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EXECUTIVE SUMMARY
PHASE 1 REPORT
INTERIM CHARACTERIZATION AND EVALUATION
HUDSON RIVER PCB REASSESSMENT RI/FS

BACKGROUND

For approximately 30years, two General Electric (GE) facilities, one in Fort Edward and
the other in Hudson Falls, NY, used polychlorinated biphenyls (PCBs) to make electrical
capacitors. GE discontinued the use of PCBs in 1977, when they ceased to be manufactured
and sold in the United States. From 1957 ihrough 1975, various sources have estimated that
between 209,000 and 1.3 million pounds of PCBs were discharged from these facilities into the
’Upper Hudson River. Discharges resulted from washing PCB-containing capacitors and minor

spills.

~ The PCBs discharged to the river tended to adhere to sediments and subsequently
accumulated with the sediments as they settled in the impounded pool behind the former Fort .
Edward Dam. Because of its deteriorating condition, the dam was removed in 1973. During
subsequent spring floods, PCB-contaminated sediments were scoured and released downstream.

In 1976, the New York State Department of Environmental Conservation (NYSDEC)
issued a ban on fishing in the Upper Hudson River, from Hudson Falls downstream to the

" Federal Dam in Troy, because of the potential risk posed by consumption of PCB-contaminated

fish. The ban remains in effect today. A commercial fishing ban on the taking of striped bass
in the Lower Hudson was also imposed by NYSDEC.

P90 T0p  gyu



[0 RHLIEE

In 1984 the United States Environmental Protection Agency (USEPA) completed a
Feasibility Study that investigated remedial alternatives, including dredging and upland

containment of the contaminated sediments. Later that year USEPA issued a Record of .

Decision (ROD) for the Hudson River PCB Superfund Site. The ROD called for: 1) an mte)gn
No Actzon decision concerning river sediments; 2) in-place capping, containment and monitoring
of remnant deposit (formerly impounded) sediments; and 3) a treatability study to evaluate the
effectiveness of the Waterford Treatment Plant in removing PCBs from Hudson River water.

Since the ROD was signed, the in-place containment remedy for the remnant deposit has
been virtually completed, and the treatability study of domestic water quality from the Waterford
treatment facility concluded that the water supplied meets all current Federal and State
standards. | .

In December 1989, USEPA énnounced that the No Action decision for the Hudson river

sediments would be reassessed. This decision was based on several factors.
. The Superfund Amendments and Reauthorization Act of 1986 (SARA) indicates
a preference for remedies which "permanently and significantly reduce the

volume, toxicity or mobility of the hazardous substance involved.”

K USEPA policy calls fof a periodic review at least every Jfive years for as long as

hazardous substances, pollutants, or contaminants that may pose a.threat to -

human health or the environment i'emain at the site.

. Technological advance; have been made in processes and techniques for treating
and removing PCB-contaminated sediment.

. New York State Department of Environmental Conservation (NYSDEC)
requested a reassessment of the No Action decision. ‘
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ﬁmj The reassessment process consists of a an Interim Characterization and Evaluation which was
,& - previously identified in the Scope of Work as Preliminary Reassessment (Phase 1), Further Site
Characterization and Analysis (Phase 2) and a Feasibility Study (Phase 3).

The Hudson River PCB Superfund site encompasses the Hudson River from Hudson
Falls to the Battery in New York Harbor, a stretch of nearly 200 river miles. Upper Hudson
refers to that 40-mile stretch o} the river upstream of Federal Dam to Fort Edward. Lower
Hudson refers o the portion of the river downstream of Federal Dam to the Battery.

PHASE 1 SCOPE AND OBJECTIVES

‘ The Phase 1 Report is a comprehensive summary and evaluation of all available data
. Jor the site. 1t is based on a compilation of approximately 30,000 records of data on sediments,
water, fish and aquatic insects, which are now entered into a computerized database. The

. purpose of compiling this data is to: | ‘

W

P |
’ . provide as accurate a picture as possible of current levels of PCBs in the river
’ , and changes in these levels since the 1970s; '
| . identify needs for additional data;
. allow a preliminary assessment of risks to human health and the envirorqnent
- posed by the PCB:s in the river;
. make possible a preliminary assessment of potential remedies and treatment
- options for the PCB-contaminated sediments.
5
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It must be emphasized that the PhaseI Report presents an interim evaluation only, based
on currently available data. It is not intended to be a definitive characterization of the site or
the risks associated with it nor to suggest any conclusions with respect to what remedies may be-
prbposed at the end of the reassessment. During Phase 2, USEPA will complete
characterization of the site. After completion of Phase 3, the Feaszbday Study, USEPA will
determine what remedies, if any, are appropriate.

MEASURING AND REPORTING PCBS IN ENVIRONMENTAL SAMPLES

An assessment of PCB contamination requires an understanding of their chemical
complexity. Polychlorinated biphenyls are not a single chemical. They are a class of chemicals,
containing from one to ten chlorine atoms per biphenyl molecule, yielding 209 possible .
molecular configurations. Laboratory analyses for PCBs are typically reported as Aroclor
 mixtures, referring to the manufacturer’s trade name for PCB mixtures, with each Aroclor
mixture containing a different amount of chlorine by weight. As chlorine content increases, the
PCBs tend to be less soluble, more strongly adsorbed to sediments or bioaccumulated, and less
likely to volatilize into the atmosphere.

Once released into the environment, environmental samples rarely contain PCBs that
reflect the original Aroclor mixture. In addition to physical processes, biological dechlorination
in sediments can alter the chlorine content so that it is different from the Aroclor mixture

originally dzscharged.

Evaluation of existing PCB data is difficult, because different laboratories have used
various methodologies to measure PCB mixtures. Chemical extraction procedures and analytical
methods can also differ for different media. New laboratory methods are now available to
résolve many uncertainties in PCB measurement. Uniform methods of PCB analysis in samples
to be collected in future phases will improve understandmg of the speczﬁc types of PCBs that
remain in sediments, water, fish and air.

E-4 9RP 001 0447



LOWER HUDSON

- The data available regarding PCB contamination in the Lower Hudson are more limited
than data for the Upper Hudson, which has been the subject of intensive monitoring programs
to evaluate PCB contamination.

4

Physical site characteristics, including basin characteristics, hyilrology, water quality and -

aguatic resources were reviewed in Phase 1. The review of aquatic resources, relying upon

published studies, demonstrates the presence of a diverse aquatic ecosystem.

The total loading of PCBs to the Lower Hudson was historically dominated by inputs
from the Upper Hudson, but has also been influenced by other sources of contamination. These
sources include sewage effluent discharges, combined storm/sewer outfalls, stormwater outfalls,
industrial discharges, atmospheric deposition, landfill leachates and tributaries below Federal
Dam. Contributions of these additional PCB sources to the Lower Hudson, a drainage area
of 5,285 square miles, are difficult to estimate, because they are poorly identified and quantified.
Various researchers have estimated, however, that these sources currently contribute PCB loads
on the same order of magnitude as the load from the Upper Hudson.

Data are available to document PCBs in sediment cores, surface water and fish in the
Lower Hudson. Sediment core data indicate that maximum PCB deposition in the Lower
Hudson occurred about 1973 and has since declined. A limited number of Lower Hudson
water column measurements from 1978-1981 indicate that PCB levels declined from

approximately 0.17 ug/l (micrograms per liter) in 1978 to approximately 0.07 ug/l in 1981.

NYSDEC has reported PCB measurements for fish from the Lower Hudson, mostly in
the period of 1975-1988. The data show that PCB levels in striped bass, the dominant species
monitored, have declined since 1978, with an apparent half-life of approximately five years.
Recent measurements indicate that median PCB levels in striped bass are approximately 5 to
12 mg/kg (milligrams per kilogram) in the Upper Estuary (River Mile 91 to 153) and

E-5
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approximately 2 to 3 mg/kg in the Lower Estuary (River Mile 12 to 76). Previous investigations
have suggested that PCBs in striped bass of the Lower Hudson are dominated by the highly
chlorinated PCB mixtures. This observation is of significant interest, because sediment data for

the Lower Hudson suggest that there are sources of highly chlorinated PCB mixtures from the

New York City metropolitan area. Further investigations will be needed to assess potential
effects of remedial efforts to reduce PCBs in the Upper Hudson on PCB levels in the Lower
Hudson.

Onfy a comparative and qualitative human health risk assessment was performed for the
Lower Hudson during this phase. For the Lower Hudson, consumption of fish would likely lead
to PCB exposures in human populations that are smaller than or comparable to those in the
Upper Hudson, since PCB concentrations in water and fish from the Lower Hudson are less
than those in the Upper Hudson. The assessment of risks in the Lower Hudson as a result of
PCB loadings those from the Upper Hudson is complicated by the presence of multiple sources
of PCBs within the Lower Hudson. '

UPPER HUDSON

- An understanding of how PCBs transfer, accumulate and dissipate in sediments, water,

fish and other media is irhportqnt to the characterization of existing conditions and an
evaluation of the potential benefits of remedial actions in the Upper Hudson. Major items
addressed in Phase 1 are:

. potential for redistribution of PCBs in the river sediments;

. transfer of PCBs in the sediments to the water column and to fish; and

. human health and ecological risks from PCBs in the Hudson River site.

iRP 001 0449



These items will be further addressed in Phase 2 in order to determine apprapn’até remedial

measures in Phase 3.
Sediment

Data on approximately 2,500 sediment sdmples are contained in the database, covering
the two principal studies sponsored by NYSDEC in 1977-78 and 1984, as well as data from
other studies by USEPA, GE and the Lamont-Doherty Observatory. The 1978 study covered
approximately 40 river miles, while the 1984 study investigated PCBs in Thompson Island Pool,
a five-mile stretch impounded by the Thompson Island Dam. The Thompson. Island Dam is
the first control structure in the river downstream of the GE plants. Several factors, listed below,
hinder both detailed comparisons of results among surveys and analysis of PCB transfer from
sediments to water and fish.

. PCB mieasurements in sediments exhibit extreme variability over short distances.

. The shifting of river sediment deposits confounds comparison of sampling results
at a given river location over time. Too few samples with adequate areal
coverage have been taken to determine trends over time in PCB levels in
sediment deposits.

. Because of different laboratory measurement technigues, different methods of
reporting PCB concentrations and lack of sediment and water or sediment and
fish data obtained at the same location, statistical relationships between PCBs in
sediment and PCBs in water or fish have not been developed.

The redistribution of PCBs in sediment is largely determined by sediment scour occurring
during high river flow. The results of flood recurrence computed in this report show that

previously published computations of the magnitude of the 100-year flood or other large floods -
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are overestimates. Thus, previous predictions of sediment scouring and PCB loadings will need
to be re-examined based on the new estimates.

. A
Water | A

The United States Geological Survey (USGS) results of monitoring PCBs in the water
column from 1975-1989 were evaluated in Phase 1. Average total PCB concentrations in water
during the late 1970 ranged from 0.2 to 0.8 ug/! (ppb) and have declined to approximately 0.03
to 0.05 ug/l in the late 1980s.

PCB mass transport in water is analyzed statistically to correct for sampling bias and
account for the numerous data in which PCBs were not detected at the quantification limits set
for the analyses. These findings are summarized below. -

"« Although the greatest number of PCB measurements coincide with high flow
periods, previous estimates have not addressed this bias in the sampling data.
Previous PCB mass transport estimates are, thus, somewhat higher t‘han' those
computed in this report.

Mass transport of PCBs from the Upper Hudson at. Waterford to the Lower .
Hudson has declined from approximately 3,000 to over 4,000 kg/year in the late
1970s to approximately 150 to 500 kg/jr in recent years.

e Since 1983, there has been little, if any, discemible difference in the mass load
carried by the Hudson River from Rogers Island in Fort Edward to Waterford.

This last observation is significant, because it suggests that in recent years there is little
increase in PCB load in the Hudson River above that already in the river at Rogers Island.
Whether the PCBs in the river at the Rogers Island monitoring station, which is immediately
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downstream from the remnant deposit sediments, are derived from the remnant areas or other

‘sources remains to be inve.stigated further. PCB results for water samples taken in 1990,

analyses. of results for contmued USGS water column monitoring and analyses of samples
proposed for Phase 2 of this reassessment are expected to provide more definitive information.

Fish

Just as PCBs in the water column have declined since 1977, detailed analyses of trendv

- over time indicate a similar decline for PCBs in fish. NYSDEC has reported analyses of PCB

levels in fish sampled in the Upper Hudson since 1975. The dominant species sampled were
largemouth bass, brown bullhead, pumpkinseed and carp. Median PCB levels in fish have
declined from levels ranging from 3 to 143 mg/kg measured in the late 1970s to current levels
ranging from 1 to 30 mg/kg. PCB levels in fish have also declined at downstream santple
locations. Statistical analyses presented: in this Phase 1 repon reveal the followmg current
conditions and trends.

. The current upper-boimd, 95 percent confidence limit of the average PCB level
for all fish sampled in the Upper Hudson from 1986 to 1988 is approximately 12.
mg/kg.

. Lower chlorinated PCBs in fish exhibit a half-life of approximately three to four
years, whereas the higher chlorinated PCBs appear to be declining at a much
slower rate and exhibit half-lives of 7 to 40 years, depending on fish species.

. A very strong linear correlation between PCBs in fish tissue and PCBs in the
* - water column is apparent. The concentration of PCB:s in fish tissue, based on
lipid (fatty) content of fish, is on the order of one million times greater than the
PCB concentration in the water column. This ratio is referred to as the

: HRP
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bioaccumulation factor. Insufficient data are available to relate levels of PCBs
in fish to those in sediment.

Additional fish samples were collected by the NYSDEC in 1990 and the analyses from
these samples will be included in subsequent phases. .

Sediment Transport Modeling

Development and calibration of hydraulic and sediment transport models have been
initiated as part of the Phase 1 work. Because PCBs in the river are bound primarily to

sediments, scour of sediments is a crucial mechanism to the movement of PCBs. A

mathematzcal model provides one tool to predict potential scour and redeposition of sediments
contammg PCBs. A basic modeling framework has been developed in conjunction with the

analyszs of available data in order to determine the type and extent of modeling that may later
be appropriate and feasible. |

Preliminary Human Health Risk Assessment

Human exposure to PCBs in the environment or in the workplace generally does not

result in any immediate or acute toxicity, but such exposures are of a public health concern
because of the persistence of PCBs in the environment, their potential to bioaccumulate in
animal and human tissues and their potential for chronic toxicity. Occupational exposures to
relatively high concentrations of PCBs have resulted in effects on liver-function as well as effects
on the skin. Emerging evidence indicates that PCBs may also be related to other toxic effects
in humans, such as developmental or neurological effects. USEPA has classified PCBs as
probable human carcinogens, based on the induction of cancers in laboratory animals.

A preliminary human health risk assessment for the Upper Hudson was performed during
Phase 1. USEPA considered it important to establish at an early stage the working assumptions

E-10

cgy0 T00 d¥H

]



for the risk assessment in order to allow the public sufficient opportunity to review and comment
upon these assumptions. This preliminary health risk assessment will be modiﬁed in the future
as new data become available, or if new information regarding the toxicity of PCBs is accepted
by USEPA through a scientific review process before completion of the Reassessment.

Quantitative health risks associated with PCB exposure and uptake were calculated for
pathways with adequate data. The exposure pathways quantified in the risk assessment are:

. consumption of ﬁh;
. drinking of river water; and

. incidental contact with PCBs in water and sediments during recreational acavma
associated with the river. |

Based on available data, there appear to be unacceptable potential cancer and non-
cancer risks associated with regular ingestion of fish from the Upper Hudson River. This risk
is based upon the assumption that local residents catch and consume fish from the Upper
Hudson. However, as mentioned above, because of the potential risk posed by PCB-
contaminated fish, NYSDEC issued a fishing ban in 1976. The ban remains in effect today.
Recent surveys of angler activity by NYSDEC and fish consumption rates from NYSDEC and
USEPA were utilized, but no specific survey of the population in question has been conducted
to confirm these assumptions. : |

The risks associated with exposure as a result of drinking river water and recreational
contact were estimated to be within the acceptable range.

Pav¥0 100 d¥H
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Other potentz’d exposure pathways, such as inhalation of contaminated air, consumption
of local crops or dairy products and ingestion of breast milk by infants, are discussed, but not
quantified. Although some available data indicate low levels of PCBs in plants and air in the
vicinity of Fort Edward and the Hudson river, these data are insufficient to perform a

quantitative risk assessment. Furthermore, the contribution of PCBs from other sources cannot
be determined. '

Interim Ecological Risk Assessment

The interim ecological risk assessment relies itpon available data for selected indicator
species in the Upper Hudson River ecosystem. Data are currently insufficient to justify a
quantitative ecological risk assessment. Although thousands of samples have been collected of
sediments, water and fish in the Upper Hudson River over a period of years, there are little data
that relate PCB levels in the River to demonstrated harm to fish or other organisms. Only one
published report was found regarding abnormal cell growth in fish from the contaminated stretch
of the Upper Hudson. Although the researchers conclude that the observed abnormalities may
be attributable to hazardous organics, additional study would be required to establish a causal
relationship and to identify the chemfcal or chemicals responsible.

The concentration of PCBs measured in sediment, water, insect larvae and fish, and
estimated in fish-eating birds and mammals, have been compared to published guidelines and
taxicity values for PCBs. Recent PCB levels in water exceed freshwater Ambient Water Quality
Criteria for the protection of aquatic life by two to five-fold. . Additional evaluations will be
" mecessary to assess species health and determine levels of ecological risk.

gG¥0 T00 duH
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FEASIBILITY STUDY

Potentzal remedial technologies and processes capable of treating river sediments are
identified in this initial step toward a final Feasibility Study. These technologies and procmas
are: contamment, natural PCB degradanon in sediments; removal; disposal; and treatment,
including physical, chemical, thermal and biological treatment techniques. An initial screening
of technologies is presented. No particular technology nor the possibility that no remedy may
be warranted is eliminated from further consideration. Preliminary approaches to remedial
options and recommendations for treatability studies are discussed. o

PHASE 2

Based on the understanding reached in the Phase 1 process, field sampling and
additional data evaluation are necessary in Phase 2 to provide improved understanding of PCB
levels and transfer mechanisms among sediments, water, air and biota.

- In order for the Hudson River PCB Oversight Committee (HROC) and the participants
in the Community Interaction Program (CIP) to provide input into the Phase 2 work, these-
groups will be allowed sufficient time to evaluate the Phase 1 Report. Therefore, a full Phase
2 Work Plan will not be developed until after comments are received on the Phase 1 Report.
There are some data, however, that USEPA believes should be collected in Fall 1991, because
the data will be needed to guide subsequent sampling activities and allow the project schedule
to be maintained. These priority 'sampling activities, which will be conducted this Fall, are

' described in the Phase 2A Sampling Plan. Activities included in this plan are geophysical

surveys and water column monitoring in the Upper Hudson, as well as sediment corings in both
the Upper and Lower Hudson.

100 d¥H
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When the Phase 2 Work Plan is issued for review, it will include a Phase 2B Sampling

Plan and the description of other activities necessary to complete characterization of the site, as
well as a summary of the Phase 2A activities. HROC and CIP participants will be allowed to
f\

review and comment on this Plan prior to initiation of this second sampling effort. \
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I. INTRODUCTION

1.1  Purpose of Phase 1 Report

This Phase 1 report provides an interim characterization and evaluation of
the Hudson River PCB Superfund site. It summarizes the results of the first .

phase in a three-phase Reassessment Remedial Investigation/Feasibility Study
(RI/FS) to reassess the 1984 No Action decision of the United States
Environmental Protection Agency (USEPA) concerning sediments contaminated with
polychlorinated biphenyls (PCBs) in the Upper Hudson River.

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 } - Preliminary Reassessment
L Phase 2 - Further Site Characterization and Analysis

L Phase 3 - Feasibility Study

This report presents the results of Phase 1 only. The Phase 1 report
contains a compendium of background material, discussion of findings where
findings could be made and preliminary assessments of risks.

The material presented here is not intended to characterize the site
definitively nor to draw final conclusions. The principal reason for submitting
this interim report early in the reassessment process is to offer sufficient
background material to the USEPA, other concerned agencies, government officials,
the Hudson River Oversight Committee, the Science and Technical Committee, the
Steering Committee, liaison groups and the public, so that these parties can
reach informed judgments concerning the technical direction and focus of the
project through the various phases.

- I-1
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1.2 Purpose of Reassessment RI/FS

In December 1989, USEPA, Region Il announced that it would conduct a

reassessment of its September 24, 1984 No Action decision concerning the

sediments contaminated with PCBs in the Upper Hudson River.

USEPA decided to reassess the No Action decision, based on the following
‘events that have occurred since 1984.

) With the Superfund Amendments and Reauthorization Act of 1986 (SARA)

came the indication that preferred remedies were those which

*permanently and significantly reduce the volume, " toxicity or
mobility of the hazardous substance involved.”

] USEPA policy is to perform periodic review for both pre-and post-.

SARA RODs at least every five years for as long as hazardous
substances, pollutants, or contaminants that may pose a threat to
human health or the environment remain at the site

L Technological advances have been made in processes and techniques -

for treating and removing PCB-contaminated sediment.

[ New York State Department of Environmental Conservation (NYSDEC)
requested a reassessment of the No Action decision.

The reassessment is being performed for the PCBs contained within the
river-bottom sediments of the Upper Hudson between Hudson Falls and Federal Dam
in Troy, New York (see Plate 1.2-1). The Superfund site itself, however, extends
to the Battery in New York Harbor (see Plate 1.2-2).

The reassessment also evaluates the threat of PCBs entering the river from
the remnant area (see Plate 1.2-3) and assesses environmental impact on the Lower
Hudson. Previously dredged PCB-contaminated sediments contained in upland
disposal facilities will not be addressed in this study.

100 QqQuH
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1.3 Site History

I.3.1 Prior to 1980 ' R
. _ , N\

PCBs were manufactured by Monsanto Corporation between 1927 and 1977 and

were distributed under the generic name Aroclor. Two General Electric Company
(GE)'capacitor manufacturing plants located in Fort Edward and Hudson Fallé, New
York began to use PCBs in 1946. In-plant sources of PCB discharges have been
characterized as both minor spills and effl uent from washing capacitor cans, with
the latter being the major source. Capacitor cans were flood-filled with
dielectric fluid and then washed with detergent and water to remove excess

- material. Contaminated wash water was discharged directly to the river. This

practice was discontinued about 1973 (Brown, Jr. et al.,.1984):.

- During a 30-year period from 1946 to 1977, PCBs were discharged into the
Upper Hudson River from the two GE plants. Discharged PCBs adhéhad to the
sediments in the bottom of the river and accumulated in areas behind the Fort
Edward Dam. When the dam was removed in 1973 because of its deteriorating
condition, PCB-contaminated sediments were released downstream, particularly
during large spring floods in 1976 and 1983.

PCBs have been associated with a variety of adverse health effects.

‘Studies performed on rats, mice and monkeys have revealed that various kinds of

toxic effects are associated with PCBs, such as liver damage, reproduction
effects, skin disturbances and cancer.

The first report of PCB contamination in the Hudson River was published in
1970. In 1971, NYSDEC added PCBs to their statewide analyses of pesticide
residues in fish, although no results were released publicly until 1975. After
USEPA investigations in 1974 of PCB contamination in the Fort Edward area, NYSDEC
intensified its PCB sampling program. In 1976, following the 1975-1976 sampling
effort, NYSDEC banned all fishing on the Upper Hudson River, from Albany north
through Fort Edward. The commercial striped bass fishery in the Lower Hudson was
also closed at the same time. The bans are still in effect today. In addition,

I-3
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the presence of PCBs restricted dredging éctivities. The New York State

Department of Transportation (NYSDOT) had periodically dredged the river, which -

is prone to.sediment buildup, in order to maintain a minimum depth to accommodate

river traffic. According to NYSDOT, no channel maintenance dredging has occurrqd -

from 1984 to the present (1991).
1.3.2 Post 1980 .

In the 1980s, site activities diverged in two directions. One direction

was pursued by the NYSDEC Project Sponsor Group (PSG) and inc]uded the Hudson

River PCB Reclamation Demonstration Project, which in 1989 became the more
comprehensive Project Action Plan. The second direction was pursued by USEPA and
included the National 0il and Hazardous Substances Pollution Contihgency Plan
(NCP) and Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) or Superfund process. Only the direction pursued by USEPA under. the
- NCP/CERCLA process is discussed below. The PSG activities are described in
detail in the Community Relations Plan (December 1990.) for this Reassesgment.

The 1984 Recdrd of Decision (ROD) stated that a_techno]ogicaiiy feasible,
cost-effective, remedial response to the river sediments was not available that
would reliably and effectively mitigate and minimize damage to public health,

welfare and the environment. This decision was based on the results of the NUS

Feasibility Study (FS) dated April 1984. At that time it was deemed more
appropriate to address the sediments in connection with the Hudson River PCB
Reclamation Demonstration Projeét being pursued by the PSG. There were several
reasons for this decision: (1) the modeling and sampling data collected at that
time indicated a decreasing threat to public health and the environment; (2) the
reliability and effectiveness of extant dredging technologies were subject to
considerable uncertainty; (3) the estimated high cost of dredging and disposal
were considered likely to rule out such options, based on fund balancing
considerations, especia11y given the moderate degree of risk reduction which
might have been achievable. The ROD stated that this decision was to be
reassessed in the future if, during the interim 'eva1uation period, the
reliability and applicability of in situ or other treatment methods were to be

-4
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demonstrated or if techniques for dredging of contaminated sediment were further
developed. .

-The 1984 ROD addressed five remnant deposits (see Plate 1.2-3) behindlthe
01d Fort Edward Dam and the river sediments. The ROD reflected USEPA’s decision

to perform in-place containment, or capping, of the remnants, stabilization of

the associated riverbanks and revegetation of the areas. As stated in the ROD
(USEPA, 1984): "The appropriateness of further remedial action for these sites
will be reexamined, if EPA decides at a later date to take additional action with
respect to sediments in the river.” The construction of the remnant caps is
essentially complete. No in-place containment was required at one of the remnant
deposits (site 1). '

The 1984 ROD also included performance of a treatability study to evaluate

the effectiveness of the Town of Waterford’s treatment plant in removing PCBs

from Hudson River water. The Town of Waterford is located 40 miles south of1the
remnant deposits and was selected for evaluation, because it is the northernmost
community downstream that receives its water supply directly from the Hudson
River. Findings indicated that PCB levels in the water supplied by the Waterford
Water Works did in fact meet standards for public water supplies.

I.4 Guide to Phase 1 Report
1.4.1 Relationship to Phase 1 Work Plan

The Phase 1 Work Plan. (January 1991) detailed five main tasks to be
completed during Phase l :

. Task 1 - Site Characterization and Data Synthesis
o Task 2 - Evaluation of Fish and Food Chain PCB Bioaccumulation
L Task 3 - PCB Transport Model
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L Task 4 - Baseline Risk Assessments
. Task 5 - Remedial Technology Assessment

Rather than report results of Phase 1 by these Work Plan tasks, the
information gathered and the findings of this phase are presented here in a
. format that is more consistent with the CERCLA RI/FS reporting process. ‘This
format will be compatible with the final product of this project, which will be
a Reassessment RI/FS report. -

Phase 1 was originally called the Preliminary Reassesiment. As a
consequence of discussions at the Hudson River Oversight Committee (HROC) meeting
of April 4, 1991, the term "preliminary reassessment"” was considered potentially

~misleading and a new designation for Phase 1 was considered appropriate. In ordeg- :
to stress the fact that additional characterization and evaluation of the site

are required prior to a final characterization and prior to any decision on
reassessment, the title Interim Characterization and Evaluation Report has been
chosen. '

1.4.2 Organization of Phase 1 Report

This Phase 1 report is Volume 1 of the overall three-phase study. In order

to accommodate the amount of material presented in Phase 1, two books have been
prepared. Book 1 of Volume 1 contains all text, divided as Parts A, B and C.
Book 2 of Volume 1 contains all tables, figures, and plates.

A table of contents introduces each Part (A, B and C) in Book 1. Each Part

- {s paginated by section and page number within that section. For example, page

B.6-7 is page number seven (B.6-7) within Section B.6 (B.6-7). Tables, figures
and plates referenced in the Introduction (I) and Parts A, B and C are designated
so that they can be easily referenced to a report section. For instance, Table
B.3-9 indicates that the table was referenced in Section B.3 (B.3-9). The nine
(8.3-9) further indicates that the table is the ninth table within that section.

I-6
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Synopses intended to guide the reader in selecting areas of focus or
interest are provided in Book 1. A synopsis of Part A and of Part C is located
at the beginning of each part. Because of the length of Part B, sepafate
synopses for Sections B.1 through B.7 are provided prior to each sectiéﬁk '

The interim site characterizations of the Lower Hudson and Upper Hudson are
presented in Book 1, Parts A and B, respectively. Initial emphasis has been

‘placed on the Upper Hudson, because the basic project premise is to reassess

options for remediation of the PCB-contaminated sediments of the Upper Hudson.
This approach is not intended to diminish the importan;é of evaluating the
impacts on human health and the environment of the Lower Hudson as a result of

'PCB contamination in the Upper Hudson. Such impacts will be pursued more

emphatically in Phases 2 and 3.

The interim site characterization for the Lower Hudson (Part A) is based
on a summary of available literature; particular attention is paid to sources of
PCBs into the Lower Hudson and to the river's aquatic ecology. As mno
comprehensive data synthesis and evaluation were undertaken at this'iime, the
reader should not expect new or previously unreported analyses. For those
readers not familiar with the chemical aspects and structure of PCBs, an
explanation is provided in Section A.2. .

The interim site characterization for the Upper Hudson (Part B) is based
on comprehensive collection, synthesis and evaluation of available data. The
understanding or interpretation of the information and analyses presented for the
Upper Hudson demands varying levels of technical knowledge. To assist the
reader, an overview of the nature of Part B sections is provided here.

Sections B.1 and B.2, both general in nature, report on the physical site
characteristics and the sources of PCB contamination in the Upper Hudson.

Section B.3 discusses the available data that were collected, reviewed and
synthesized for sediments, water, fish, air, and plants. Parts of this section
utilize statistical techniques, some of which will not be familiar to all

I-7
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readers. The conclusion of Section B.3 discusses the adequécy of the data and
presumes some knowledge of analytical chemistry. '

Section B.4 analyzes the interrelationships among data sets and exam16§§ -
trends in the data over time in order to extrapolate trends in PCB levels and
transport into the future. Although this section relies heavily upon statistical
techniques, readers will gain new insights into the data, some of which
contradict and/or extend existing knowledge. '

Section B.5, which reports on sediment transport modeling, is highly
mathematical and oriented to those readers who will wish to provide comment on
or input to the modeling effort. Achieving that objective has dictated a
mathematical presentation. o ‘

Finally, in Part B, Sections B.6 and B.7 provide preliminary human health
and ecological risk assessments, utilizing information reported in the previous
sections. A1l readers are reminded that the findings presented in these sections
are preliminary since they are based on available information. "

Part C contains Phase 1 of the Feasibility Study for the Upper Hudson.
Presented here is a review of regulations, available technologies and processes
to treat PCB sediments, some innovative technologies under development and the
status of natural dechlorination or biodegradation of PCBs in sediments.

Following Parts A, B, and C in Book 1 are the list of references and a
glossary. Readers are invited to suggest changes to the list of references and
to recommend additional terms for future expansion of the glossary, as both of
these will form the basis of an expanded reference list and glossary in
subsequent documents.

HRP 001 0467



\ SYNOPSIS
LOWER HUDSON CHARACTERIZATION
(Sections A.1 through A.4) |

Part A provides an interim characterization and evaluation of Lower Hudson River
characteristics pertinent to the Hudson River PCB reassessment. Presented here are physical site
characteristics, sources of PCB contamination, the nature and extent of Lower Hudson PCB
contamination and an overview of a published mathemancal model by Thomann et al. (1989)
on PCB dynamics in the Lower Hudson.

The discussion of physical site characteristics (A.1) contains information on basin
characteristics, hydrology, water quality and aquatic resources. The description of basin
characteristics (drainage areas and climate) covers both the Upper and Lower Hudson to
establish a framework for the entire site. The discussions of hydrology and water quality for the
Lower Hudson describe the physical/chemical factors that affect each. The review of aquatic
resources, relying upon published studies, demonstrates a diverse aquatic ecosystem.

There are several sources of PCB contamination (A.2) in the Lower Hudson. PCB
~ loadings to the Lower Hudson have occurred from the Upper Hudson, but also from sewage
effluent discharges, tributary contributions, combined sewer/storm water and storm water
. outfalls, atmospheric deposition, landfill leachate and other sources within the New York City
metropolitan area, all within the Lower Hudson Basin itself. These additional PCB sources are
important to consider, since some have been estimated to contribute PCB inputs of similar
magnitude to current loads from the Upper Hudson.

The nature and extent of PCB contamination is analyzed, using available data for
sediments, water and fish (A.3). As demonstrated by dated sediment cores, maximum PCB
deposition in the Lower Hudson occurred around 1973 and has decreased subsequently.
Sediment cores also indicate that sediment influenced by New York City metropolitan area
inputs has recently been accumulating higher PCB levels than those farther upstream. Although
water column PCB measurements since 1981 are lacking, 1978-81 data show that PCB levels
declined during that period. Studies indicate that PCB concentrations in striped bass have
declined. For migrant/marine fish species and freshwater resident species, data are limited or
dated.

A mathematical model of PCB dynamics in the Lower Hudson (Thomann et al.,, 1989)
is examined (A.4). This model considers many aspects of mass transport, geochemistry and
ecology and evaluates the time history of PCB inputs. The model indicates that PCB load to
the Lower Hudson via the Upper Hudson had declined substantially since 1973. Various
assumptions used in the model regarding mass transport estimates, geochemical processes and
ecological parameters are discussed in order to provide perspective on its results.
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A. LOWER HUDSON CHARACTERIZATION

A.l Physical Site Characteristics

A.l.1 Hudson River Basin Characteristics

A.1.1.1 Drainage Areas

The Hudson River Basin is discussed first to establish a framework for this
discussion of the Lower Hudson (Part A) and subsequent discussion (see Part B)

_of’the Upper Hudson.

The source of the Hudson River is at Lake Tear-of-the-Clouds, a two-acre
pondvlocated on Mount Marcy (Boyle, 1969) in the Adirondack Mountains in northern
New York State. From the Adirondack headwaters, the Hudson flows in a sontherly
direction for approximately 315 river miles to the Battery in New York City
(River Mile 0) at the southern tip of Manhattan Island. The Hudson River
drainage basin encompasses an area of 13,390 square miles (Plate A.1-1) and has

three distinct parts.

® The Upper Hudson River flows from Mount Marcy in the Adirondacks to
the Federal Dam at Green Island, Troy, New York. The drainage area
of this segment is approximately 4,640 square miles.

L The Mohawk River sub-basin originates in the southern Tug Hill
Plateau and flows southeasterly to its confluence with the Hudson
River north of Albany, New York. The drainage area of the Mohawk

sub-basin is approximately 3,465 square miles.

® The Lower Hudson River flows 153.4 miles from the Federal Dam at
Troy to the.Battery. The drainage area of the Lower Hudson basin is
approximately 5,285 square miles. This segment of the Hudson is

tidal to the Federal Dam.

A.1-1

9Lv0 100 dHH.



ER I 3L SRR

A.1.1.2 Climate '

Because the Hudson River Basin occupies a substantial portion of New York
State, nearly all of the state’s climatic conditions occur within the basin. The
climate of New York State is subject to air masses originating from three
principal areas. Masses of cold, dry air frequently arrive from the northern
interior of the continent. Prevailing winds from the south and southwest
transport warm, humid air, modified by the Gulf of Mexico and adjacent
subtropical waters. The third great air mass flows inland from the North
Atlantic Ocean and produces cool, cloudy and damp weather. This maritime
influence, important to the southernmost portion of the Hudson. Basin, is
secondary to that of the more prevalent air mass flow from the continent.

Nearly all storm and frontal systems moving eastward across the continent
pass through or in close proximity to New York State. Storm systems often move
northward along the Atlantic coast and influence weather and climate of the Lower
Hudson Basin and Long Island; such systems can also influence weather conditions
in the more northern portions of the Hudson Valley.

Precipitation is variable and is influenced by topography and proximity to
ocean and’ lake sources of moisture. Nevertheless, precipitation is quite
uniformly distributed throughout the year within the basin as a whole, with the
least amount generally occurring in the winter and the greatest amount occurring
during the warm season. The annual precipitation throughout the Hudson River
Basin varies from about 35 inches in the Albany area to more than 55 inches in

the higher elevations of the Catskill and Adirondack Mountains. The Lower Hudson
maximum average annual precipitation is approximately 46 inches.

Precipitation records collected at New York City (Central Park) since 1826
and at Albany since 1890 (Figure A.1-1) show that for the period 1826-1985, the
average annual precipitation at New York City was 42.46 inches and for 1890-1985,
the mean annual precipitation at Albany was 34.24 inches. There is wide
vari§hi1ity in annual precipitation for the two areas as shown in this figure.

A.1-2
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A five-year moving average for both New York and Albany data, also plotted on the
figure, smooths out the year to year variability. From this plot, the
correlation between trends of high and low precipitation for both New Yorkland
Albany (especially in the period 1950-1985) suggest a cyclic, rather thaQ;randpm,
pattern to annual precipitation. A

In a typical year, the highest streamflow throughout the basin occurs in
the spring as a result of snowmelt and precipitation. Low streamflow genéraiiy
occurs in the late summer, when evapo-transpiration effects are the greatest.
Floods, however, can occur during any time of the year. Théy are generally the
result of snowmelt/precipitation during the winter and spring season, hurricanes
during the June to October period, or thunderstorms during the summer.

Floods resulting from snowmelt/precipitation or hurricanes generally affeét '
larger areas and the larger streams. Thunderstorms with rains of high intensity
over a small area produce the maximum discharge for a variety of smaller streams.

The Upper Hudson and Mohawk sub-basins contain many lakes and swgmps, which
significantly influence flood flow. In contrast to the Upper Hudson,;floods in
the Lower Hudson are not significantly affected by storage, but are related to
the slope of the main channel.

Evaporative losses for the Lower Hudson River were calculated by Garvey
(1990) to be about 570 cubic feet per second (cfs) or 16 m’/s during July to 220
cfs (6.3 m'/s) during October. Water loss due to evaporation was most
significant in the summer, at about three percent of the mean annual freshwater
flow. In all other seasons, evaporative loss was closer to one percent of the
total flow.
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A.1.2 Hydrology
A.1.2.1 Physical Characteristics

Since the main channel of the Lower Hudson runs fairly straight along a
north/south axis, it permits a rather precise definition of specific river
locations along a north-south axis. Locations in the river are usually specified
as river miles (RM). For this study, the Lower Hudson is defined as that portion
of the Hudson River from the Federal Dam at Troy (River Mile 153.4) to the .
Battery (River Mile 0) at the southern tip of Manhattan. River miles south of
the Battery are denoted with a negative (-) value. |

In contrast to the rather steep gradient of 5.0 meters (m)/mile north of
Fort Edward and more moderate gradient (1.0 m/mile) south of Fort Edward to the
Federal Dam at Troy, the Lower Hudson is considered to be a drowned river valley
.with a gradient of only 0.01 m/mile. With the exception of the Tappan Zee,
Haverstraw and Newburgh Bays, the Lower Hudson has a narrow geometry of less than
0.9 miles in width (Moran and Limburg, 1986). '

The-navigitional channel is 32-feet deep from The Battery to Albany and 14
feet deep from Albany to Troy. Although the Lower Hudson has an average depth
of about 27 feet, Stedfast (1980) records a maximum depth of more than 200 feet
in the vicinity of West Point as the river cuts through the Hudson Highlands.
The total surface area of the Lower Hudson is about 129 square miles (Hammond,
1975). The total volume of water is approximately 0.74 cubic miles (Hammond,
1975) with the greatest volume recorded within the Haverstraw Bay region from
River Mile 25-40 (Texas Instruments, 1977).

The Lower Hudson experiences two tidal cycles daily. The tidal range is
about 4.5 feet at the mouth, 2.7 feet at West Point and about 4.7 feet at the
head of tide at Troy. The increase in tidal range in the upper reaches of the
Lower Hudson results from the constrictional effects of the diminishing
cross-sectional area of the river.

A.1-4
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A.1.2.2 Freshwater Flow and Tributary Inputs

The mean annual freshwater flow of 19,500 cfs (550 m*/s) is fairly large
in comparison to other rivers located in the northeastern United States. The
freshwater flow, however, is still small in comparison to the daily tidal
movements. = According to the USGS, the maximum tidal current discharge at
Poughkeepsie has been as high as 240,000 cfs (6900 m’/s), which is more than an-
order of magnitude greater than the annual mean freshwater discharge past the
Battery.

- The runoff pattern for the Lower Hudson drainage basin normally contains
a large seasonal signal in spite of the relatively constant precipitation rate
throughout the year (USGS, 1986). This seasonal signal is a result of melting
winter snow in early spring, producing a major increase in freshwater discharge.
Flow at the Federal Dam can be characterized as having two basic regimes, a Tow
steady flow of about 5300 to 7100 cfs (150 to 200 m*/s) for nine months of the

'year and a large spring surge from March to May resulting from the melting of

winter snow. Figure A.1-2 (from Hammond, 1975) i1lustrates flow over the Federal
Dam at Troy for water year 1962. Superimposed on this flow is the seasonal
signal from the lower tributaries to the estuary. '

The relationship between the flow of a representative Lower Hudson
tributary and the flow at the Federal Dam at Troy is illustrated in Figure
A.1-3a. For water year 1986, the spring thaw in the lower basin, as indicated
by the Wallkill River flow, is evident about one month before the thaw in the
Upper Hudson. Exceptions to this pattern occur, as shown in Figure A.1-3b for
water year 1984. Water year 1984 had high runoff rates occurring several times
throughout the year; the flow rate patterns of the upper and lower basin were
similar because of large storm systems and warmer temperatures, affecting the
upper and lower parts of the drainage basin concurrently.
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An interesting feature of the Lower Hudson River is the fiow contributions
of tributaries along the river axis (Figure A.1-4a and Table A.1-1). On average,
approximately 50 to 70 percent of the freshwater that enters the Lower Hudson
flows over the Federal Dam at Green Island. As a consequence of the topography
of the Lower Hudson drainage basin, more than 75 percent of all additional

tributary inputs, other than sewage, occur north of Poughkeepsie at River Mile

75 (Figure A.1-4Db).
A.1.2.3 Circulation

The basic features of circulation within the Lower Hudson are well
described as a quasi-two-layer system (Stommel, 1953; Pritchard, 1955, 1969).

Seaward (and southward) flow of the surface layer is driven by the gradient in.

river surface height from the northern end of the Lower Hudson at Troy to The
Narrows, located south of The Battery. This gradient is dependent upon the total
freshwater flow. The net movement of the lower layer is upstream, northward from
The Narrows, in response to the demnsity gradient between the freshwater supply
to the north and seawater, supplied to the Lower Hudson largely through The
Narrows. The net result of these flows superimposed on the tidal surges is to
mix the fresh and salt waters, -creating a salt distribution intermediate between

the vertical isohalines of a well-mixed system 1ike the Thames of Great Britain

and the nearly flat isohalines of a salt wedge estuary like the Mississippi delta
(Deck, 1981). (Isohaline is defined as a line connecting points of equal
salinity.) '

Because of the narrow geometry of the Lower Hudson, the locationvof the

northern edge of the saline intrusion (sometimes referred to as the salt front)

becomes a sensitive indicator of the balance between the freshwater and seawater
flows (Deck, 1981; Prandle, 1981). Typically the saline intrusion extends to
Just above the Hudson Highlands, around River Mile 55. During major spring
runoff events, the salt front can be‘fbund below the George Washington Bridge at
_River Mile 12. During times of extreme drought, the salt front has been located
as far north as River Mile 75, near Poughkeepsie.

A.1-6
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A.1.3 Water Quality

A.1.3.1 Overview
. q

Water quality parameters, such as dissolved oxygen, nutrients, turb*dity,
toxic chemicals, heavy metals and pathogens, affect aquatic resources as well as
a variety of recreational activities in the Lower Hudson. The maintenance of
acceptable water quality levels is important to the continued viability of the
Lower Hudson River ecosystem. ) "

Although overall water quality in the Hudson River hd§ improved in recent
years as a result of the construction of new sewage treatmant facilities and the
upgrading of older facilities, there are still many segments of the Lower Hudson
with water qua]ity problems. For example, a variety of heavy metals, including
copper, lead, mercury, zinc, chromium and cadmium, have been found in the water
column of the heavily industrialized New York metropolitan region (NYSDEC, 1990).
In addition, concentrations of PCBs, cadmium, TCDD (dioxin) and.TCDF'(furan) in
fish and shellfish may exceed levels considered safe for human consumption and
are of concern, because they can be transferred throughout the agquatic food chain
(NYSDEC, 1990). '

The following excerpts 111ustrate the present general condition of the
water quality within ;he Lower Hudson (NYSDEC, 1990):

"Water quality in the River has improved steadily in recent years,
especially in the Albany ‘pool’ due to the completion of high level
secondary treatment plants serving the Albany County and Rensselaer County
Sewer Districts. Surveys and monitoring in this area have shown
relatively good water quality with respect to conventional pollutants.”

"Water quality in the mid-Hudson area is best, and it deteriorates in the
last twenty miles above New York Harbor due to the huge population
concentrations and resultant nonpoint, storm and wastewater discharges on
both the New York and New Jersey sides of the river. A combined sewer

A.1-7
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overflow study done for the City of’Yonkers indicates that water'quality
standards violations occur in the vicinity of Irvington. Construction is
currently underway to provide treatment of these discharges.”

Specific water quality parameters are briefly discussed below. PCBs in the
Lower Hudson are addressed at A.2 and A.3.

A.;.a.z Salinity

It is generally recognized that the Lower Hudson River can be described as
having four salinity zones: (1) limnetic or freshwater zone of less than 0.3
parts per thousand (< 0.3 ppt); (2) oligohaline from 0.3t05 ppt; (3) mesohaline
from 5 to 18 ppt and (4) polyhaline from 18-30 ppt (Cooper et al., 1988).
~ Although the location of each of these zones varies depending on the magnitude
of tidal and freshwater flow, a tidal freshwater region typically occurs above
River Mile 50-55; an oligohaline zone extends from River Mile 25 to 50; and a
mesohaline to polyhaline zone occurs below River Mile 25. Usually the polyhaline
zone is limited to the extreme lower reaches of the Lower Hudson in.the vicinity
of Manhattan. During periods of pronounced drought, however, the polyhaline zone
may extend beyond Manhattan (Ristich et al., 1977).

A.1.3.3 Temperature

Mean monthly temperatures recorded by the USGS at Green Island indicate
that freshwater entering the estuary ranged from a low of 0°C in January to a
high of 29°C in July for the period 1970-1981 (Moran and Limburg, 1986; Cooper
et al., 1988). Lower Hudson water temperature patterns are influenced by
freshwater discharge and ocean waters. For example, in the summer, ocean water
that enters the Lower Hudson is considerably cooler than freshwater. This
situation may result in temperature differences of as much as 11°C 1in the upper
and lower reaches of the Lower Hudson (Abood et al., 1976; Garvey, 1990). The
average annual temperature of water in the Lower Hudson is 12.3° C (NOAA, 1982).

A.1-8
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A.1.3.4 Dissolved Oxygen

Typical dissolved oxygen 1evgls throughout the Lower Hudson are between §
and 14 mg/1, depending on spatial and temporal constraints (Cooper et al., 1988).
Although there is considerable variability with season, the highest levell occur
in the late winter to early spring (Moran and Limburg, 1986). Dissolved‘bxygen
Tevels are generally undersaturated throughout much of the Lower Hudson during
the summer. Supersaiurated conditions may, however, occur in some shallow bays
as a consequence of algae blooms (Coopér et al., 1988). A survey by Garvey
(1990) during the fall of 1985 indicates that percent dissolvad oxygen saturation
values decline from 105 percent at River Mile 153 (supersaturation resulting from
photosynthesis) to 71.4 percent at River Mile 6.5. Increased sewage discharges
from the New York City metropolitan region result in increased biological oxygen
demand (BOD) and reduce the dissolved oxygen levels throughout mych of the saline
portion of the Lower Hudson compared to the more freshwater regions (Garvey,
1990).

A.1.3.5 Turbidity and pH
The main influence on turbidity in the Hudson River is the presence of

silt/clay particles that are transported either by marine sources or by
terrestrial runoff. Additional silt/clay particles may be resuspended within the

‘Lower Hudson by erosion or scouring. Turbidity in the Lower Hudson is generally

higher during periods of greatest discharge (Cooper et al., 1988).

Increased turbidity generally decreases 1ight transparency within the water
column, which, in turn, 1limits the extent of the photic (light) zone.

. Investigations in water bodies such as the Hudson and Delaware River estuaries

have demonstrated that light transparency is approximately one meter plus or
minus 0.5 meters, depending upon the season (Cantelmo and Wahtola, 1989).
Results of interpier light transmission studies along the west side of Manhattan
and the Westside Highway Project Study (NJMSC, 1984; EEA, 1988) indicate that the
photic zone is generally confined to the upper meter of the water column. These
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results are typical for near shore, relatively turbid estuarine waters. This
situation contributes to a large vertical attenuation of light and limits the
photic zone to the upper 1-1.5 meters.

. In the well-buffered Lower Hudson, very little spatial or temporal change
in pH values occurs. Although historical records reviewed by Cooper et al.
(1988) indicate that the pH in the Lower Hudson may vary between 6.4 and 8.2,
most measurements were above 7.0 (Moran and Limburg, 1986). Recent data
collected by Garvey (1990) throughout the entire Lower Hudson also confirms that
the system is well-buffered with slight pH variations of 7.6 to 7.8.

A.1.3.6 Municipal Wastewater Discharges

There has been a steady increase in municipal wastewater discharges since
1952, but daily BOD has declined as a consequence of the construction of new
sewage treatment facilities (Hetling, 1976; Moran and Limburg, 1986). Recent BOD
loading data are not available for the entire Lower Hudson. Hetling (1976) and
Moran and Limburg (1986) have calculated 1975 BOD loadings of 55.5 metric
tons/day and 131.5 metric tons/day for River Miles 14-152 and River Miles 0-14,
respectively.

A.1.3.7 Phosphates'and Nitrates

It is well established that sewage is the major source of both phosphates
and nitrates to the Lower Hudson (Deck, 1981; Moran and Limbufg, 1986; Cooper et
al., 1988; Garvey, 1990). Biological uptake of nutrients, such as nitrates and
phosphates by phytoplankton, has been shown to be insignificant compared to the
total amount of nutrients available within the Lower Hudson (Deck, 1981; Moran
and Limburg, 1986). '

Concentrations of ortho-phosphate above the salt front are generally less

than 95 pg/1 and range between 190-620 pg/1 below the salt front (Garvey, 1990).
The large increase in ortho-phosphate below the salt front is a result of the
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large inputs of sewage, which accounts for 73 percent of the total phdsphbrus‘
sources to the Lower Hudson (Deck, 1981). Concentrations of phosphates,

generally the highest during low freshwater flow conditions, typically occur
during the late summer (Moran and Limburg; Cooper et al., 1986).

The predominant form of nitrogen in the Lower Hudson is nitrate (Deck,
1981).. The only exception occurs below River Mile 18, where ammonia from sewage
is the dominant form of nitrogen (Deck and Bopp, 1984). Nitrate levels as
nitrogeq’are typically the highest (560 pg/1) just south of the salt front and
decline in the more saline reaches. The largest source of nitrates to the
freshwater reaches of the Lower Hudson enters the system from the Upper Hudson
(Moran and Limburg, 1986). The nitrates in the more saline portion of the Lower
Hudson are governed generally by ammonia additions from sewage and urban runoff
(Deck, 1981). |

A.1.3.8 Classification and Use

The Hudson River, 1like other surface waters in New York State, is

classified according to the intended "best use". The classification scheme for
the Lower Hudson, illustrated in Plate A.1-2, takes into consideration river
flow, water quality, condition of adjacent shorelines, and historic, present and
future uses. Drinking water is classified as A; swimming as either B or SB; fish
propagation and fishing as C; and secondary contact recreation (fishing and
boating) as I.

The Hudson River is used as a source for public water supplies in sections
of the river classified as A. There are nine Lower Hudson facilities that draw
Hudson River water directly for consumption, including five communities and four
institutions, camps or schools (Table A.1-2). In addition, a water intake
located at Chelsea (River Mile 66) north of Beacon is used by New York City as
an emergency water supply dﬁring severe periods of drought (NUS, 1984).
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Hudson River water is also used for industrial and commercial purposes such
as cooling, manufacturing processes, fire protection and hydroelectric and
thermal power generation. An inventory of such facilities and plants can be
found in reports for the Hudson River-Black River Regulating District (Malcolm
Pirnie, 1984) and for the NYSDOT (December 1984).

A.1.4 Aquatic Resources in the Lower Hudson
A.1.4.1 Conceptual Framework

There have been many attempts to conceptualize the structure and function
of stream:and/or river ecosystems, including those by Hynes (1970), Cummins
(1974), Whitton (1975), McIntire and Colby (1978), Cummins and Klug (197S), Moran
and Limburg (1986) and Gladden et al. (1988). Collectively, these studies have
generally emphasized four major categories of organic resources:

Primary Producers -- phytoplankton, periphyton and macrophytes;
Detritus -- particulate organic matter and associated microbial biomass;
Dissolved organic matter; and

E?n;umers -- microzooplankton, macrozooplankton, benthic invertebrates and
sh.

Primary producers include the phytoplankton, periphyton and macrophytes.
Phytoplankton are varied microscopic floating plants that have no power of

locomotion and are spatially dispersed by river currents; periphyton are those .

algae attached to various substrates, including rocks (epilithic), silt
(epipelic) or other plant species (epiphytic); and macrophytes are macroscopic
forms of aquatic vegetation generally limited to shallow (<10-15 feet) water.
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Detritus is any non-l1iving particulate organic matter derived from the

production of living populations of plants and animals. The primary source of —.

detritus may vary, depending on the nature of the aquatic habitat. For example,
in large bodies of water, most of the detritus is derived from aquatic plants;
in small forest-covered streams, the terrestrial contribution from the

surrounding watershed is dominant.

Dissolved organic matter is excreted by consumers, released from cells
during feeding, released due to microbial transformations or released by primary
producers. It includes amino acids, glucose, dissolved organic phosphorus and
dissolved organic nitrogen. '

Consumers include zooplankton, benthic invertebrates and fish. Additional-
1y, invertebrates in the Hudson River can be categorized into major groups,
depending on habitat preference and size. For example, the relatively small
zooplankton, 7.e., microzooplankton, are in the 50-500 ym size range; the largér
zooplankton, 7i.e., macrozooplankton, are generally in the 500-2,000 pm size
category. The benthos or bottom dwelling invertebrates may be further subdivided
into the epifauna, those organisms primarily inhabiting the surficial sediments,
and the infauna, 1iving predominantly within the sediments. Fish populations in
the Lower Hudson River can be broadly characterized as freshwater or euryhaline
year-round residents and those that utilize the Hudson during spawning or feeding
migrations.

The nutritional value of the four preceding categories of organic resources
is determined by a number of factors, including the C/N (carbon to nitrogen)
ratio, protein content and percentage of refractory (unavailablé) nitrogen.
Russell-Hunter (1970) has suggested that the lower limit of nutritional
requirements for organic resource consumers is generally 16 percent protein (dry
weight) and a C/N ratio of <17. In addition, Cummins (1979) notes that the C/N
ratio of organic resources varies considerably and some sources with a C/N ratio
<17 may sti1l not be considered "quality” resources. For example, fine detritus
(0.05 - 1.00 mm) may have a significant portion of refractory nitrogen, which is
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resistant to microbial transformations and/or direct consumer utilization
(Cummins and Klug 1979). The quality or nutritional value of food is especially
important in temperate lotic freshwater systems, which are more likely to
encounter seasonally high C/N ratios during peak spring detrital inputs from the
surrounding watershed. ’ n '

A number of studies have concluded that various autochthonous, primary.

~ production inputs (phytoplankton, periphyton and macrophytes) make important
contributions to aquatic food webs (see reviews by Wetzel, 1975 and Mann, 1975).
In some relatively fast flowing streams (>2.0 m/sec), periphyton (algae attached
to various substrates) may be the major contributor to primary production (Mann
1975). As stream velocity decreases, however, phytoplankton and macrophyte
production may dominate autotrophic processes (Taylor, 1971 and Wetzel, 1975).

Inputs provided by organic carbon from the surrounding terrestrial
watershed, including particulate and dissolved organic matter (allochthonous
inputs) are also important food chain constituents for maintenance of trophic
structure (Hynes, 1970). Organic carbon sources within upstream reaches of
various river systems have been shown to make significant contributions to the
lower reaches. For example, the largest source of allochthonous carbon to the
Lower Hudson (66,024 metric tons of carbon/yr) originates from the Upper Hudson
(Gladden et al., 1988). The following table provides some estimates of the
organic carbon inputs to the Lower Hudson (Moran and Limburg, 1986 and Gladden
et al., 1988). | |

Organic Carbon Inputs

Source . .. Metric Tons Carbon/yr Percent
Phytoplankton 36,364 14.8
Macrophytes M 5,364 2.2
Upper Watershed 66,024 26.8
Lower Watershed ‘ 43,254 17.6
Sewage 57,649 : 23.5

" Marine 36,898 15.0
Total. . 245,553 100.0

N |
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The amount of allochthonous inputs from upper watershed areas to the lower
reaches of many temperate rivers, including the Hudson, varies seasonally with .
discharge. The greatest discharge in the Upper Hudson occurs during the spring
(Cooper et al., 1988) and corresponds to the highest seasonal 1nput of
a]lochthonous carbon to the Lower Hudson (Gladden, per. comm. ) ;§

Although the relative importance of autochthonous versus allochthonous
carbon sources has been debated in the scientific literature (Stephens 1967;
Gladden et al., 1988), this relationship may ultimately'degend on the specific
nature of the system being investigated. For example, Fishér and Likens (1973)
showed that 99 percent of the energy input to a first order stream in New
Hampshire is from the allochthonous inputs. In a classic study of energy flow
in Silver Springs, Florida, Odum (1957) found that autochthonous production in
the form of freshwater eel grass was predominant. Gladden et al. (1988) and
Moran and Limburg (1986) calculated that approximately 65 to 831percentAof the
total organic carbon in the Lower Hudson came, respectively,.from allochthonous
sources in the upper watershed and from sewage effluents or from marine sources
in the lower watershed. Nevertheless, Gladden et al. (1988) speculated that much
of the allochthonous carbon may be refractory and of limited or reduced
nutritional value to the consumers, compared to autochthonous phytoplankton '
production. '

Studies of small watersheds and larger rivers (Fisher and Likens, 1973;
Fisher, 1977; Sedell et al., 1973; Schaffer 1978) indicate that more orgahic
carbon may be in a dissolved rather than particulate form. In a review of the
Lower Hudson River ecosystem, Gladden et al. (1988) remark that dissolved forms
of carbon must first be transformed into microbial biomass before they are
incorporated by various consumers, including zooplankton and benthic inverte-
brates. Since there is an additional transformation step, less net energy may
be transferred to the consumers by a dissolved organic carbon route than by a

- particulate route.
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In most systems investigated to date, trophic pathways and the efficiency
of organic carbon utilization are not clearly understood, because of the
complexity of interactions, resource partitioning and changes in food preferences
by many organisms during their life cycle. Particulate organic compounds
(allochthonous and autochthonous) grazed by organisms in the water column or
incorporated into the sediments may be utilized by zooplankton and benthic food
resources (Hynes 1970; Gladden et al., 1988). In many aquatic systems temporal
and spatial dispersal patterns, generation times and population fluctuations of
these lower trophic groups may, thus, exert a pronounced influence on the
foraging success of Jjuveniles and adult fish populations. As such, the
invertebrates are important trophic 1inks in the food web between organic carbon
-sources and fish populations. '

A.1.4.2 Physical Constraints

Many studies of lotic systems have established that a number of physi-
cal/chemical parameters (dissolved oxygen, temperature, nature of the substrate,
etc.) depend primarily on various hydrological features of the river basin.
Energy transfers between trophic levels and biotic spatial and temporal patterns
are inextricably linked to a variety of hydrodynamic factors responsible for
shaping and maintaining the stream channel. Of all the hydrodynamic factors,
stream current (velocity) is the most important physical factor regulating river
biota. Many freshwater river studies have acknowledged that longitudinal
distribution as well as species composition of primary producers and consumers
are'greatiy influenced by velocity (for review see Whitton, 1975).

Velocity is determined by a number of elements, including the size, shape
and roughness of the channel, load of suspended sediments and gradient. The
gradient in the Upper Hudson from Fort Edward to the Federal Dam is approximately
1 m/mile (Sanders, 1982), which produces a slow to moderate velocity from 0.3 to
1.3 m/s (Simpson, 1974). Although the gradient in the Lower Hudson is 0.01
m/mile (Helsinger and Fiedman, 1982), the velocity is driven by tidal influences.
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The maximum velocity in the Lower Hudson is estimated to range from 0.5 to 1.0
m/s (Garvey, per. comm.).

In large measure, stream velocity determines what type of bottom substrate
may be present. For example, erosion of sand and gravel beds generally occurs
at velocities >1.7 m/s, deposition of sand occurs at velocities of 0.3 to 1.2 m/s
and silt particles normally settle out at velocities <0.3 m/s (Terrell and
Perfetti, 1989). Both the physical nature (average grain size, silt/clay
fraction, range of particle sizes, etc.) and chemical nature (rate of exchange
of compounds and gases across the sediment/water interface, vertical gradients
of Eh, interstitial oxygen, etc.) of the stream bed are major constituents
controlling the distribution of many benthic organisms.

A.1.4.3 Trophic Components in the Lower Hudson

Primary Producers

It is well documented that phytoplankton are the dominant primary producers
within the Lower Hudson (Moran and Limburg 1986; Gladden et al., 1988). Although
other groups of primary producers, such as the macrophytes, are believed to
represent additional sources in estuarine ecosystems (Gladden et al., 1988),
productivity values are not generally available for the Lower Hudson.

Estimates of phytoplankton gross productivity range between 100-250 g
carbon/m*/year from River Mile 0 to River Mile 76 (Sirois and Fredrick, 1978).
The highest productivity occurred during June and July and decreased dramatically
in August (Sirois and Fredrick, 1978; Gladden et al., 1988), as explained later.
Analysis of spatial trends in the data of Sirois and Fredrick (1978) indicated
that gross primary production during May through October, 1972 was the highest
within the Tappan Zee and Croton-Haverstraw regions (approximately, River Miles
28-38) and declined farther upriver and farther downriver (Gladden et al., 1988).

A.1-17 8n
P
01 0495

.
v \



BE Ll |

Gladden et al. (1988) point out that the reasons for the rather large
spatial and temporal variations in phytoplankton productivity may be attributed
to the variations in river physical characteristics, flow patterns and light
intensity. Hudson River phytoplankton are light rather than nutrient limited
(Heffner, 1973; O’Reilly et al., 1976; Storm and Heffner, 1976). In addition,
phytoplankton may tend to increase and concentrate in the low-flushing, shallow
regions of the Lower Hudson, such as the vicinity of River Miles 28-38.

Weinstein (1977) and others (Fredrick et al., 1976; Storm and Heffner 1976;
McFadden et al., 1978; Moran and Limburg, 1986) have indicated that phytoplankton
species are distributed in the Lower Hudson along spatial and temporal gradients.
For example, more marine phytoplankton dominate the lower reaches (River Mile
<25) of the Hudson River, while more brackish water and freshwater species
dominate the middle (River Mile 25-50) to upper reaches (River Mile >50),
respectively. During the warmer summer months, phytoplankton species are
dominated by the Chlorophyta (green algae) and Cyanophyta (blue-green algae),
whereas from the late fall through spring, Bacillariophyceae (diatoms) are often
the most numerous. Typical dominant phytoplankton found throughout the Lower
Hudson (Moran and Limburg, 1986) are listed below.

Chlorophyta (Green algae)
Chlorophyceae
Pediastrum
Scenedesnus
Ankistrodesmus
Chrysophyta
Bacillariophyceae (Diatoms)
Asterionella
Melosira
Cyclotella
Chrysophyceae (golden or yellow-brown algae)
- Chrysococcus
Cyanophyta (Blue-green algae)
Anabaena
Anacystis
Pyrrhophyta (Dinoflagellates)
- Ceratium
Porocentrum

c6yo 100 s
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In addition to the contribution of phytoplankton to primary production,
periphyton and aquatic macrophytes may also represent a primary food source for ~™
a variety of consumers. There have been no studies of periphyton in the Lower
Hudson, but a number of studies have described Hudson River macrophytes,,

The following 1ist of common macrophyte genera in the Lower'Hudson_has'been
compiled from a variety of sources (Kiviat, 1973; McFadden et al., 1978; Moran
and Limburg, 1986). '

Genera ’ Common Name

Anacharis (Elodea) Waterweed

Carex Sedge

Cyperus Sedge

Eleocharis Spike Rush

Heteranthera Water Star-Grass .
Lythrum Purple Loosestrife -
Nyriophyllum Milfoil

Najas Naid

Nuphar Spatterdock

Peltandra Arrow-arum

Phragmites Common Reed

Pontedaria Pickerelweed :
Potamogeton : Pondweed N
Sagittaria ' Arrowhead

Scripus : Bulrush

Sparganium Bur Reed

Spartina ~ Cord Grass

Trapa* ' Water-chestnut

Typha . Cattail

Vallisneria Water Celery

Zizania Wild Rice

* Introduced species of European or Asian origin.

menhmwrmmmmmausmﬁﬂpﬂﬂmsﬁmumﬂﬁu.Fwenmu;
salt-tolerant plants such as Spartina are common in the lower and middle reaches
of the Hudson River, but are replaced by Peltandra, Nuphar, Typha, Vallisneria,
Nyriophyllum and Potamogeton in the freshwater marshes in the upper reaches
(McFadden et al., 1978; Moran and Limburg, 1986). At times, some introduced
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species such as water-chestnut and purple loosestrife form extensive monocultures
within the Lower Hudson and displace a variety of more desirable native plants
such as cattails, sedges and bulrushes (Moran and Limburg, 1986; Stalter, per.

comm., 1991).

Since productivity estimates for Lower Hudson River macrophytes are not
available, it is not possible to ascertain the exact contribution of macrophytes
to the total organic carbon sources. Moran and Limburg (1986) estimate that the
7.7 square miles of marshlands in the Lower Hudson should produce about 5,364
metric tons of organic carbon annually. Given these estimates, the net
contribution of macrophytes is less than three percent of total organic carbon

sources.

Consumers (Invertebrates and Fish)

Invertebrates

Invertebrate consumers in the Hudson River estuary are a heterogeneous
group of organisms that link estuarine organic carbon sources and' fish
populations. Patterns of invertebrate temporal and spatial dispersion,

generation times and population fluctuations may exert a pronounced influence on

foraging success of larvae, juveniles and adult fish populations in the Hudson
River estuary (Gladden et al., 1988).

Although the two general categories of invertebrates (zooplankton and
benthos) can be further subdivided depending on habitat preference and size,
i.e., microzooplankton, macrozooplankton, benthic epifauna and benthic infauna,
the following discussion focuses on dominant members of the two general
categories in order to develop an overview of how invertebrates are spatially
distributed throughout the Lower Hudson. ’ |
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There have been numerous studies and reviews (Ristich et al., 1977;
Weinstein, 1977; Gladden et al., 1988; Moran and Limburg, 1986; ) of inverte- ™
brates throughout the Lower Hudson. Listed below are some of the dominant taxa

of benthic (b) and zooplankton (z) invertebrates found in the Lower Hudson.
3 .

3
Aquatic Insects
Diptera [Chironomids (b)]
Rotifera v ‘
Ploima [Keratella (z), Brachionus (z)]
Mollusks
Gastropoda [Valvata (b/z), Hydrobia (b), Nassarius (b)]
Pelecypoda [Congeria (b), Mya (b), Macoma (b),
Crustaceans :
. Amphipoda [Gammarus (b), Leptocheirus (b)]
Cirripedia [Balanus (b/z)]
Cladocera [Bosmina (z), Diaphanosoma (z), Hbina (2)]
Copepoda [Acartia (z), Eurytemora (z), Temora (z)]
Decapoda [Crangon (b), Palaemonetes (b)]
Isopoda [Cyathura (b), Edotea (b)) ’
Mysidacea [Neomysis (b)] - : y

Annelids
Oligochaeta [Limnodrilus (b), Nais (b))
Polychaetes