilities) either by direct input (including groundwater seepage) or by re-release from

the sediments (via sediment resuspension or porewater exchange).

° The GE facilities at Hudson Falls and Ft. Edward generate a substantive but variable PCB
load whose congener pattern is principally derived from Aroclor 1242 with smaller amounts

. of Aroclors 1254 and 1260.

L Downstream of Ft. Edward, a substantive PCB load originates from the sediments of the TI

Pool via resuspension and/or porewater exchange.

o Downstream of the TI Dam during the cooler months (January to June), the river appears to

carry its load to Waterford without modification (i.e., no substantive loss or gain in PCB load
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or homologue pattern). Thus, during this period. there are no substantive PCB fluxes other

than advection downstream of the TI Dam.

] Downstream of the TI Dam during the summer (July to September), a relatively small load
gain (25 percent) occurs. At the same time, the water column homologue pattern gradually
changes downstream of the TI Dam. Specifically, the monochloro- and dichlorohomologues
gradually decrease relative to the rest of the PCB homologues. The load gain is attributed
to input by the sediments by either resuspension or porewater exchange. The reason for the
noted change in homologue pattern is less certain and may be due to biological destruction
within the water column. Alternatively, this pattern change may result from more extensive
exchange between the water column and sediments than is indicated by the small net gain
in PCB load. Gas exchange or some combination of all these processes may be responsible |

as well.
3.2.5 River Characterization

For the purpose of characterizing the mass transport of PCBs in the Upper Hudson River, the
Upper River has been divided into a series of seven segments, the end-points of which afe coincident
with water column sampling stations. Refer to Plate 1-2 for the locations of the sampling stations.
In each of these segments, the potential sources of PCBs to thé water column are identified as are
the important mechanisms by which the water column PCB inventory may be altered. References
to permitted PCB releases to the Hudson are based on the information presented in the Phase 1
Report (TAMS/Gradient, 1991). Additional information concerning these discharges is presented
there. Table 3-15 provides a summary of the data compiled by NUS for USEPA (NUS, 1984). The
table summarizes data obtained by Tofflemire and Quinn (1979) and Tofflemire (1980) for

NYSDEC. These reports are referenced in this section in regards to sediment PCB inventory.

The first river segment extends from RM 199.5 at Glens Falls to RM 197.2 at the Fenimore
Bridge upstream of Bakers Falls. (During many sampling events, monitoring was conducted slightly
upstream of the Fenimore Bridge at approximetely RM 197.6; for purposes of this analysis, no

distinction between the two locations is made.) The PCB levels measured within this river segment,
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as part of the Phase 2 study, are typically quite low, less than 10 ng/L. representing the background

level PCB contribution to the downstream segments.

The second river segment extends from the Fenimore Bridge to RM 194.6 at the northern tip
of Rogers Island. Within this section, the primary source of PCB input to the water column appears
to be the GE Hudson Falls facility located near Bakers Falls. The exact composition and loading
characteristics of the GE source from this area are currently unknown. However, its relative
contribution to the overall PCB mass transport can be estimated by noting its congener/homologue
pattern. In this analysis it is assumed that the GE source is similar in congener’/homologue
composition to the Transect 1 sample collected at RM 195.5 in the Remnant Deposit area, which is
less than 1.5 miles downstream of the facility (see Figure 3-31). This sample had a total PCB
concentration that was higher than that measured in any of the other transect studies. No change in
fotal suspended solids was measured between the background station and the sample collected at RM
195.5 during Transect 1 implying that no substantive se.” spension had occurred. Because
the sample was relatively concentrated and was not associated with a resuspension event, it is likely
that it represented an unaltered PCB release from the GE Hudson Falls facility and, therefore, should
be representative of the homologue distribution of the GE Hudson Falls source. Although this
sample was relatively concentrated at 252 ng/L, it was well below the solubility limit for Aroclor

1242 which is approximately 300,000 ng/L. (MacKay et al., 1992).

As discussed in Section 2.2.1 of this report, this segment also includes the SPDES-permitted
discharge from the GE Fort Edward Plant. This discharge was estimated to be approximated
0.00026 kg/day of total PCBs during the period 1991-1994. Also, contaminated sediments at the
GE Fort Edward outfall and contaminated groundwater/seeps from this area may have also

contributed to the Upper River load.

According to the Feasibility Study for the Hudson River PCBs Site prepared for USEPA by
NUS Corporation (1984), the sediment in this river segment contains approximately 1 percent of the
total PCB mass in the Upper River. Thus, the sediment is a potential, although likely minor, source
of PCBs to the water column. In addition, this river segment includes the Remnant Deposit area

which, although capping of several of the more contaminated deposits was completed in 1990 as part

-
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of the GE Remnant Deposits Containment Project, may also contribute PCBs to the water column
via movement of groundwater through the remnant deposits, sediment resuspension and porewater

diffusion/advection.

The third river segment extends from the northern tip of Rogers Island to RM 188.5 at the
TI Dam and includes the TI Pool. The TI Pool is of particular concern since, according to
Tofflemire (1980) as summarized in the NUS Feasibility Study, the TI Pool sediment contains
approximately 40 percent of the total mass of PCBs in the Upper River. In addition, according to
Tofflemire and Quinn (1979), the TI Pool sediment contains approximately 60 percent of the total
PCB mass contained in the Upper River hof spots, i.e., those regions with a mean PCB concentration
greater than 50 mg/kg. Thus, the TI Pool sediment is a potentially important source of PCBs to the

water column via sediment resuspension and porewater diffusion/advection.

Within this river segment, the Snook Kill and the Moses Kill enter the river and provide a
combined flow contribution of approximately 3 percent of the total flow at the TI Dam based on
drainage basin area considerations. The Moses Kill likely provides some PCB input to this river
segment since leachate from the Fort Miller Landfill site used by GE was discharged to an unnamed
tributary of the Moses Kill although historical (1992) SPDES requirements state that this discharge
be less than 0.5ug/L total PCBs. Samples were not collected from the Moses Kill and Snook Kill
and, as a result, the exact nature of their PCB and suspended-matter contributions is unknown.
However, because their combined flow contribution is roughly 3 percent of the total flow at the T1

Dam, their relative contributions to the PCB inventory are most likely small.

* Within this river segment, the large PCB inventory in the sediments can modify the water
column PCB inventory via sediment resuspension and settling. These processes modify the PCB
inventory by removing PCBs sorbed to settling suspended matter and adding PCBs associated with
surface sediments. Because resuspension will not necessarily add the same particles lost by settling,
the water column PCB inventory changes. When the rate of sediment resuspension is greater than
that of settling (i.e., gross sediment addition via resuspension is greater than gross suspended matter
loss via settling), net resuspension occurs. The importance of net resuspension in altering the PCB

inventory is likely minor since the net gain in suspended solids load across the TI Pool, as presented
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in Figures 3-32 through 3-35, is typically small, even during high-flow events, and is probably
within measurement error. Any true gain in suspended matter across this reach is likely the result
of minor sediment resuspension or inflow of suspended matter from the Moses Kill and the Snook
Kill. As mentioned previously, inflow from the tributaries should not significantly alter the
homologue distribution across the reach. Alternatively, gross settling and resuspension may serve
to transport a significant PCB load by the replacement of the relatively less contaminated suspended
matter with the more contaminated sediments of the TI Pool. This phenomenon should increase with
increasing flow; i.e., greater flow yields greater excﬁange because more energy is available to
suspended larger particles, thus increasing resuspension while larger particle settle faster than
smaller ones, thus increasing the settling rate. Resuspension and settling appear to be limited in the
TI Pool since the larger flow events, Transect 1 and Flow-Averaged Event 1, indicate that the load
generated above Rogers Island is transported relatively unaffected through the TI Pool. Conversely,
low flow conditions show a substantial increase in PCB load across the Pool accompanied by a
distinct change in homologue pattern suggesting that an alternative mechanism, such as porewater

movement, may be involved in the transport of PCBs from the sediments to the water column.

In porewater movement, water from within the sediments of the river bottom is displaced and
added to the overlying water column. This generally occurs via infiltration of groundwater.
Porewater exchange occurs via diffusion through the porewater to. the water column with little

movement of the porewater itself.

The sediments of the TI Pool present a range of concentrations and congener patterns which
can potentially impact the water column. A range of sediment PCB homologue distributions were
measured during the Phase 2 high-resolution sediment coring program in the near surface sediment
(0-8 cm). Any of these sediments may be available to impact the water column PCB load within this
reach as a result of resuspension or porewater diffusion/advection. One end of the range is
represented by a relatively unaltered PCB mixture, similar to the Aroclor 1242-like source
originating from the GE Hudson Falls facility. This PCB distribution is represented in diagram A
of Figure 3-36. This pattern is similar to the homologue pattern for the GE Hudson Falls source
shown in Figure 3-31. The other end of the range consists of those PCB mixtures where significant

dechlorination has occurred. The typical homologue pattern for these sediments is shown in diagram

-
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F of Figure 3-36. For these sediments, the contribution of mono- and di-substituted congeners is
substantially increased, with respect to the\ first sediment type. while the contribution of the more-
chlorinated congeners is decreased. This shift is indicative of alteration of the sediment PCB
inventory due to dechlorination of the more-chlorinated congeners. The remaining diagrams on
Figure 3-35 show increasing degrees of dechlorination moving from diagrams A to F. Both
dechlorinated and relatively unaltered sediments can be found at the surface as well as at shallow
depths. Porewater concentration derived from these sediments are shown in the diagrams of Figure
3-37. These porewater patterns are estimated using the congener-specific two-phase water column
partition coefficients discussed in Section 3.1. When individual congener partition coefficients are
unavailable, the median coefficient for the homologue group was used in the calculation. After
calculating the individual congener porewater concentrations, the results were summed into
homologue groups to produce the diagrams shown in Figure 3-37. For all sediment types, the
concentration of the mono- and dihomologue peaks are enhanced relative to the heavier groups. As
will be discussed later in this section, these patterns are similar to those seen in the water column at

the TI Dam. Dechlorination of PCBs within Hudson River sediments is discussed in Section 4.3.

The next major river reaches, as defined by dam locations, extend from the TI Dam to the
Lock 6 - Fort Miller Dam and from the Lock 6 - Fort Miller Dam to the Lock 5 - Northumberland
Dam, respectively. There are no major tributaries that enter the river within these reaches. Because
there are no sampling points between RM 188.5 at the TI Dam and the sampling point at RM 181.3
near Schuylerville, which is located approximately two miles downstream of the Northumberland
Dam, these reaches and the stretch of river between the Northumberland Dam and the Schuylerville

sampling point are combined to form the fourth river segment analyzed.

Within the last portion of this fourth river segment, the Batten Kill enters the Hudson River
just upstream of the Schuylerville sampling point and provides approximately 13 percent of the total
flow at Schuylerville based on drainage basin area considerations. The Stevens & Thompson Paper
Company, Inc., located in Greenwich, is permitted to discharge a daily maximum loading of 0.00054
pounds per day of Aroclor 1242 into the Batten Kill. Despite this source, the PCB levels measured

in the Batten Kill as part of the Phase 2 sampling effort are typically quite low.
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Accdrding to Tofflemire (1980), the sediment within this river segment contains
approximately 22 percent of the total mass of PCBs in the Upper River. In addition, according to
Tofflemire and Quinn (1979), the sediment contains 23 percent of the total PCB mass contained in
the Upper River kot spots. Thus, the sediment within this river segment is a potential source of

PCBs to the water column via sediment resuspension and porewater diffusion/advection.

As was noted for the upstream river segments, the relative contribution of sediment
resuspension to the PCB inventory is most likely minor. That is, as illustrated in Figures 3-32
through 3-35, there is no unequivocal evidence of scour within this reach. Any increase in
suspended-matter loading is the result of inflow of sﬁspended matter from the Batten Kill. The
surficial sediment samples and the water column samples collected in the Batten Kill as part of the
Phase 2 study exhibited PCB concentrations at least ten times less than those in the mainstem
Hudson. Based on this, inflow from the Batten Kill should not impact the water column PCB

inventory.

The fifth river segment examined extends from the Schuylerville sampling location to the
Stillwater sampling location at RM 168.2, just upstream of the Stillwater Dam. The Fish Creek
enters the Hudson River just downstream of the Schuylerville sampling point and provides
approximately 8 percent of the total flow at Stillwater based on drainage basin area considerations.
There are no known facilities which are permitted to discharge PCBs into the Fish Creek or into the

Hudson River within this reach.

According to Tofflemire (1980), the sediment within this reach contains approximately 15
percent of the total PCB mass in the Upper River. In addition, according to Tofflemire and Quinn
(1979), the sediment within this segment contains approximately 3 percent of the total PCB mass
contained in the Upper River hot spots. Thus, as noted for the upstream river segments,
resuspension and porewater diffusion/advection are potential mechanisms by which the water

column PCB inventory may be altered.

The resuspension of sediment appears to have been a potentially important source of PCBs

‘to the water column during Transect 3, although it is dwarfed by the much larger scour event
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downstream as illustrated in Figure 3-33. The net gain in solids within this reach during the other
transect and flow-averaged events is relatively minor and may be due to suspended matter inflow

from the Battenkill and Fish Creek and. as such. should not alter the PCB inventory.

Possible sources of uncertainty in estimating the PCB and suspended solids load gains in this
reach include the PCB and suspended solids load estimates made for the Schuylerville station. As
discussed above, potential incomplete mixing of water from the Batten Kill at this station will serve
to overestimate the PCB load and underestimate the suspended solids load at Schuylerville, based
on the high suspended solids and low PCB load associated with the Batten Kill. These inaccuracies

may result in apparent changes in the water column loads for this reach.

The sixth river segment analyzed extends from the Stillwater sampling location to the
Waterford sampling location which is located at RM 156.6, just upstream of the Mohawk River
confluence. This segment contains several reaches which are sevarated by the dams associated with
Lock 3, Lock 2, and Lock 1. However, because there are no sampling stations between Stillwater
and Waterford, no additional resolution is gained by dividing the sixth segment coincident with the

dam-separated reaches.

The Hoosic River discharges into the Hudson River approximately one mile downstream of
the Stillwater Dam and provides approximately 15 percent of the total flow at Waterford based on
drainage basin area considerations. The Hoosic River is a potential source of PCBs to the Hudson
River since the Columbia Corporation located in North Hoosic is permitted to discharge PCBs at a
daily average concentration limited to the minimum reliable detection limit based on USEPA
Method 608. Also, as noted in the Phase I Report (TAMS/Gradient, 1991), the sprague Electric
Company in Massachusetts was permitted to discharge minor amounts of PCBs‘to the Hoosic River.
Measured PCB levels in the Hoosic River were generally similar to those found in the Batten Kill

and as such are not expected to represent a substantive flux to the Upper Hudson.

According to Tofflemire (1980), the sediment within this reach of the Hudson contains
approximately 16 percent of the total PCB mass in the Upper River. In addition, according to

Tofflemire and Quinn (1979), the sediment within this reach contains approximately 12 percent of
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the total PCB mass found in the Aot spots in the Upper River. Thus, the sediment is a potential

source of PCBs to the water column via resuspension and porewater advection/diffusion.

The resuspension of sediment appears to be an important source of PCBs to the water column
during Transect 3. While the net suspended solids gain across this river segment is significant
regardless of the flow rate, as shown in Figures 3-32 to 3-35, it is principally the result of the Hoosic
River’s suspended solids contribution. Only during Transect 3 is there unequivocal evidence of
sediment scour within the segment. This scour should alter the water column homologue distribution
in a manner consistent with the associated surficial sediments while input from the Hoosic River
during other times of the year should largely serve to dilute the water column concentration and

make only minor contributions to total PCB load.

The final (seventh) river segment in the Upper Hudson River extends from Waterford to RM
153.0 at the Green Island Bridge, which is just downstream of the Federal Dam at Troy. The major
tributary within this reach is the Mohawk River, which provides approximately 43 percent of the
flow at the Green Island Bridge based on drainage basin area considerations. Flow at the Green
Island Bridge was calculated as the sum of the predicted Waterford flow and the USGS-measured
Mohawk River flow at Cohoes, which is approximately two miles upstream of the confluence with
the Hudson River. There are no known facilities which are permitted to discharge PCBs into the
Hudson River within this river segment. Based on Phase 2 sampling, the contribution by the
Mohawk to the total PCB load is minor but not insignificant. The magnitude of this load is

discussed later in this Chapter.

"The proximity of the Mohawk confluence with the Green Island Bridge sampling point may
preclude complete mixing of the Mohawk River discharge with the Hudson River. As a result, the
Green Island Bridge sample may not always accurately reflect the dilution and inventory

contributions of the Mohawk River.

According to Tofflemire and Quinn (1979), there are no PCB hot spots within this river
segment. However, according to Tofflemire (1980), the sediment within this river segment does

contain approximately 4 percent of the total PCB mass within the Upper River. Thus, résuspension
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and porewater diffusion/advection are potential mechanisms by which the water column PCB

inventory may be altered.

Within this river segment, the relative importance of resuspension in altering the water
column PCB inventory is likely minor. Although, as illustrated in Figures 3-32 through 3-35, the
net solids gain between Waterford and Troy appears to be significant under both low- and high-flow
conditions, this increase is likely the result of suspended solids contribution by the Mohawk River.
Based on the Phase 2 results, the water column PCB load from the Mohawk during low flow
conditions was usually less than 3 percent of that for the Upper Hudson. During high flow event in
which a one in 100 year flood event occurred on the Mohawk (Transect 4) the Mohawk’s
contribution was 20 percent of that from the Upper Hudson. Based on this, as well as the results
from sediment cones presented later in this chapter, the Mohawk is not expected to substantively
affect the water column PCB inventory in the Lower Hudson. [t should be noted that the Phase 2
water data available for this reach are limited since only during Transects 1, 4, and 6 were samples
collected at the Green Island Bridge. However, the high resoluti(?n sediment cores compensate for

the small water sample data set.

3.2.6 Mass Load Assessment

As a part of the examination of the Phase 2 data, PCB mass loads were calculated and
compared among stations for each of the transects and flow-averaged events. Water column
Transects 1, 3, 4, and 6 were selected for detailed analysis as representative measures of seasonal
PCB fate and transport. The Flow-Averaged Events 1, 2, 3, 5, and 6, which temporally correspond
to some of these transects, are also included in the analysis to provide verification that the
instantaneous conditions measured in the transects are representative of longer-term transport
characteristics. The remaining sampling events, Transects 2, 5 and 8 and Flow-Averaged Event 4
are not presented here because they largely duplicate the results seen in the other events. However,
the data obtained from these events are included in calculations presented in this report as

appropriate.
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Winter - Low-Flow Conditions

Transect 1 was conducted during late January and early February 1993 and represents PCB

fate and transport characteristics associated with low-temperature, low-flow, winter conditions.

“During this transect, much of the Upper River was covered with ice.

As can be seen in Figure 3-37, there is no significant PCB input to the water column
upstream of RM 197.2 at the Fenimore Bridge. However, there is a large PCB loading to the water

column between the Fenimore Bridge and RM 194.5 at the northern tip of Rogers Island.

The PCB input within this segment based on the sample collected at Rogers Island is
consistent with the GE Hudson Falls facility source measured in the subsequent Phase 2 water
column sampling efforts as it is dominated by the suspended-matter phase. However, the sample
is not consistent with the GE Hudson Falls source homat- "stribution, characterized by the
highly-concentrated Transect 1 sample collected at RM 195.8 near the Remnant Deposit area (see
Figure 3-31). In addition, it is not consistent with the subsequent downstream samples or with any
other measurements taken anywhere.in the Hudson River during the water column transects and
flow-averaged events. Thus, it appears that both the homologue distribution and the apparent
magnitude of the loading were in some way affected by the ice-cover conditions which persisted
during sampling. Alternatively, field or laborétory alteration may have modified the sample result.

As a result, this sample was excluded from further analysis.

The GE Hudson Falls source makes a significant contribution to the water column load above
Rogers Island. However, as can be seen in Figure 3-38, an additional source, which substantially
increases the dissolved-phase PCB concentration and has a homologue pattern distinct from that
exhibited by the GE Hudson Falls source, is introduced to the water column PCB inventory between
Rogers Island and the TI Dam (RM 188.5). The TI Dam sample has a homologue pattern similar
to the homologue distributions found associated in the sediments and their porewater from the TI
Pool sediment. Figure 3-37 shows different porewater homologue distributions based on the high

resolution sediment core PCB distributions shown in Figure 3-36. While these core results cannot

“be extrapolated to infer surficial concentrations throughout the TI Pool sediments, they can be
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considered examples of the types of congener and homologue distributions found in TI Pool
sediments. The porewater mixtures were determined using the congener specific two phase partition
coefficients developed from the Phase 2 water column data as presented in Section 3.1. In
comparing Figure 3-38 with Figures 3-36 and 3-37. it is clear that the load at TI Dam is largely
derived from the sediments and is relatively unrelated to the homologue pattern seen above Rogers
Island (see Figure 3-31). Based on the similarity to sediment and porewater homologue
distributions, it appears that either sediment resuspension or porewater may be responsible for this
load. Evidence for this exchange will be examined for each of the water column sampling events
presented here. Although the exact magnitude of the TI Pool source cannot be quantified in this
transect as a result of the discrepant Rogers Island sample discussed above, the Pool source appears
to provide the majority of the PCB input to the water column at the TI Dam. This conclusion is
based on the observed shift of the PCB burden from the suspended-matter phase to the dissolved
phase as well as the shift in homologue pattern to one consistent with the properties of TI Pool

dechlorinated sediment.

As can be seen in Figure 3-38, the Batten Kill makes a very minor contribution of PCBs to
the water column. This input is presented in Figure 3-39 and is largely dominated by the penta- and
hexa-chlorinated congeners. However, its total load is so small that it has little effect on the

homologue pattern as seen in the similarity between the TI Dam and Schuylerville station patterns.

In support of the absence of Batten Kill input, there is essentially no change in the total\water
column PCB load between the TI Dam and Schuylerville. While there is a very slight shift in the
homologue distribution, this variation is within flow prediction and analytical measurement
uncertainty. Thus, there appears to be no additional source within this river segment durihg this time

period.

Continuing downstream in Figure 3-38, the water column PCB inventory is largely conserved
between the TI Dam and Waterford at RM 156.6. While there is an apparent 18 percent increase in
total PCB load, this apparent increase is not accompanied by a change in the homologue distribution.
Given the uncertainties in analytical measurement and flow prediction, this apparent load increase

is considered to be within measurement error.

3-70 TAMS/Cadmus/Gradient

e,

iy



i

=
P

4

g

The water column load measured at RM 153.0, at the Green Island Bridge at Troy, is
comparable to the sum of the load measured at Waterford and the load introduced by the Mohawk
River. However, the homologue distribution is slightly skewed towards the more-chlorinated
homologues, which suggests local sediment exchange as a PCB source. The mass balance of
suspended solids presented in Figure 3-32 does not support scour as a source mechanism in Transect
1 since the net gain in suspended solids is consistent with the suspended solids introduced by the
Mohawk River. Thus, the cause of this apparent shift in the PCB homologue distribution is unclear.
It is important to note that during Transect 1 the Grecn Island Bridge sample was collected near the
eastern shore due to ice cover conditions on the river. For Transects 4 and 6, however, samples were
collected from the center of the River. These latter samples did not exhibit any shift in congener
distribution, which suggests that the shift in homologue pattern measured during Transect 1 may

be the result of local sediment conditions surrounding the sampling location.

In summary, the PCB fate and transport trends observed during Transect 1 are, in general,
similar fo those observed during the subsequent low flow transect and flow-averaged sampling
events. Specifically, the load at the TI Dam appears to be derived from the sediments and porewater
of the TI Pool. In subsequent transects, it will be evident that this source (the TI Pool sediments)
provides the majority of the input during low flow conditions as is evidenced in the substantial
increase in PCB load, in the shift of the PCB burden from the suspended-matter phase to the
dissolved phase and in the shift in homologue pattern to one consistent with TI Pool sediment and
porewater. The exact magnitude of the TI Pool source during Transect 1 cannot be quantified as a

result of the discrepant Rogers Island sample.

p In addition, the homologue distribution of the water column inventory is essentially constant
between the TI Dam and Waterford. Thus, between the Fenimore Bridge and Waterford under low
flow conditions, the TI Pool source provides the bulk of the PCB input to the water column.
However, between Waterford and the Green Island Bridge at Troy, there is a minor decrease in load
accompanied by a shift in the homologue distribution. The cause of this homologue pattern is
unknown but is believed to be the result of a very localized condition since it isbnot seen in

subsequent samples from this station.
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Early Spring - Transition between Low-Flow and High-Flow Conditions

Transect 3 represents the PCB fate and transport characteristics associated with the transition
period between low-flow, spring conditions and high-flow, spring conditions. At the start of the
sampling event, the Upper River exhibited typical early-spring, low-flow conditions. However,
during the sampling period, the flow in the Batten Kill and the Hoosic River increased substantially

due to the onset of the spring thaw and accompanying snow melt.

As a result of the sharp transition from low- to high-flow conditions, the Batten Kill,
Schuylerville and Hoosic River samples were taken during the low-flow conditions, while the
Stillwater and Waterford samples and an additional Hoosic River sample were taken during the high-
flow conditions. Because the first Hoosic River sample was taken prior to the onset of the high-flow
event, it does not represent the acfual tributary input to the Waterford sample. Similarly, the second
Hoosic River sample (total suspended solids only), which was taken after the Waterford sample. may
not be representative of the actual tributary input present in the Waterford sample. In addition, the
sampling time for each station was determined based on Fort Edward flow, the conditions at the start
of the transect, and drainage basin area calculations. The sampling time did not compensate for the
unforeseen increase in Battén Kill and Hoosic River flows and, as a result, the Sﬁllwater and
Waterford sample measurements do not correspond to the same parcel of water measured at the
upstream stations. Nonetheless, the transect samples still reflect relatively consistent conditions in

the Upper Hudson.

As can be seen in the summary of the Transect 3 loading in the Upper River (see Figure 3-
40), there is no appreciable PCB input to the water column upstream of RM 197.2 at the Fenimore
Bridge. There is, however, a relatively small increase in the PCB loading to the water column
between the Fenimore Bridge and RM 194.5 at the northern tip of Rogers Island. The homologue
distribution associated with this source is consistent with the GE source as characterized by the
Transect 1 Remnant Deposit area sample, i.e., the tri- and tetrachlorobiphenyls are most important
and the monochlorobiphenyls are not present (see Figure 3-31). Although it is not included in Figure

3-40, the sample collected at RM 195.8 in the Remnant Deposit area exhibits the same homologue
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distribution measured at Rogers Island. This suggests the absence of an additional PCB source

between the Remnant Deposit area sampling station and Rogers Island.

The overall importance of the Fenimore Bridge to Rogers Island river segment is minor as
compared to the water column load associated with the TI Pool as there is a five-fold load increase
between Rogers Island and the TI Dam. The homologue pattern associated with the TI Pool source
is very similar to the TI Pool homologue pattern measured in Transect 1. That is, it is generally
similar to the homologue patterns of dechlorinated TI Pool sediment at a depth of 0 to 8 cm or
perhaps with porewater generated by any TI Pool sediments (see Figures 3-36 and 3-37). This TI
Pool source produces a water column mixture which is dissolved-phase dominant as a result of the
shift to the less chlorinated homologues, with lower partition coefficients. In comparing Figure 3-40
with 3-38 at the TI Dam, it is evident that the Transect 3 TI Dam mixture contains a greater fraction
of the lighter congeners. This suggests that the load generated in the TI Pool during Transect 3 was

e

larger than that seen in Transect 1. The total load at t* ~vas approximately 1/3 larger in
Transect 3 than Transect 1 but the net load from the Pool during Transect 1 could not be determined.
Alternatively, it is possible that the load from the TI Pool sediment was more dependent on
porewater transport or that sediment resuspension involved sediments more altered than those shown

in Figure 3-36 during this sampling event.

As can be seen in Figure 3-40, the PCB loading between the TI Dam and Schuylerville
remains essentially constant both in magnitude and in homologue pattern, suggesting conservative
PCB transport between the two stations. However, at the next station, Stillwater, the PCB load has
doubled while the homologue pattern was left largely unchanged. In this instance, it is likely that
the increased load is due in part to the large increase in Batten Kill flow which took place in between
the collection of the Schuylerville and Stillwater transects. Note the large difference in flow between
the stations. This increase in flow would serve to increase the suspended solids inventory as noted
in Figure 3-33 by the addition of “clean” suspended solids from the Batten Kill as well as
resuspension of contaminated sediments from the river bottom. In either case, the homologue
distribution should shift toward the suspended matter fraction as the PCB load would equilibrate
with the increased suspended solids inventory. This is evident in the Stillwater diagrams in Figure

3-40. The absence of a large change in overall homologue pattern, however, indicates that most of

3-73 TAMS/Cadmus/Gradient

3 g R N
PR LA A5

2
A



this shift is probably the result of addition of clean suspended solids from the Batten Kill. Figure

3-41 shows the probable mean homologue pattern for the Batten Kill based on a high resolution core

top. This pattern is not evident in the Hudson, however, since the Batten Kill PCBs occur at such

low concentrations relative to those found in the Hudson. Large scale scour additions would
probably affect the overall water column inventory since the surface sediments in this region have
a different homologue distribution, generally less altered, than the water column distribution at
Stillwater. Compare the central diagrams in Figure 3-41 with that of the Stillwater sample. Figure
3-42 presents the average homologue patterns from shallow sediment samples collected downstream
of the TI Dam. Given the dissimilarity between the water column load and the observed sediment
homologue distributions, it is likely that the increased flux at Stillwater in this transect is probably
simply due to increased flow, moving the tracked parcel of water more quickly, perhaps

accompanied by small scour additions from the river bottom.

While the PCE load introduced to the water column in the TI Pool is transported
conservatively between the TI Dam and the Stillwater sampling point, the load is increased five-fold
between Stillwater and Waterford. This is the result of sediment scour and tributary input caused
by the onset of the spring flood in the lower half of the Upper Hudson, particularly on the Hoosic
River. The increase in suspended matter as a result of the scour event is illustrated in Figure 3-33.
However, it should be noted that the relative contributions of the Hoosic River suspended solids
input and the Hudson River scour to the water column gain in suspended solids is not well defined
since two Hoosic River samples were collected but neither sample temporally corresponds to the
Waterford sample. The first Hoosic River sample, collected under low flow conditions, is the only
one with PCB data and is included in Figure 3-40. There are no PCB data for the high flow Hoosic
River sample so it is impossible to define the PCB flux from this tributary to the Hudson during this
period. However, if the dissolved and suspended matter PCB concentrations from the low flow
condition are used, the contribution from the Hoosic is estimated at 48 mg/s under high flow as
compared to the mainstem transport of 200 mg/s at Waterford. This represents an upper bound of
the Hoosic contribution since it is likely that the suspended matter under the higher flow condition
would be much less concentrated than that for the lower flow even though the overall mass transport

is generally higher under high flow conditions.
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It is also important to note that the Transect 3 scour event appears to be to be directly related
to the onset of high-flow conditions in the Hoosic River since no subsequent scour was observed in
Transect 4. Mainstem Hudson flow was higher during Transect 4 than Transect 3 in this region but
the Hoosic River flow was no longer experiencing high-flow condiéions. The scour during Transect

3 may represent erosion of PCB-bearing sediments deposited within or near the Hoosic River de