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1.0 introduction

This Work Plan outlines the proposed approach for confinued characterization of sediment qguality in the
Hudson River adjacent to the BASF Corporation {BASF) facility in Rensselaer, New York (Figure 1-1}. In
addition, this Wark Plan outlines the scope of wark for the baseline ecologioal rlsk assessment {BERA) and
hurnan health risk assessment (HHRA) for the Hudson River adjzcent to the BASF facility. This Work Plan
has been prepared by ENSH Corporation (ENSR) on behaslf of BASF.

The BASF Rensselaer facility (the "Site”) is the subject of an ongoing envirohmental investigation under New
York State Depariment of Environmental Conservation (MYSDEC) regutaiory authority. The Hudson River
adiacent o the Rensselasr facility is part of Operable Unit 2 (OU-2), which was designated by NYSDEC io
include offste areas noi evaluated under the Remeadial Investigation (R} of the BASF Rensselaer Main Plant
{OU-1}. The oifsite OU-2 RI at the BASF Rensselaer facility alzo included investigations of ofisite soil gas and
grourddwaier; findings from these elemeants of the QL2 B are reported elsewhsre (8.4., Roux Associates
[Roung, 2000; Aoux, 2001; Roux 2004a).

1.1  BASF Program Objectives

As reflected in the Risk Bazed Surface Water and Sediment Decision Path {Figure $-2), BASF's objectives for
the sediment and surface water in the river adiacent to the She are consistent with those used for the remadial
actions performed in the upland areas of the Site:

1. Eliminate any significant risk to human health or acologlcat receptors,
2. Provide for ongeing improvement of condltions in the river environmant(s), and
3. Provide for behsficial reuse by providing ecological enhancement and value to the river.

This Work Plan provides the scope of work for evaluation of the initial objective {i.e., the Work Plan provides
the basis far svafuation of the potential for risks to human health and ecological receptors relative 1o
environmental media in the Hudson River in the vicinity of the Site).

1.2  Site History

industrial use of the Renssolacr property dates {o tha late 1800s, when fhe firel dye manuwfacturing plant was
constructed by the Albany Aniiine and Chemical Company. The Site was originally pant of a larger property,
which inciudad the adiacent Albany Moleoutar Research, Inc. {Albany Molecuiar), propetty to the norin. Dye
manufacturing was conducted on both properties. The two propesics were separaied In approximately 1917
whan Sterding Drug Campany ("Sterling”) acquired the properties and sold what ks now the BASF Site. The
two properties continued to use cominon utilities, stch as production sewsrs. The Site was owned and
operated as a dye manufacturing plant by several corporate entities and the United States government {from
World War IF unti] 1954). BASF agquired the property in 1978 from the GAF Corporation. BASF ended
manufacturing operations at the Sits on December 31, 200H4.

BASF has been performing site investigation and remedial action activitios at the Sile since s closure and, as
of this time, has: {1} instalied & Site-wide groundwater treaiment system; {2) completed the remedial action of
wo former wastawater reatment lagoons; {3) implemented a large inferim remedial measure, consisting of the
removal of several thousands of tons of seil in he area known as the Main Plant; (4) performed in-siu
treatment of arsenic n groundwater; and {5) completed the majority of the actions reguired by the N¥YSDEC for
closure of the farmer on-Site tandfifl,
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1.3 Previously Completed Studies

The Hudzon River study area has been the sublect of several investigations during the past desade. The dats
¢oflected from these various programs were used to develop the scope of work in this Wark Plan, and are
discussed in further detail in Section 2 of this Work Plan and in the {1J-2 Site Investigation Report {ENSR,
2007).

1.3.1 investigations Related to Future indusirial Use of the Property

Lacal river condilions immediately adjacent to the Site were characterized in March 2001 to support the design
of a proposed water intake and discharge structure for & pianned power plant and newspaper recycling factity
(ENGR, 2001). The fisld survey spanned approximately 1,600 fest (1) of river adjacent to the Site, and
included bathymelric, river current and water guality data collection, side-scan and sub-boltom imaging, and
sediment gralr samplas, As part of this affor, three surface sediment grab samples and nine sediment cores
were collected and analyzed far grain size, molsture content, total organic carbon {TOC), total petroleum
hydrocarbons (TPH) {(gascline range organics and dissel range organics), benzene, toluene, ethylbanzane,
xylenes (BTEX}, poiychiorinated biphenyis {PCBs), pesticides, and metais.

1.3.2 BASF Sediment Screening Study

BASF conducted a scresning level assessment of sediments in distinct locations within the Study Area in May
2004 {Roux, 2004b) as part of the evaluation of OU-2. As required by NYSDEC, historical maps and records
were reviewsd to identify alf outfall locations to defermine selection of river sediment samping locations.
Through this investigation, BASF identifiad the following five sewer outfalis to the Hudson River in the vicinity
of the Site (Figure 1-3);

= One inactive, B-inch, cast iron sewer in the northern part of the Lagoon Area {localed it the westerly-
most portion of the Site aiong the shoreling), probably related to storm waler;

« Twa nactive productian sewers in the northem part of the Lagoon Area;
« & storm sewer owaed and used by the Town of East Greanbulsh; and

« Astorm sewer owned and used by the City of Rensselasr.

The two inactive production owtfalls related to past facility cparations were used until 1975, when the Morth
and Bouth Lagoons wers constructed and the effluent from the (GAF and Starling wastewater freatment plants
were discharged to the iagoons. One of the cutfalls is an abandoned 30-inch tile sewer that was used before
lagoon construction, and the other is a 30-inch diameter cast iron temporary effluent fine that was apparently
used only during lagoon construction. The abandoned 30-inch tile sewer was also used by Sterfing, a prior
awner of the Albany Molecular site.

The Town of East Greenbush and City of Rensselaer storm sewers are not related o past piant opserations,
but continue to ba used by those municipalities. Bedding surrounding these sewers was identified during the
Qi)-1 investigation as a potential migration route for dissclved phase volatile organic constituents (VOCs) in
groundwater. The City of Rensselaer storm sewer originates east of the fain Plant area, and may reprasent a
conduit for compounds originating sast of the Site 1o be {ransported to the Hudson River,

Az part of the Roux (2004b) study, 17 sediment samples wers collected and analyzed. Two sedment samples
were coliected in the immediate vicinity of sach of the five outfalls, and additional samples were collected
upstream {north} and downstream (sowth) of the Site, and across the river (west) of the Site.

Samples collscted In the vicinity of the two municipal outfalls were analyzed for TOC, Target Analyte List {TAL)
meials, and VOCs. All other samples also included semivotalife organle compounds (SVOCs) in the analyte
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ist. In addition, sludge samples were collected from manholes in the stonm sewers near the outislls, where
possible. Analytical results were compared to NYSDEC regulatary straening criteria to provide a general
understanding of sediment quatity. Analysis of these resulls suggested that additionat sediment sampling was
nesded to betler characterize conditlons in the area.

1.3.3 NYSDEC Benthic Survey Program

An extensive mapping survey of the entire 240-Kilomster fida! reach of the Hudson Rivar, ncluding swath
bathymetry, side-scan sonar, sub-bottom profiling, sediment-protiie imaging and grab samples, was perfarmad
by NYSDEC in 2003 (hitp:fhenthic.info). These data have besn analyzed to develap reach-wide bathymetry,
substrate, and sediment enviranment maps and were made availabie to researchers for additional, detailed
analysis, ENSH, on behalf of BASF, obtained an electronic copy of the NYSDEC data in July 2005 for review
relative o the BASF Hudson River samgling program.

As part of the She Investigation Work Plan (ENSH, 2005) develupment, & critical review of the NYSDEG
benthic survey was canducted (o evaluate whether these exleting geophysical data support bortam
classifications and sediment fransport regimes assigned by NYSDEC, and fo determine whether or not the
axisting geophysical data were of adequate resolution to support the design of a sediment sampiing and
analysis program in the Study Area. This review determined that additional higher resolution survey work was
needed in order to better understand substrate and habitat conditions.

1.3.4 2005-2006 Site Investigation

Based on the findings of the Sediment Screening Study (Roux, 2004b), BASF prepared a work plan (ENSH,
20105} to better characterize the rivar environment, evaiiate the vertical and horizontal extent of selected
inorganic and organic compounds in sediments in the near-Site envirohment, and prediminarily assess
potential irmpacts of exposurs to hurman heslth and ihe environmant. Field work implementing this work plan
was conducted from November 2005 through May 2006. Resuits and chservations fram this study were
reported in the Slie Investigation Report {ENSR, 2007}, which was submitted in draft form to the NYSDEC for
review in February 2007. On April 3, 2007, NYSDEC providecd technical comments on the Draft Site
Assessment Report, and the final, revised Site Assessment Repart was provided to NYSDEC in June 2007,

The Site investigation included a number of investigative siudies, including the following activities:

s A geophysical investigation, including a side-scan sonar survey, was sonducted over more than two
miies of river bottom to provide information on river bathymetry and to identify the type of matetial on
the river bottorn. Thig information was used to heip select sediment sampling locations.

+ Suricial and sub-strficial sediment sampling was conducted in areas upstream of, adjacent to and
downstream of the Site to better characterize distribution of compounds in the sediments.

« Surface water samples were collected from within the river water column to determine potential
impacts to surkace water,

+ Sampling of the benthic macroinvertebrate communities was conductad to evaluate diversity and
abundance of species and relationships betwsen benthic cammunily biclagy, substrate quality, and
proptmity to the Site.

» Screening leve! sk ecological and human health risk assassments wers prepared to detetmine the
potential for risk to human health and/or the ervironment associatad with polential exposwe o suriace
water and sediment.

The 2006-2007 Sie investigation program inciuded the coliection of nearly 200 sediment samples ai depths
ranging from the surface of the river hottom to approximately 12 feet below the surface. Sampies were
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analyzed for a wide range of compounds and physical characteristics. The detailed evaluations presented in
the Site Investigation Report (ENSH, 2007) resulted in the following conclusions:

Compound cancentrations in suface water samples adjacent to the Site were simitar to upsiream
concentrations,

River sediments located inmediately adjacent to the She contain high levels of inorganic compounds
{e.g., cadmiurn, chromium, copper, lead, mercury, and zinc) and VOCs (e.qg., several chiorinated
henzenes, banzene, ethylbenzene, ioluene and total xylenes). Thesa compounds are primarily located
in sediment near the five cutfalls focated adjacent fo the Site. Compounds were detected in deep and
suificial sediments.

Coarser-grained sediments located in the vicinity of the Site, but further west of the nearshore ares, do
not contain slevated levels of compounds, suggesting that the extent of Site-reiated impacts does not
extend far beyond the Site to the west.

Elavated levels of certain inorganic compounds (e, catdmium, chromium, copper, iead, mercuery, and
zZinc) are present in sediment in the central portion of the river located downstream of the southemn-
mast outiall. This area is now a depositional environment that is located where historic navigational
dredging aperations cogurred. | appears that at feast soms of the compounds present in these
sediments may have origihated at the Site.

A screening level HHRA indicated there is no unaccepiable risk to human heakth from exposure to
sedimant or surface waier adiacent to the Site. Compound concentrations it surface water samples
adiacent to the Site were similar to upstream concentrations and most were below applicable surface
water standards, Individuals are not expected to come inte contact with the sediments in the vichnity of
tha Sits because of a vertical metal bulkhead that forms the shorefine batween the Site and the river.
Indusirial facifities located on the opposite bank further limit Site access. The Site is secursly fenced
and guarded, further restricting access o the river. Finally, the impacted sediment is beneath at least
five fest of water. The screening level HHBA concluded that additional data analysis may be required
to hetter understand potential retationships between VOCs in the sediment and fissue residues in fish.

A screening kevel ERA indicated that surface water is not a medium of concern at the Site. Campound
concentrations in surface water samples adjgeent to the Sile were similar o upstream concentrations
gnd most were balow applicabla surface water standards for the protection of aguatic life. Inorganic
and VOO concentrations are present in excess of NY3DEC sediment soreaning criterla in surficial
sediments near the Site; howsaver, no significant difference was found in the diversity or abundance of
the magroinvariebrate communities near the Site, and upstream of the Site thers is no evidence of
Sie-refated impacts. Similarly, no refationship betwean elevated levels of compounds in the sedimant
and the macroinvertabrate communily health was ocbearved. The screening level ERA concluded that
additionaf risk analyzis is necessary io better evaluate the polential for ecological rlsks assaclated with
exposire to surficial sediments.

A number of data gaps and data neads were identifled. The horizontal and vertical extent of
potentially impacted sediment is not fully evaluated, the river cynamics in the vicinity of the Site are
camptex and not fully underatood, and additional evaluation is warranted {o defermine whether or not

a polential for unaceeptabis risk {o hurnan health or the environment exists due to exposure 1o COPCs
in sediment.

13.5 Work Plan Objectives

Based on the investigations ouliined above, additionat studies are warranted to further characterize conditions
in river sediments adjacent 1o the BASF RBensselasr facility. This Work Ptan presents the scope of work for
fhese studies.
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For the purposes of this Work Pian (and consistent with the previcusly issued Hudson River OU-2 Site
investigation Report [ENSR, 20071}, the daia gathered from the various historic sampling and analysis
activities have been segregated into discrete groupings based on proximily to the Site (Figure 1-4). Much of
the remainder of this Work Plan discusses the historic data and the data needs within the context of the
following reaches of the rivar:

The Upstream data set includes sampies coliecied upstream of the Influence of the Site (i.e., this data
sef serves as the Reference Condifions data sel). Rig assumed that the data from this reagh of the
tiver are uninfiluenced by Site conditions and reprasent anthropogenic urban background conditions. .

The Adjacent Nearshore dala set includes samples located within a band of muddy sand
immediately adiacent and o the wesi of the Site. This band of muddy sand extends approximately 90
to 185 ft to the west of the Site bulkhead belore transitioning to coarser-grained matedal (Le., the
Adjacent Far Fiald).

The Adjacent Far Fleld data set includes samplas collected in the more coarse-grained sediment
located to the west of the muddy sand sampies in the Adiacent Nearshore sampling reach, The
Adiacent Far Fleld data set is within the same river reach as the Site, but may not be infiuenced by the
Site.

Tha Upper Navigatlonat Channel dats set includes samples coliected immediately downstream of
the Site. in a depositional environment that is co-located with what is understood to be the
northernmost extent of an area where New Yark State has reportediy conducted periodic navigational
dredging to maintain depth for shipping purpases (sea Saction 2.5 for a brief description of the
navigational dredging operations}. A deepwater {30-40 ) navigational channel of the river continues
rorth of the Site; however, navigational dredging is not known io occur beyond the southern edge of
the Site. EIn response to comments from NYSDEC, the southernmost {downsiream) axtent of the
Upper Navigational Channet has been expanded for the purpose of the proposed investigation (see
Figure $-4).

The Downstream data set inciudes samples coliacted downstream of the Adjacent Nearshore reach
of the river, approximately 1,800 feet downstream from the southerly Site outfall owned by the Clty of
Renszeizer. These samples are also located within the dredged navigational channel. As a result of
the findings in the Site Investigation PReport (ENSR, 2007), no additfonal sampling or analysis of the
Downstream Area is prapesed. The COPL concentrations in this region are consistent with upstream
reference conditions. : :

Findings of the praviously completed Site Investigation (ENSR, 2007) identified potential exposure pathways
and environmental media requiring further investigation, including the following:

1}

2

3

4)

Further evaluation of the nature and harizontal exdent of inorganic COPCs is waranied, particularly
in the vicinity of the Upper Navigational Channet.

Further evahiation of the vertical extent of selected inorganic COPCs and VOGs is warranted in the
Adjacent Mearshore and to a lesser extent at the eastern boundary of the Adiacent Far Field study
area.

Addifionai data are needed to help dafine the potential risk(s) posed by exposure o COPCs in the
surficial matix fo human and scological receplors.

Additional analysis of existing surface water and sediment data is required to better evaiuate the
complex hydrologic and hydrogeciogic retationships existing betwean the Site and surrounding
areas,
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5} Evaluation of historical and newly collected bathymetric and navigationail dredging data is warranted
to better understend the dynamic estuaring environment adjacent to the Site. :

In April 2007, NYSDEC provided camments on the Site Investigation Repart and requested additional
sampling and analysis activifies to help fill data gaps identified in this report. This Work Plan has been
designed to articulete the study design and data guality objectives (DQO0s) required to achieve these
objectives, incorporales sampling and analysis aclivities in response 1o comments provided by NYSDEC, and
inciudes & description of the scope and nature of investigative and sampling programs which will be
undartaken. Specifically, this Work Plan presents a scope of work for the following investigative and data
analysis achivities:

«  Sampitng and analysis of surficial and sub-surdicial sediment;

*  Sampiing and analysis of surficial sedimant porewater:

«  Sampiing and analysis of benthic mactainveriebrate communities:

» Laboratory texicity testing:

» Focused geophysical and bathymetric surveys; and

* Preparation of a baseling ERA and HHRA report,

1.4  Regulatory Authority
This Report has been prepared in accordance with the following relevant state quidance;

= Draft DER-10 Technical Guidance for Site Investigation and Remediation (NYSDEC, 2002b).

1.5 Document Organization

The remainder of this Work Plan is organized in the following manner:

*  Section 2.0 Concepiual Site Modet

* Section 3.0 Field Sampling Scope of Wark

* Ssction 4.0 Reparting

» Section 5.0 Project Organization

* Section 6.0 Schedule

« Seclion 7.0 List of Commaonly Used Acronyins

+ Section 8.0 References
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2.0 Conceptual Site Model

The concepival site modet (CSM) provides an important basis for the conceptualization and evaiuation of
constituent tate, transport, potential impacts, remedtation, and restoration. Notably, the CSM is critical for
defining the nature and sxtent of site-refated constituents and observed concentrations relaiive to background
conditions, as well as for developing an understanding of the effscts of anthropopenic {e.g., releases and
navigational dradging) and natural factors (e.g., effacts of grain size, carbon content, depositionat and
erosianal pattems, etc.} on compound concentration patterns in sediment. In addition, a well-designed CEMis
heipful reiative to identifying data gaps and data needs, should additional studies be raquired at & sediment
site, and may be a valuable taol for evaluating the effectivenass of remedial allematives, should unaccepiable
tisks be identified.

The Hudson River CSM discusses the apparent mechanisms of constifuent movement from the Shte info the
river as well as the distribution of various sediment environmenis/habitats in the river as they might affect
constituent distribution. The C8M summary presented in this section describes the orlgin (sources) of COPCs,
as well as potentiat transport pathways, exposure pathways, and receptors. This CSM is presented as a
series of working hypothases considering how chemical stressors in the river might interact with human and
acological receptors in the vicinity of the Sile (Figure 2-1}.

The previous Work Pian {ENSR, 2005) pressnted a prefiminary CSM that defined the river system and the fate
and franspart mechanisms af work within it. The CSM narrative was extensively updated in the Site
Investigation Report (ENSR, 2007} to incarporate results and observations from the November 2005 through
May 2008 field effort. A brief summary of the C5M s presented below.

+  Several sources of COPCs in sediment exist, including: {1} potential Site-related sources of sediment-
associated compounds such as production sewers; (2) potential near-Site sources of compounds
other than the Sie such as storm sewers; and (3) potential anthropogenic sources of compounds in
this urban system other than the Site {e.g.. urban background sources of sediment-associated
compounds).

s The evaluation of surface water in the Site Investigation Repori (ENSR, 2007) indicated that very litfle
dissolved phase transport of potentially Site-related compounds is ocowrring from the Site. With the
exception of two relatively common laboratory contaminants, no YOCs were detected in surtace water
sampies collected in the water colurmn immediately adjacent to the Site and overlying some of the
mast VOC-impacted sediment. Dissolved phase rmetal concentrations in the water column (as wel as
cancantrations of total recoverable metais) were consistent with upstream conditions.

« The nature and extant of patentially VOC-impacted sediment are weil characterized and well
delineated along most of the Site, with the possible excepiion of the deeper sediment herizons at the
southem end of the Adjacent Nearshors area, and the westerly boundary of the Nearshore and Far
Field Adjacent reaches. The available date suggest a historic discharge of VOUs, rather than a
diffuse or ongoing sowrce. The VOCs appear ko be limited to the muddy sand in the immediate vicinity
of the outtalls: no evidence of downstream transport of the VOCs existe. The VOGs of potential
concern are gonerafly concentrated around the utfalis {both the hisioric Site outfalls and the active
mumicipal outfalls) (Figure 2-2). The sediment chemistry al the five outfails is not entirely consistent,
suggesting that several temporal or spatial primary sources may have contributed.

+ VOO concentrations are variable in the sediments, boih horizontally and vertically. A sharp transition
exists between cleaner coarss-grained sediments in the Adjacent Far Field and Adjacent Nearshore
muddy sands relative to VOC concentrations. Downsiream transport of VOCs as weli as transport to
the west {across-fiver transpord) is limited. The band of potentiaily-impacted Adjacent Nearshore
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muddy sand extends 90 to 185 linsar ft west of the Site bulkhead prior to transitioning to coarser-
grained maierial in the Adjacent Far Field. Oulside of the depositional sediments adjacent to the Site,
VOC concentrations were lower or not detected. In general, higher VOC concentrations were
ohservad in the sub-surficial sedimeants with some of the highast cancenirations in the 4 16 6 f hardzon,
While the vertical extent of VOC-impacted sediment has largely been delineated in this study, thers

are seversl areas where a potential data gap exists refative to the extent of VOCs in the deeper
sediment horizons.

a  Higher inorganic compound concentrations are found in areas of fine-grained sediments indicative of
deposifional areas, including those adjacent o the Stte {Figures 2-3 and 2-4). The inargarnic
sompounds immediately adiacent to the Ste are similar in makeup to those pravicusly abserved in
upland areas at the Site, suggesting that some of the metals may have originated on the Site.
tnorganic compound concentrations upstream of and adjacent to the Site (in the Adiacent Far Field)
are generally consistent with one-anather, suggesting that the Site is not the source of these melals,
but rather they are likely indicative of anthropegenic whan background concenirations in the river.

s Metals appear to be highest in the Adjacent Nearshore and the Upper Navigational Channel areas. in
the Upstream reach, melals ooour in surficlal sediments at concentrations typical of urban/industrial
areas, and at times ceour at concentrations in excess of NYSDEC guidelines. In the mmediate
vicinity of the Site, concentrations are elevated refative 1o the main channe! and exceed NY3SDEC
guidelines. The areas of higher concentrations carraspond to depositional sediments {L.e., muddy
sand) with finer grain sizes. The highest concentrations also correspond with the tocations of historic
cutfalls: in genaral, more elevated concentrations are found in deeper strata, rather than in surficial
sediment samples. In addition 1o the vertical trends, there is considerable horizontal variablity in
concentrations of several metals. it iz possible that some of the ohserved hetsrogenetdly is refated to
factors such as TOG andior grain size. The wesiern extent of potentially Site-associated inorganic
compounds in sediments ks clearty marked by the interface with the sandier substrate in the Adjacent
Far Field where inorganic compounds were either not detected or were consistent with background
samples in the Upstream reach.

« Flovated levels of metals are apparant in the vicinity of several sampling stations within the Uppar
Mavigational Channe!, Immediately downstream of the southerly Site outiall owned by the Clty of
Rensselaer. Alhaugh it iz possible that metals in the Upper Navigational Channet griginated at the
Site, this area represents the northermn extent of navigationa dredging and these sampling locations
are associated with & dramatic change in riverine bathymeatry {Figure 2-5} as well as increases in
sediment TOC and decreases in grain stze, all consistert with & depositional zone. Thersfore, it is
unclear if the mederately slavated levels of inorganic compounds presant in this area are related to
the Site or are potentially asscciated with a ghange in sediment texture associaled with the dredge-
related depositional zone immaedistely downstream from the Site.

+ Given the magnitude of water and sediment discharge in the river and the relatively low flux of
groundwaier and surface runcff from the Site, # is anticipated that any Site-related effects should be
retatively ocalized. Few Site-related salids ars liksly to deposit in the relatively fast water of the main
tiver channel; they are likely to have deposited anly in the relatively slow maoving waler along the
margins of tha river.

= Human exposure pathways o sediment and surface water are largely incomplete, Potential human
exposure fo sediment at the Site is expected to be minimal, given the limitad access to the Site and
the adjacent sediments. Surface water does not appear to be a medium of concamn ai this Site and
therefore surface waler exposure pathways are assumsd to be incomplete.

» The majarity of potential ecological expasure pathways also appesr to be incomnplete. However,
benthic macroinvertebrate receptors may be exposed to surficial sediments adjacent to the Site. The
benthic commLrity in this reach of the river is largely comiprised of worms and midge larvae — a review
of avatiable data suggests that upstream and near-Site ecological communities are similar, and that
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riesdther proximity o the Site nor compound concentrations refate to macroinveriebrate community
fithess.

Potential Data Gaps

Foltowing the completion of the Site Investigation Report (ENSH, 2007) and the updating of the CSM, the
following potential data gaps were identified:

Although the vertical extent of VOC-impacted sediment has largely been delineated, there arg several

areas where a potentlal data gap exiats relative 10 the exdent of VOCs in the deeper sediment horizons
fl.a., below 10 #).

Sedimant sampling horizons evaluated in tha Site Investigation Report (ENSR, 2007) did not includa
the layer between 0.5 and 2 ft helow sediment suface. This horizon may be cccasionally accessed by
deep burrowing benthic arganisms that could be present in the Study Area, and could be re-
suspended as a result of storm events or other disruptions.

Althouah few PET compounds were detected in sedirnant or surface waler, NYSDEC's technicat
comments on the Draft Site investigation Report indicated an interest in the possibie bicaccumutation
of COPCs inta fish, particularly bottom-feeding species.

The evaiuation of the polential impacts to banthic receptors In the Site investigation Report (ENSR,
2007) considared sediment chemistry and benthic communify metrics, but not toxicity testing. Toxicity
testing represents an mporiant component of an ERA sediment evaluation and allows a direct
measurement of potential risks to e benthic commurdty. Furthermore, NYSDEC has historically
requasted chronic toxicity testing.

This Work Plan has been designed fo address these data gaps, as well as other topics, through the collection
of additionat daia and further review of exisiing information,
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3.0 Field Sampling and Data Gathering Scope of Work

This section of the Work Plan describss the procedures that will be implemented for the fisld sampling and
data gathering activities at the Site. The field program includes the Tollowing activities

+ Sampiing and analysis of surficial sediment;

»  Sampling and analysis of sub-surficial sedimant,

» Character\zation of pore water from surficial sediment;

« Benibic macroinvertebrate cammunity characterization;

= Laboratory toxiciy testing with a benthic macreinvertebrate species:

» Stomm drain and catch basin sampling efforts; and

»  Focused geomorphoiogy and bathymatric surveys.
The sampling and analysis activities presented herein were selected to fill the data gaps identified in Section 2
of this Work Plan. The proposed sampiing activities address the reguest for additional studtes outlined by

NYSDEC in their April 2007 cormment letter on the Site Investigation Report. In this comment letter, NYSDEC
identified the need for the following sampiing activities:

»  Additional downstream sediment sampling and analysis. This request is addressed in Sections 3.3
and 3.4, below.

L] sampling for Toxic Characteristic | eaching Procedure (TCLP) analysis. Because BASF is
currently undertaking an investigative phase of work to determine tha need for and extent of any
remedial response action at this Site, TCLP sampling for waste characterization is pre-matere. ¥ the
rastitts of the human heaith and ecological risk assessments indicate that an unacceptable risk ocours
int the Hisdson River at the Site, then TCLP sampling and other characterization studies wil need io be
conducted in support of the feasibility study.

« Additional coring cutside of the Adiacent Mearshore Area to beter defineate the horizantal and vertical
extent of impacted sediments. This request is addressed in Section 3.4, below.

= Sampling and anakysis of sediments in the 0.5 f to 2.0 t zone. This request is addressed in Section
3.4, below.

+  Assessment of potential chronle exposure risks to benthic organisms. This reguest is addressed in
Sections 3.6 and 3.7, below.

» Evalustion of the potantiad for VOCs to bicaccumuiate into fish. The proposed evaluation focuses on
key parametars used in the derivation of the NYSDEC sediment crileria and s presented in
Section 4.1.

As depicted in Figurs 3-1, not aff analyses will be conductad in afl reaches of the river; rather, the sampling and
analysis program has been designed to fill reach-specific data gaps. An additional reach of tha river, identified
as the Western Shoreline, has been included in the proposad Held sampling and data gathering activities. This
data set includes samples collected within the gravelly sand and muddy sand afong the wastern shoreline of
the Hudson River across from the Site. it is assumed that the daia from this reach of the river represent
anthropogenic urban background condiions.
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The tasks described in these sections are supported by the Quality Assurance Project Plan ({QAPPY, which
was appended as Appendix B to the earlier work plan (ENSR, 2005). All work will be performed in strict
conformance with OSHA standard 1910.120 as detalled in the Project Heafth and Safety Plan (HASP;
Appendix G to the ENSH (2008) Work FPlan). The HASP describes the level of personal protective equipment
{PPE) required for this fleld program. in gensral, field program parsonnet will be requlred 1o wear OSHA Level
[ enssmbles of PPE.

Sampling station jocations to support the river characterization are depicted on Figure 3-2 and described in the
following sub-sactions of fhis chapter. The actual sampling focations may be slightly modified based on Site
conditions encountered in the field and based on the recommendations of NYSDEC upon fieid program
initiation,

3.1 - Data Quality Objectives

The Data Quatity Objectives {DQ0s} for the proposed investigation wers developed using the EPA’s DQO
pracess, a multi-step, iterative process thet ensures that the bype, quantity, and quality of envircnmental data
uzed in the decision maling process are appropriate for its intended application. Tabie 3-1 presenis the
general DQOs for this evaluation, and Tabls 3-2 presents the analytical chemistry DQOs. Data quality
indicators are presanted in the OAPP (EMSH, 2005).

3.2 AMobilizationDemobhilization

The WYSDEC will be given a minimum of two wesks notice prior to the initiation of any field activities identified
in this Work Plan. Mobilization for the field effort will include a kick-cff mesting for the field team (and
MNYSDEC, shouid they be interested), suboontracting all required laboratories, purchasingfranting field
eqguipment, coordinating receipt of sample boltles from the laboratory and verifying mass and volume
reguirements, obiaining site security passes for the field team (i reguired), location of all sampling stations with
{5ichal Positioning System (GPS), and soordinating with MYSDEC and BASF personne! during the field
investigation, Figld data sheats will be prepared during project mobilization. Prior to the
mobiization/dsmobilization, a Held reconnaissance trip may be hald with NYSDEG to refine sampling location
selection.

3.3 Surficial Sediment Sampling and Analysls

Burficial sediment sampling will be conducted in the Hudson River adjacent to and downstream of the Site
fAdjacent Nearshore, Adiacent Far Field, and Upper Navigational Channel), as wel as in the Upstream
referance area and along the western shoreling across the Hudson River from the Site, This sampling effort
will be conductad to obizin 2 more compreheonsive analytical chemistry data set for specilic exposure areas, as
well a5 1o evaluate the potential risk to ecological receptors due to exposure (o the surficial matrix in that area.
Data will be collected to further characterize the nature, distribution, and potsntial sources of chermical
stressors in the surficial sediment in the vicinity of the Sits, particularly in the vicinity of the Upper Navigational
Channgl. Sediment data will be used o support the proposed BERA and HHRA evaluations, &nd to fusther
refine the CSA. The risk io ecologicad recaptors due to exposure to VOOs and inorganic constituents inthe
surficial matrix is not currently known.

A total of 36 discrete surlictal sadirment sampling locations {0 o 6 inches [0 to 15 em)) have been selected for
investigation. A sub-set of these stations has been selected for additional chemical, ecological, and
toxicological measwrements, Preliminary sampling statlon locations are dspicted on Fgurs 3-2. The rationale
supporting the selection of each sampling station location is detailed on Table 3-3. Table 3-4 presents a
sutnmary of the chermical, physical, and biological analyses planned at each station. Surficial sediment
samples wil be collected from the following areas of inferest:
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v Lipstream (reference) Area (8 surficial sediment sampling locationsy;

»  Adjacent Mearshare {11 surficial sediment sampiing locations);

«  Adiacent Far Field (2 suricial sediment sampling locations);

=  Upper Navigational Channet {11 surficial sediment sampling tocations); and
= glong the Western Shoreline {6 swficial sediment sampling locations).

The majority of surficiat sediment samples wilt be collected from muddy sand substrate. Based on the
previous investigations and the naturs of the sediment, this substrate is potentially the mast impacied.

A st of sample station [Ds is presented in Table 3-4, and preliminary statian locations are depicted an
Figure 3-2. As described in the USEPA's (2001) Msthod for Collection. Storage, and Manipulation of
Sediments for Chemical and Toxicolngiost Analysia: Technicat Manual, the sampding station locations were
selected following a “Targeted Sampiing Design” where prior knowledge of siie-refated factors are
incorporaied into the process of selecied station locstions. The targeting sampling design was selected to
minkmiza sampling srrar attributabis to sefeckng sampling stations that may not repragsent the defined area of
interest or stations with simitar physical characteristios a5 described in the study DQO process

{USEPA, 2001). Sampling station locations were targeted to represent “worst case” conditions by selacting
sampling locations in the vicinity of known outfalis and depositional arsas. Statfon locations may be slightly
maodified based on site conditions encourtered in the field and based on the resuits of the NYSDEC/BASF
imeraction at the commencement of the field program.

3.3.1 Upstream Surficial Sediment Sampling

Within the Upstream environment, & surflcial sediment samples will be collectad from sampling locations which
were selected o represent the chernical and spatiaf variability within the system. Tables 3-3 and 3-4 presenia
summary of the propased sampling pragram and the rationafe for the sampling effort. These sampiing
ocations include:

« Arange of background {reference condition) COPC cancenfrations {based on the Site Investigation
data}. Collection of sampling data from locatlons with a range of known COPC concentrations wilk
allow for interpretation of synapticaily collecied chemistry, biology, and toxicolagy data, will assist risk
managers in understanding concentration-response curves, and will aliow for considaration of the
potential upstream anthropogenic inputs into this urban river system; and

*  Ageagraphic distribution designed to evaluate the potential risks associated with primary source
areas. Propesed sampling incations are situated within upsiream muddy sand and gravelly sand
substrates,

The Upstream surficial sediment samples will ba anafyzed for the following parameters:

*  Targe! Compound List {TCL) VOCs;

s TAL Metals;

= Simultaneously extracted metals (SEM} and acid volatile sulfides (AVS);
= Grain size; and

« TOC

As described in subrsequent sections, a sub-set of the Upstream surficial sediment sampiing locations will also
ba selected for biological, toxicological, and pore water sampiing.
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3.3.2 Adjacent Nearshore Surficial Sediment Sampling

Within the Adjacent Nearshore environmment, 11 surficial sediment samples will be coliected from sampling
iocations which were selected to represent the chemical and spatial variability within the systern. Tables 3-3
and 3-4 present a summary of the proposed sampling program and the rationale for the sampling effort.
These sampling lecations includs:

+  Arange of COPC concentrations {hased on the Site Investigation data). Collection of sampling data
fram: iocations with a range of known COPC concentrations wiil allow for interpretation of synopticatly
cotiected chemisiry, binlogy, and toxicolegy data, and will assist risk managers in understanding
concentrafion-responsse crves; and

= A geographic distribution designed to evaluate the potential risks associated with primary sourge
arsas. Proposed sampling locations are situated within the vicinity of the five oulfalt locations, and
adjacent 1o the bulkhead between outfalls. In general, samgpling locations will be situated slightly fo
the sauth of outfalls, to account for the predominance of downstream flow.

The Adjacent Nearshore sediment samples will be analyzed for the following paramsters:

« TOLVOCs;

«  TAL Meials:

«  SEM and AVS;

a  Gfain size; and

«  TOC.
As described in subsequent sections, a sub-set of the Adiacent Naarshore sampling locations will also be
selected for biologica!, toxicological, and pore water samgling.
3.3.3 Adjacent Far Field Surficial Sediment Sampling

Within the Adjacent Far Field environment, 2 surficial sediment samples will be coliected from sarpling
locations which were selected to represent tha chemical and spatial variabilty within the system. Tables 3-3
and 3-4 prasent a summary of the propased sampling program and the rationale for the sampling effort,
These sampling locations ihclude locations from the area bordering bounding the western extent of the
Adjacent Nearshare (an area with a primarily muddy sand substraie) and the eastern extent of the Adjacent
Far Field (an area with a coarser grained sandy gravel substrate). Histarical data indicate that the western
extant of polentially impacted sediments may not be fully characterized in this region.

The Adiacent Far Feld sediment sampies will be analyzed for the following parameters:

v TOLVOCs;

»  TAL Matals;

+ SEMand AVS;
»  (3rgin size; and
+ TOC.

As described in subsequent sections, Adjacent Far Fleid sampling locations will also be selacted for biological
and toxicological sampling.
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3.3.4 Upper Navigational Channel Surficial Sediment Sampling

Within the Upper Navigational Channel, 11 surliclal sediment samples wilt be coliected from sampiing locations
which were selected fo reprasent the chemical and spatial variahifity within the systemn. Tables 3-3 and 3-4
presents a stimmaty of the propesed sampling program and the rationaks for the sampling effort. The Upper
Mavigational Channel represents the upstream extent of rowtine navigational dredging in the Hudson, and has
histaricatly been characterized by elevated concentrations of inorganic constituents; however, avatiable dala
ingicate that VOCs are not present in this region. '

The Upper Mavigational Channel sediment samples will be analyzed for the following parameters:

= TAL Mstals;

» SEM and AVS;

= (3raih size; and

+ TOC.
As daseribad In subsadguent sections, 2 sub-zet of the Uipper Mavigational Channal sampling locations will also
be selected for biclogical, toxicological, and pore water sampling.
3.3.5 Western Shoreline Surficial Sediment Sampling

Within the Western Shoreline environment, § surficial sediment sarnples will be coliected from sampiling
Incations which were selacted to represent the chernical and spatial variability within the systemn. Tables 3-3
and 3-4 prasants a summary of the proposed sampling program and the rationale for the sampling effort,. The
Westem Shoreline environment is being sampled in order fo will allow for consideration of additional potential
anthropogenis inputs into this urban river system.

The Westemn Shareline sediment samples will bo analyzed for the following paramastors:

« TCLVOCs;

+ TAEL Meials:

+  SEM and AVS;
» (3raih stre; and
» TOC.

As described in subsequent sections, a sub-set of the Western Shorgline sampling locations will also be
selected for biclogical, toxicoiogical, and pore water sampling.

3.3.6 Surficial Sediment Sampling Proceduraes

Discrete swiicial sediment samples will be collecied using a pelit ponar dredge, pole-mountad Ekman grab
sampler, Ted Young dredue, vibracors barred, a gravity-corer, or equivalent depending upon specific sampiing-
station charactaristics in accordance with Section 3.2 of the BSEPA's {2001} Method for Collection. Storage
and Manipulation of Sediments for Chemical and Toxicological Analysis: Technicsl Manual

Surficial sediment will be collected from the upper O to 15 am hatizon. Generally, this Is the sedimerdt horizon

of interest as it contains the most recently deposited sediments and the maost epifaunal and infaunal organiams
are found within this horizon (USEPA, 2001).
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The top 0 to 4 em horizon wilt be coliacted and placed in the appropriate sample container for SEM and AVS
analyses prior fo the homaogenization of the remalning sample. Only the top 0 to 4 om of sediment will be
collected for analysis of SEM and AVS because the AVS concentration Increases dramatizally below the tap
few centimeaters, whereas sampling ai greater depths may fail to indicata the toxiclly of the top few centimeters
{van der Barg et. & 1998).

The appropriste sedimeard horizon will be removed from the appropriate sampling device using a stainless stesd
spoonfscoop and placed in a decontaminated 1-galion stainfess steel or pyrax giass mixing bowt. Each
samgple wiil be visually examined for physical characteristics such as compesiion, layering, cdor, and
discoloration. Samples for VOU (as the method precludes homogenizing), as well as SEM and AVS {as
discussed above}, analysis will be collected prior to sedimsent hamaogenization. The remaining sample will be
homoagenized in the mixing bowt and placed in appropriate sample containers, When appropriats,
homogenized sediment samples will be sub-sampled for biglagical and toxicological sampling evenis.
Sediment sampling eglipment such as bowls, spoons, augars, and dradgas will he dacontaminated priar to
and following sample collection as desaribed below,

The sample containers will be labeled using the lebsl code described in the QAPP and in sub-section 3.11.
Sample contalner, preservation, and holding time requirements are provided in Tahie 3-5. Field notshooks
and sample coliection forms will be used to record pertinent data while sarnpling. The time of sampling will be
recorded on each pre-labetad bottle. Al samples will be stored on ice {at 4°C), packee in coolers, and shipped
under chain of custody for laboratory analysis

The coltectlon of sample duplicates wil be congistent with the procedures outiined above for sediment sampla
collection. Other fisld QT samples will be collected as described in the QAPP {(ENSR, 2005). Sample depth
will be recorded for each sampling location afong with sampla station positioning uging GPS. Data valldation
will be performed az specified in the QAPP (EMSR, 2005).

3.3.7 Sediment Dewatering

Some of the surficial sediment samples collecied under this field effort ere expected io contain less than 30%
solids. Moisture content of this magnitude has & substantial impact on analytical sensitivity, causing significant
increases n laboratory practical guantitation Bmils (PQLS). The severity of the impact can be lessened by
increasing sample aliguot size and/or dewatering the samples prior to analysis. A combination of these
procedures will be used to optimize sensitivity while maintaining the integrity of the environmental sample.

+ Sample aliquots used for chemlcal tests [excapt VOCs) will be homogenized in the field, allowed to
settle, and standing water witl be decanted to the axtent possible. The remaining sediment witl be
placed into appropriate sampling containers and shipped to the lzboratories.

»  Anahytical taboratories will be requested to decant any standing water from the sample fars prigr to
analysls.

«  Anabtical laboratories may analyze percent moisture of samples prior to analysis. Samples contalning
less than 30% solids may require additiona] dewatering using fitter paper or decanting.

33.8 Decontamination

Sampling equipment {e.g.. petit ponar, stainless spoons, stainless bowls, ete.} will be decontaminated prior to
sampling and between samples. Cleaning of equipment is parformed o prevent cross-contamination betwsen
samgies and to maintain a clean working envirenment for ail personnel. Decontamination wilt generally consist
of a stafion river water rinse o remova gross contamination {if needad), foliowad by a nan-phosphate
detergent {e.g., Alconox) water rinse, a rinse with deionized water, and followed by another a rivar station
water rinse. If equipmert is 10 be stored or transponed, it should be wrapped In aluminum foil after air-drying.
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Water generstad during decontamination of sampling eqguipment will be returned downsiream of sampling
stalions. :

Persanne decontamination is discussed in the HASP.

3.4 Sub-Surficial Sedlnent Sampling and Analysis

VOCs and selected inorganic compounds are known fo cocur in sub-sutficial sediment in the Adjacemt
Mearshore reach of the fver, especlaly near the histotic outfalls. Higher concentrations of these constituenits
typlcatly occurrad several fest beiow the sediment sudace. In the Adjacent Nearshaore, the vertical extent of
VOCs iz not cwrently fully understood, and additicnal data are required to belter understand the wastern
extent of potentlaily impacted sub-surficlal sediments. Itis possible that the western extent extends into the
Adjasant Far Fleld reach of the river. Therefore, the objactive of the stub-surficial sampling effort is to further
delineate the vertical extent of the VOCs and metals in this region through coltection and analysls of sub-
surficial sediment cores. Proposed coring sadiment sampling locations are displayed in Figure 3-2.

The following sampling pragram is proposed io better characterize the sub-suricial conditions in this portion of
the study area;

» Atotal of 20 sub-surficial cores will be installed for evaluation of VOCs and inorganic compeunds in
the sub-surface sadimantsa.

+ [0 the Adiacent Mearshore, 6 cores will be taken to examine the first sampling horizon {0.5 to 2 i) and
7 corss will be taken to examine deeper sediments (0.5 1o 12+ f1).

» n the Adjacent Far Field, 4 cores will be taken 1o a depth of 0.5 fo 12+ 1t
»  In the Upper Navipaiional Channet, 3 cores will be takentoadepth of 0.5 0 12+ .
s An attempt will be rgde to advance severat of the sediment cores 1o a depth of 20 &,

»  Sub-surficial samplas will be coliectad fram approximately twa foot intervals, with the exception of the
First sampling horizon (0.5 10 2 ).

» Saveral of the core sampling locations will be co-located with surficial sampling locations.

A total of up to 84 sub-suricial sampies wil be colfected for evaluation of inorganic constifuents ard YOGCs in
the deep sub-surface sediments at this site (i.e., the 0.5-12+ f cores). 1Jp to § sub-surface samples will bs
collected from each 2 it iderval from each of the 14 cores, yelding a folal of up to 84 sub-surface samples.,
Addifional samples will be necessary for cores which advance beyond 12 ft. Each of the 6 cores taken from
the 0.5 fo 2 ft horizon will compose # single sample,

The sub-surtace sediment samples will be analyzed for the following parameters:

»  TAL Metals;

» TCLVOCs;

= Grain size; and
« TOC

tn response to a NYSDEC comment on the Sie investigation Report {(ENSH, 2007). a petential sub-surface
data gap exists relative to understanding the nature and extent of potential impacts in the 0.5 to 2.0 foot
sampling horizon {this horizor was not sampled in the previous study, which included surficial grab sampling
from the O to 0.5 ft harizon, and a coring offort with the shallow horizons starting at 2.0 ft bgsh.
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In crdder to filk-this data gap, parficularty within the Adfacent Nearshore reach, at 4 of the 11 Site surficial
sadiment sampling toecations being evaiuated in this program (ses Section 3.3), sheliow sub-surface sediment
sarmples will aiso ba coflected from the 0.5 to 2 | horizon. At 2 addifional locations within the Adiacent
Mearshors reach, only the 0.5 to 2 it horizon will be samplad in order to further evaluate this hodzon, These
data will nof be used in the risk charactertzation since they are presumed to be largely from balow the
Hicactive zone, but may be usetud for future analyses of sediment stability, resuspension, and scouring. The
idontical anaiytical program will be included for these 6 sampling stations (TAL metals; TCEL VOCs; grain size;
and TCC).

34.1 Sub-Surficial Sediment Sampling Procedures

Sub-surface samples will be collected using & vibracore sampiing device and wil tarqet cores from the 05 1o
2 foot sampling horizon and from five other 2-foot interval horizons at each sampling station. These depih
harizans are well helow the bicactive 2ona, and will be selected based on field observations to provide data on
the vertical distribufion of Vs and metals.

As desotibad in Tables 3-3 and 3-4, all sub-surlicial sediment samples will be evaluated for inorganic
constitusnts, VOCs, TOC, and grain size. Additionat detal regarding sampling {inciuding sample containers,
preservatives, holding times, and QC samples) and validation is presanted above {in the surficial sampling
sub-saction), Decontammation procedures are presented in Section 3.3

3.5 Characterization of Organic and inorganic Compound Bioavailability

The presence of COPCs in sediment at concertrations which exceed benchimark screening valuss does not
necessarily constitule acolagical risk. For nstance, certain COPCs may not be absorbed into an organism's
systern foliowing ingestion, may not be absorbed through divect contact dus to the chernicat form of the
COPCs, or may not adversely affect the organism due fo a lack of bioavaiiability, USERPA (2001; 2003a) and
others have [ong recognized that the concentration of a number of organic and inorganic constityents in
sediment interstitiat water {i.e.. pore water} is a better estimate of the potential for ecological risk than bulk
sediment congentrations. Pore water {or interstitlal water) can be defined as the water ocoupying the spaces
betwean sadimant particles {JSEPA, 2001).

As desoribed elsewhara in this Work Plan, the potentlal for selected inorganic constitiients to be bioavailable
will be avaluated using relationships between SEM, AVS, and TOC. h addition, dissolved phass TAL metals
will be analyzed for in pare water, While it 12 recognized that there are some uncertainties with the equilibrium
pattitioning model that forms the basis of the SEM-AVS relationiship, this evaluation serves as the basis of the
USEPA {(2005a) equilibrium paniflioning sediment benchmarks (ESBs) {or the proteciion of benthic organisms,
and needs to be considsrad in & metals-impacted environment such as the Hudson River in the vicinity of the
Site.

Racent research has shown that the organic carbon normalized sediment-water distribuition coefficients (K.
for chiorinated benzenes are higher than would e expectad if back carbon is present in the sediment. Jonker
and Smedes {2000) measurad K, vatues for 10 di- threugh hexa- chigrinated benzenes from historically
contaminated sudace sediment {0 to 30 om} and found the K., valuas were 2 tc 3 orders of magnitude higher
than would be expected by sorption to natural organic matier. Kleineidam et al. {2002) measured the K, for
1,2-dichlorobenzene and 1,4-dichiorabenzene sarption ko humic soif organic matter and varioys types of black
cathons commonly found in sediments {fignife, coal charcoal, and cokel. The resuits of thelr study showed that
toth chiorinated benzenas sorbed more srangly 1o black carbon than naturat organic matier with there being
appraximataly ong order of magnitude difference between sorption of 1,2 and 1,4-dichiorobenzenes to natural
organic matier and coke.
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Charactatization of the arganic carbon presant in sediment samples collected from historically industrial areas
atong the Hudzon River has also demonstrated a large fraction of the total organic carbon is anthrapogenic in
arigine consisting of coat fines, coke and soot-ike material (Kreitinger et al., 2007; Kathi et al., 1998). The
prasence of anthropogenic carbonacecus matarlals may result in sigrificantly lower pore water cancentrations
than predicted from defautt assumptions, and therefore less toxiclty to benthic species from sediment bolng
chiorinated benzenes than is currently assumed by NYSDEC sadiment screening values. This reduced
towicity is due directly fo the reduced concentration in pore water relative to the normal EqP assumptions. in
addifion, lowsr pore water concenirations of COPCs also affeots the EqP assumptions used by NYSDEC
reiative to development of thedr sediment screening values for protection of human health via the fish ingestion
pathway. This issus is further explored in Section 4.1 of this Work Plan.

3.5.1 Rationale for Developing Site-Specific Estimates of Bioavailability

tn 2003 the National Research Councit {NRC) reviewed the implications and science regarding the
bicavaitability of contaminanis in sediments and delermined that there is a need to improve risk-based
assessments by including more explich consideration of contaminant bioavailability (MRC, 2003). Their
conciusion was that inadequate scientific undersianding has hamperad the widespread consideration of
bicavaiizblity processes in remediat decision-making. The NRT concluded that specific steps needed fo be
taken to improve the understanding of bicavaiiability of contaminants at individual sites for use in regulation
and decision-making.

in 2005, the USEPA pravided guidance for remecdiation of contaminated sediments which identified
comtarminant bicavailability as a key parameter for remediat investigations, risk characterization, and feasibilily
studies (USEPA 2005b). The puidance emphasized the importance of evaliating contaminant bioavaiability
in the RKFS process and the nead for assessing contaminant bioavaitability. Afthough the USEPA has defined
cantaminant bioavatiability as an important parameter for developing site-specific sediment ramedial action
cbjectives (RAQs), little or no guidancs has besn provided on the analytical methods and approach for
evalualing contaminant bicavailabibity.

The follawing slerments of this VWork Plan are designed to address data gaps in the knowledpe of oroanic
constituent bioavailability in sedimenis and pore water from the Hudson RAver.

3511 Bivavailabiflty Assessment Objectlves

The primary objective of the work related 1o organic constituent bicavailability is o conduct a preliminary
survey of the site-specific chiorinated constituent aguecus partifioning coefficlents (paditioning betwesn
sediment and pore water} i selected sediment samples which have been collected from sediments
reprasenting a range of chemical concentrations. In additian, the measured inorganic and arganic
concentrations of COPCs in pore water will be avaluated relative to the results of the proposed biclogical and
toxicological sampling programs. Other uses of pore water, as outiined by the USEPA’s technology innovation

program {http:fohu-in.org/programs/2 1 m2/sediment} include the following {only some of these factors are
appiicable at the BASF she):

« Estimale comntaminant flux from the sadiments into the overlying surface water,
+ Establish the presence of contaminated pore water in the sadiments.

» Determine the concentrations of contaminants that are actually in the pore water within the biologically
active surflcial layer of sediments.

»  Parform hiotoxicily tests using waler taken from the biologically active layer of the saediments.
+ Datarmine i there is a concentration gradient of contaminants within the sadiments.
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« Determine flux and composition within the sediments when the surface water is gaining and a ground-
water contammnant plume is présent. This determination might also try 1o locate preferential pathways
into the swiace water fram the sedirnent bed,

+ Determine the general flux of contaminants into ground water when the surface water is losing and the
sedimenis are contaminated.

3.58.1.2 Pore Water Sampling and Analysis

Bulk sediment samples for pore water analysis wili be coflected from the 0 to 15 om horizon.  Per the request
of NYSDEC (June 26, 2007 project team meeting}, the 0 to 15 om bulk sedimsent samples for pore water
anakysis will be coilected via vibracore, rather than from & dredge sampler. The principle goal associated with
the sampiing effort will be to use procedures that mininize changes 1o the in sitd conditions of the interstitial
fpore) water — alf samples for pore water analysis will ba coliscted using ientica! procedures from the identical
depth horizon, and will be collected using procedures cuflined in USEFPA (2001) o minimize changes in tha
integrity of the sample. Any averiying water fram the core barrat will be removed via siphoning, not decanting.
It Is recogrized that several corgs may need o be colisctad fram any one sampling location to obiain sufficient
pore water volume for chemical analysis requirements.

At sach pore water sampling location, fisld personnel will remove sediment from a capped core barrst that has
undergons minimat disturbance into ¥-liter PTFE-fined botfles desigrated for VOU analysis. These bofties will
be pre-cleaned by the laboratory and will be accompaniad by a {-lter FTFE-lined boitle containing anaiyte-free
water. This "botle blank” will serve as a QT check to detarmine If VOCs are migrafing into the samples
through the bottle during storage and shipment resulting in cross-contamination of the samples, or if the PTFE
materal isalf is releasing VOCs into the sarmple {outgassing). The 1-liter PTFE-lined bottles will be fllled
without headspace and will be placed on ice and maintained at 4°C at the site and during shipment o the
laboratory. This samptling procadure is proposed in arder o rminimize volatilization of VOCs during sampling
and shipping. In drder to generate & sufficient volume of porawater o be analyzed for melals (total and
diseonlved}), TS5, and dissolved organic carbon (DOCY, additional sediment from each pore water sampiing
focation will be placed in 1-galion sampling containers. The 1-gation sampling containers will also be placed
on ice and maintained at 4°C at the site and during shipment fo the laboratary.

Al the iaboratory, the 1-liter PYFE-lined botties will be placed directfy into tha centrifuge which will minimize
loss of VOCs. Sample centrifugation will be carried aut at or below 10°C. The bottles will be centrifuged for 30
miriges at 1000-3000 G. The pora water will be decanted Into HCl-preserved VOA vials. The YOO analysas
will be performed within 24 hours following the generation of the pore water. The VOUC analyses will be
performed with afl EPA 82608 method-required GG, including MS/MSE analyses on the pore water if sufficiont
sample is available.

Sediment from the T-gallon sampling containers will be placed inte polyearbonate bottles at the laboratory.
The potycarbonate hoftles containing sediment will be centrifuged along with a polycarbonate boltle containing
analyte-free water which will serve as a bottle blank. The samples will be centrfuged as deseribed above.
The pore water will be decanted into pre-preserved containers for total metals and unpressrved containess for
TS5 analysis. Pare waler will be filtered prior to presenvation for dissobved metals and DOC analyses through
Q.45 micron filters. The metals, TSS, and DOC analyses will be performed with all assosiated method-roguired
QC.

In addition, total organic carbon and soot carbon will also be determined on air-dried sedimant samples using
the method proposed by Gustafsson et al. {1997) and Accardi-Dey and Gschwend. (2002). Pore water
sampling is proposed for 10 surficial sediment sampling locations, depicted in Figure 3-2. A total of 5 samples
will be taken from the Adjacent Nearshore, 2 from the Upstream reach, 1 from the Waestern Shareline, and 2
from the Upper Navigational Channel.
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3.6 Benthic Macroinvertebrate Sampling and Analysis

A henthic macroinveriebrate community analysis will be performed to provide a measurement endpoint for
avaluating the in sifu response of the benthic community fo potential stressors in the Hudson River directly
adiacent to tha Sita. A review of recently collected macroinvenshbrate community data (ENSR, 2007) sugaest
that a macroinvertebrate community is present throughout the study area, and that additional analysis of this
cammunity in the context of an ecological risk assessment is warranted, Benthit macroinverisbrate sampling
incations will be co-located in time and space with sediment chemistry and sediment toxleity sampfing
lacations. The results of the henthic macroinvertebrate community analysis will provide a direst measure of
the integrity of the kenthic communiy in refation to Site-specific chemical and physical stressors. Objectives of
the benthic community avaiuation, which will be conducted at Adjscent Nearshore, Adjacent Far Fiekd,
Western Sharsline, Upper Mavigationat Channel, and Upstream sampling locations, inciude:

« Determining the abundance of macreinvertebrate infauna at sampling locations and within sampling

raaches;

» Assessing the level of faxenomic diversity and evenness at selected sampling locations and samphing
reaches; ;

* Evaluating the macroinveriebrate community structure relative o proximity 1o the Site and COPC
sedirnent concentrations.

Biciogical impairment may be indicated by the absence of pofiution-sensitive macrainvertebrate taxa, excess
dorinance by onsg taxoen, low overall faxa richnass, or reduced communily composition relative to referance
conditions.

3.6.1 Macroinveriebrate Community Survey Station Locations

Macroinvertebrate cormmunity survey stations will be co-located with a sub-set of the surficial sediment
chemistry and sediment texicly sampling stations in an atterapt to relate the results of the benthic community
survay with measured concentrations of {argei chemicals. Prefiminary siation locations are depicted on
Figure 3-2.

Samgpling locations were preliminanily selected 1o spatially represent the study area of interast, while imiting
stations o similar habftat fyne (e.g., cover, grain gize) to reduce the variablfity associated with axternal
environmenta factors. Sampling locations also represent a concentration graciient {based on histaric data}
and may be refined based on substrate type and other local modifications {e.q., obstructions) which may affect
the availability of suitable habital, An effort will be made fo select homogenous sampling stations with regard
to habitat conditions. Sampling locations witl be finalized following the ptanned agensy site reconnaissance,

3.6.2 Field Macroinvericbrate Sampiling Procedures

The macroinveriehrate sarpling technique is designed after a modified version of the USEPA (1829) Bapid
Binassassmeant Protocols {RBP) and will incorporate sampling methoed aspects from the USERA {2000}
Estusrine and Ceastal Maring Waters: Bioassessment and Biocriteria Technical Guidance, The depth of the
Hudson River fimits the selection of gaar type to conduct a macroinvertebrate survey to grab samplers,
Therefore, a Ted Young grab, pefite Ponar or equivalent will be used to collect the enthic invertebrate
samples from each location. This method will permi sampling of deep habitats that preciude the use of
stallow water sampling technigques such as Kick nets or Dip nets. Prior to sampding, a physical’chemical field
data sheet will be completed to document supplementary information including water quality, depth, ele. A
fietd sketch of the sampling reach wilt be drawn to document rrasjor babitats, iparian habitat, and othar
instteam attributes and weather conditions will be documentad.
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Samgiing techniques to collect the benthic macroinveriebrates will be consistent with the technigue used to
collect sadimant, Once the sample is collectad, the top of the grab sampler will be cpened to determine
whethar tha sampls collected is acceptable for analysis. In accordance with USEPA (2000a) guidance, an
acceplabie grab is one having relafively leval, Intact sediment over the entire area of the grab, and a sediment
depth at the center of at least 7 centimelers. Samples deemed unacceptable may result form inadequate
penetration, angle of closure, completeness of closure of the Jaws, and potential loss of sample material during
retriaval.

Bupticate samples will be collected at each sampling location. Samples will emptied into a coliection bucket
ard any sediment remaining in the grab will be washed girectly inta the bucket. The bucket will be transferred
to a sample-processing table wiere be sisved through a 500 micron sieve bucket o remove fine materiai.

t arge debris (e.g.. rocks) will be removed from the sampie; however, no attempt will be made to remove small
debria. All matier retained on the sieve will be transferrad to labeled storage bottles and preserved in 85
percent ethano! to cover the sample. Sample bottles will be igheled with the site name, the station number, 2
urfgue sample identification rumber as described in Section 3.11, date and time of collection, depth of
coliection, preservative use, and name of collectors. Detailed field notas will be kept fo document the
macroinveriebrale community survay.

Tha preserved samples will be sant to the contract laboratory under chain-of-custody for identification and
enumeration.

3.6.3 Macroinvertebrate Data Analysis

All preserved samples will be sent under chain-of -custody 1o a taxonomic iaboratory for sample processing
and igentification. The duplicate sampies from each sampling station wifl be analyzed in accordance with the
USEPA guidance (1599).

Alt organisms will be identified to the lowest practical taxen {e.g., genus or species) by a qualified
macroinverisbrate taxonomist, as described in LUSEPA {19939). i the preponderance of samples are found 1o
contain gross quantities of invertebrate organisms, then each sample anabzed will be separated into 100-
organism sub-samples and will be sorted and preserved separately from the remaining sample. Sorting
technigues are described in detail in USEPA {1929} and include tharoughly rinsing the sample in a Mo. 35
mash (500-rnicron) screen to remove preservative and fine sediment and spreading the washed sample
evenly in a gridded pan with a light colarad bottom, Grids will be randomiy selected and ail organisms within
these grids will be colfected untit & 100-organism sub-sample is oblained.

Samples will be labeled and voucher specimens of alf taxa will be archived in denatured 70 percent ethanci for
a minimum of threa vears. The numbers of each taxon will be recorded on an ABP Laboratory Bench Sheet.
Quialty controf for taxonomy will be conducted as outlined by USEPA (1933).

The dala analysis of the biologisal samples will infegrate several community, population, and functional
parameters into a gualitative evaluation of biologieal integrity. Metrics 1o be evaluated include richness
measures, diversity indices, percent similarity measures, and trophic measures, The exact metrics to be used
at the site will be depandent Lipon the data generated through the fisld sampling program. Examples of the
retrics that may be used in addition io those mentionad above are listed in the ABP Manual (USEPA 15395
and in the USEPA {2000a) Estuaring and Coastal Marine Walers: Bloassessment and Biocriteria Technical
Guidance, as well as in the NYSDEC guidance for macroinvertebrate community assessment {Bode et al,,
199, Bode o al., 2003).

Metrics that have relevancy to the assemblage of arganisms found in the Hudson River watershed will initially
be considered for use in the macroinveriebrale data analysis. Afier the initial screening of candidate metrics,
key mefrics will ba selected for further avaluation. Ideally, the site-spacific data will permit selection of core
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metrics which represent diverse measurements of communily skructure, composition, trophic status, and _
naffition-sensitivity. Metrice will be efiminated from consideration in the Hudson River data analysis if there
are tao many 2ero values {o calculate the metric at a large proportion of sampling locafions, or if the metrlc is
s0 variable that it will not serve to help discriminate among sampiing stations.

As described in USEPA (1999) and Bode et al. {1990), an attempt will be made to determine the association
and/for inkagas between biclogical, habitat gondition, and physlcochemical metrics. As appropriate, melric
vaiues will be plotied against anatytical chemics! data, and an inferential statistical evaluation (e.g., multivariate
ardination) of the raw data may be conducted to elucidate refationships between metrics and the raw data from
the variotis sampling stations. The application of inferential statistes will be used o detsrmine if significant
differences exist between Upstream, Adiacant and Downstream sampling stations and bry to measure the
relative importance of emdronmentai variables and chemical concenirations influence on the observed

patierns.

3.7 Sediment Toxicity Testing

The results of the screening level ERA Included in the Site Investigation (ENSR, 2007) indicated potenttal risks
to acological recaptars through direct exposure to sediment. A number of chemical stressors wera detected at
concentrations in excess of ecokogical scresning benchmarks for these media. To evaluate whether or not
direct exposures io sediments have the potential to cause towicity io ecological receptors, laboratory toxicity
tests are pianned. All toxicity fests will be conducted under specified iaboratory conditions using whola
environmental media only (2., no difution series {oxictty testing is planned).

The bicavaiiability of chemicals is dependant on a nurnber of factors, which are both site-specific and medium-
specitic. Adthough many of these factors can be esfimated using equilibrium partitioning technigues, # is
difficuit o account for af the physical and chemical properties which could patentially affect bivavaiability.
{aboratory foxicity tesis can be used to help sstimats the polential adverse effects of targei chemicals on
ecological receptors. These tests can be used to demonstrate the reaction of selected organisms 1o the
combination of physical and chemical characteristies in an environmental medium.

Afthough the restits of foxicity iests can be used o evaiuate potentlal effects that might aocur to aguatic
receptars i sit, i is impartant to recognize that:

= Motie organisms may be able to avold profonged exposure to contaminated media.

= Although the tesls are designed to predict adverse effects on biciogical communities bazed on chronic
expasures, they are not mult-generation chranic tests, in that they do nat consider pepulation effects
by assessing potential effects over several generations during the test period.

= Toxicity to organisms in situ may be dependent upon physical characteristics and equilibrium
partitioning that ara not repliicated under faboratory condilions.

+  The specles used in toxicity testing programs are typically chosen io be representative and protective
of the organiams, which may be found on site, but the use of surrogate species cannot precisely
predict the heatth of ecological communities on site.

in order to provide an assessment of ecologics! cormmunity responge to potential stressors in Hudson River
sediments adiacent {6 the Site, sediment samples will be collecied for laboratary foxiciy testng. Laboratory
toxicily tast sampling locations will be co-located in Hime and space with sadiment chemistry and benthic
macroinveriebrate sampling locations (Figure 3-2), allowing for & detailed evaluation of the co-cccurring data in
tha ERA.
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The rasuis of the laboratory toxicity tests will be comparad to the resulis of both faboratory control tests and
tests conducted with samples collected from Upstresm and Western Shoreline stations. Standardized
statistical tests, such as analysis of variance (ANOVA) will be condusted to determineg if significant differences
in survival, growih, or other measured response are chserved, Samples of emvironmental mediz for toxicity
testing will be collected concurrantly with samples for analytical chemistry, thereby aflowing for co-evafuation of
chemical, physical, and toxicologicat stressors. Atternpts will be made to relate the resuite of the foxiclty-
tesfing program with measured concentrations of target chemlcals to develop potential associations belween
observed toxicity and chemical concentrations.

Chronic toxicity tests will be conducted to assess the toxichy of sediments to inveriebrate organisms. The
obiective of the sediment toxicity tests will be to obtain laboratory data to svaluate potential ecological riskz to
inverlebrate receptors. A midge (Chironomus tentans) hag been selected a8 the invertsbrate species for
sediment toxicity testing. This species was selected as the appropriate and relevant test organism since the
December 2005 macroinveriebrate community sampling indicated that sediment samples (including those
collacted frorm Upstream reference statlons) contained numercus members of the stress-tolerant chironomid
genera {i.e. Chironomus sp., Cryplochirenamous ap., antd Procfadius sp.).

Tha proposed {est method is based on the fife-gyole test described by USEPA {20000} and ASTM {2006). The
{. fentans chronic sediment toxiciy test begins with 12 replicates per sample, each confaining 12 newly
hatched farvae (less than 24 hours old;. On Day 20, four of the replicates are selected for survival and growth
maasuramants. Emergance traps are placed on the remaining eight replicates on Day 20 and from Day 23 to
the end of the test, . fenfans emergence is monitored daily. The lest is terminated when no emergence has
acourred for 7 days or after a maximum test duration of 35 days. Test andpoints include survival, growth, and
SMEence measurarmeants.

The midge test is conductad during & orificat early fife-stage and iz intended 1o evaiuate potential effects of
exposurs to sedimant on midge populations.

3.8 Focused Geomorphology and Bathymetric Surveys

As part of the previously completed Site Investigation (2007), a focused geophysical survey was conducted of
the Hudson River in the vicinity of the Site. These side-scan sonar surveys were used o produce a 30-cm
resolution mosaic which aliowed for the delermination of sediment classifications on a broad scale. These
data were used to help focus the sediment sampling effort on depesitional environments, and to develop the
CEM relative fo riverine geomarphology and sedimentation dynamics.

Using the classification system employed by NYSDEC {20000}, the primary subsirale categories observed
during the 2005 geophysical survey included cobble, sandy gravel (or gravelly sand), sand, muddy sand,
gandy mud, and mud. The results of the survey indicaie that sandy gravel {or gravelly sand) is the dominant
subsirate throughout the Study Area. However, in the Adjacent Nearshore reach, muddy sand and sandy mud
comprise the majority of the substrate observed. In the Adiacent Far Field reach, immediately io the west of
the muddy sand/sandy mud compiex, a lobe of sand bounds the muddy sand. immediately downstream of the
Site, in the Upper Mavigational Channel and in the Downsiream reach adjacent to the turning basin, much of
the substrate consists of muddy sand. Approximately three miles upstream of the Site, at the reference area,
the river is dominated by sandy gravels and gravelly sands, with areas of muddy sand an both the eastern and
westem edges of the fiver.

An area of uncertainty refated to the geomaorphology and the nature and extent of inarganic COPCs was
dentifled in the Site investigation Report (ENSRE, 2007} namely, the source of horganic constituents
downstream of the Site, In the depositionat Upper Navigational Channel, can nat be determined with the
existing data. i is possible that some of the delectad metals in this area ariginated at the Site; however, it is
possible that some of these metals are representative of anthropogenic background.
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Addhional investigation and data analysis is recommended in order o better understand the role that
navigational dredging (and sedimentation following dredging) has played relative to the distribution of inorganic
constituents in this portion of the river. BASF is In the process of obtaining and reviewing U.S. Ammy Corps of .
Engineers dredging recards for this portion of tha river. These records wifl be reviewead refative to the current
bathymetry and geomorphology, and if necessary a focused geophysical survey {single ar mult-beam side
scan andfor sub-bottom sonar) will be ¢onducted in this portion of the river, it is pessible that this survey wil
involve & one-time sampling svent; conversaly, depending upon the resuils of the information review phase of
work and the sensitivity of the instrumentation, it is possible that time-series high resolution bathymetric
surveys may be condusted to betier undersiand changes in river bed geomomphology over bme.

The goal of this analysis will be to develop & strong semi-quantitaiive discussion of sediment dynamics in the
vicinity of the Site inchuding prediction of likely sediment stabifity in the future. The nature of sediment inads
and the current and historic sediment bed-forms will be considered when assessing Bkely bed stability in the
future.

3.8 Evaluation of River Conditions

The project area in the Upper FHudson Estuary has been significantly altered physically, chemically, and
biologically over the past century. The ecological community curmently observad in the river In the vieinity of
the BASF Site integrates exposure from a variety of stressors (including but not mited to the chemical
stressors identified tn this Work Plan). I order (o betier understand the currant status of the ecologicat
communily relafive to these mulliple stressors and to understand the potential responses of the community,
is crtical to develop a more complete inventary of the physical, chemical, and binlogical stressors in this
portion of the river.

Limited amblent river data will be eolizcted as a part of this program to help characterize the nulrient, dissolved
oxygen and temperature regime in the vicinity of the BASF plant, and to estalish if these parameters could be
afiacting the biplogical community. As a part of this sffor, dissolved oxygen, lemperature and conductivity
profiles at 1 mater intervals will be colfected in conjunction with the coltection of sediment and biclogical data
described elsewhere in this wark pian. in addition, total suspended sofids concentrations will be determined
from samples coliected at the surface and within 0.5 m of the bottom at a minimumn of 1 location in both the
near shore envirenment and mid channst environment. Resuills from these samples will help descrbe
sadiment fransport through the system. The ambisnt water quaiity daia set will be used to describa the
temporal and spatial variability in water guality in the vicinity of the BASF plant. On at least two occasions,
profiles will be measured at a minimum of three sites in the vidinity of the BASE plant within 1 hour of sunrise
and again in the late atternoon to characterize the divrnal varisbility in these parameters, The target tima
period for these surveys will be during a low flow period in late summer when dissoived oxygen concentrations
are anticipated o be high and dissolved axygen concantrations low.

Beyond this limied field scope, the initial step in the evaluation of potential alternative stressors Involves
review of Hterattire which describes the physical and chemical environtment in the visinity of the plant. The
documents expected fo vield relevant information include NPDES discharge permits, combined sewer overflow
(CS0) reports, stormwater survey daila, dredging reports, habitat maps, biological survey dats, fisheries
studies and instream water quality data. These studies are expecied fo contain data relaied to COPCs
{inciuding but not fimited to the polentially Stte-refated chemical siressors), physical data such as current
velotities and temperaiure, and biclogica! data reisted to invasive, predatory or competing species.

The second pant of the evaluation of alternative stressors involves confirmation of data coflected in the hitial
steps. Several stragsors seem lo be likely candidates for further characterization. i additfonal evaluation is

warranted, a brief technical memorandum shde work plan addendum will be prepared to summarize these
studies:
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» The physical environment in the vicinity of the BASF plant is characterized by deep fast moving water
with ralatively coarse grained and constantly shifting sediments. The riparian zone ai the site and
eisewhare along this reach of the river has been largely bulkhaaded, filed or armored fimiting the
amount of low energy litoral habitat available, This high energy physical environment wouwld not be
expatied to harbor & farge or diverse macreinvertebrale community even in the absencs of sediment
contamination. Confirmation of velocities and substrates may be required as a pari of the field

program.

= Chemical stressors are currently released or have been historically reteased to the river both above
and below the BASF plant. These include permitted discharges, legacy poliutants from other sites,
stormwater discharges, combined sewer aoverflows and ron-peint source pofiutian. Each of these, in
addition to historic discharges from the BASF plant, has the potential to influence the biological
communily in the vicinity of the BASF plart. The literature review may result in a targeted st of
analytes originating upsiream or downsteam of the BASF site that may need 1o bs sampled both at
the sourca and at the project area,

* The biclagical cammunity of the Hudson River has been signifisantly altered through the inoduction
of numerous exotic plant and fish spacies in recent years. Some of these species have the abiiity to
significantly alter the biological community. Foremaest in terms of ecological impact among thase
species that have invaded the Upper Hudson in recent vears is the zebra mussel { Draissena
polymarpha). The zebra musse! has the ability fo not only directly compete with other benthic fauna
for resources but also 1o alter the chemicat enviranment bocally when i forms dense colonies. Febra
musasls are also a majar source of morality for some native musss! specles through campetition and
colonization an native musse! shefls. Changes in the aguatic community that may have the potentiat
o impact macrolnveriebrate resources in the vicinily of the BASF plart wilt be assessed. Although the
proposed macroinveriebrate sampling program is likely to provide sufficient data to address this
oconcern, i is possible ihat additional sampiing may be required 1o confirm the presence and
distribution of aguatic invasive species in the vicinity of the BASF site.

310  Field Operations/Documentation

This section discusses tield custody and documentation procedures. Laboratory and project file custody is
discussed in the QAPP (ENSR, 2005).

3.10.1 Field Log Book and/or Sampie Field Sheets

The Fieid Team Leader (FTL} will be responsible for maintaining a detailed log of fiseld acthvities within a bound
field notebook. The field nofebook witl contain a chronokogicat description of sample coliection activitles. The
notebock will includa information such as names and times for which all project-refated personnel {(consultant,
subcontractors, client} who are on-site, health and safety information, work-area assignments and goals,
general notatioh of time and weather conditions, description of work-refated problemns and their sciutions, any
specific scope of work deviations, amang other information. Each page of this notebook wil identily the project
name and the date and location of each activity described on a spedific page. individual noteboak pages wilt
be numbered seguentially and signed by the individual making the entry.

Ciher field records such as sampling logs will ke organized In & loose-eaf notebook for each field
investigation. The notebook will be assembiled prior to each field investigation including the appropriate logs,
as presemed below. The nolebook will include ioose-leaf plastic pockets for collecion of documents
generated in the field {e.g., shipping records). For convenience in the field {as welt as neatness), dlipboards
may be used on a daily basis during completion of specific field activiies. At the end of each day, all
compieted field records will be retumed to the locse-leaf nolebook. The notebock wilt be kept by the FTL in an
accassible location far use as a reference by project personne! as needed. At the complation of sach field
investigation, the notebooks will be retumad to the office, and the logs separated and filed into the appropriate
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project files. Logs which are relevant to several different tasks (or units), such as calibration logs or
photographic logs, will be copied and filed in each of the relevant project files.

Fietd racords will be recorded in black waterpraof ink, or in pencil if weather pravents use of ink. L.ogs will
inciude entries in every blank, with appropriate use of the abbrenvdations NA {not available) and NR {not
recoried). Field racord corrections witl include a single fine crossing out the incarrect dats, such that the
incorrect data remains legible, and initiated by the field siaff member.

Field measurements will be made by geclagists, sngineers, or other scientists and technicians, Fiald
rreasuremerds will be recorded to the level of precision indicated in the QAPP and the relevant SOP. The
appropriate logs for this project wil be employed, incliding site-spedific media sarmpding iogs.

3.10.2 Photographic Records

Phatagraphs from the sife investigations and from site visits will be inchuded in the reporting process.
Photographs will be numbered and documented sequentially. The numbering system will include dats and
lecation for each photograph taken.

3.10.3 Sample Documentation
3.10.3.1  Sampie Numbering System

Each field sample wilt be assigned a uniqus sample Identifler as discussed in the QAPP (ENSR, 2008) and
modified herain, This ldentifisr will be used throughout collection, analysis, and reporting activities. The
sample identifier will be clearly shown on the chain-of-custody form and sample container [abets and tags. The
sample identifier will be cross-refaranced to the field identification of the sample poird in both field notebooks
and the projact databage management system. Samples wilf be assigned unique sample identifications as
described below.

Tha first two characters will define the sampling round {e.g., 03}

The third and fourth characters will define the matrix type:

530 — sediment

PW — pore water

The fifth, sixth, and seventh characters will be a three digit number that will correspond to a specific location on
a map (e.g., 001, 002, 038, ete.):

The gighth character will indicate the statfon area and will be followed by a dash (e.g., Uk, F-, eto.):

U — Upstream {refsrence) Area
F — Adjacent Far Field

N — Adjarent Nearshore

U — Upper Navigational Channet

W —Western Shorefie
The ninth and tenth digits will identify the analysls planned for the sample:

TX Toxicity
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MC Macroinvertebrate community survey

5C Sediment chemistry

WC Water chemistry {for pore waters)
The eleventh character wil b a letter representing depth.  An “A" will represent the first sample collected and
letter assignment witl procesd sequentially (B, C, efe.} as samples from increasing depth are coflected. The

cross-reference between the letler assigned and the achual depth at which the sample was collected will be
recorded in the fieid records.

The iast character of the sample ID will represent the sample type:

1 — Fiek] sampiz

2 — Field duplicate

3 — Eguipment blank
Samples being designated for MS/MSE analysis will not include an identifier as part of the sarmple code, but
will be identified as such an the chaln-of-custady form. The sample idertification for Trip Blanks far VOO
analysis only) will be “TE" followsd by the date {day/month/year).
31042 Sample Labels

immediately upon collection, sample will be labeled with a pre-prinfed adhesive tabet, which includes festio be
parformed, preservation condifions and a unigue identifier, Field personnel will mark the date and time of
collection and sampler's in#tials once the labet is affied to the sampling contatner with 2 permanent marker.
3103.3 Chain-of-Custody Records

Samples will be accompanied by & properly completed chain-of-custody form. When fransferring the
possession of samples, the individuals relingufshing and recehding will sign, date, and note the time on the
recard. This record documents the fransfer of custody of samples from the sampler, to anothwr person, to a
mobile taboratory, ta the permanent laboratory, or toffrom a secure storage location. An exampie chain-of-
custody farm s included as Figure 3-3.

Minimum information recorded on the chain-of-custody record in addition {o the signatures and dates of af
cusindians will include:

+  Clientproject name,

+ Project iocation,

«  Project number,

v Field loghook number,

¢« Chain-of-custody tape numbers,

*  The person to whom results should be reported,

» Figld sampling numberfidentifcation,

» Sampling date and time,

a  Type of sample {grab or composhe),

s ldentification of sample collactor and hisfher affliation,
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« Sampie coniainer number, size, and material,
«  Sampie description {matrix),

»  Sample preservative,

+ The perfarmance of field filtration, and

+ Anzlyses to be performed.

The field sampler will be personally responsible far the care and custody of the samples uniil the samples are
transferred or dispatched properdy. As lew paople as possible should hanidle the samples.

Each sample container will have a pre-affixed label. This labe!l will be completed in e flsld with 2 unique
sample identifier, the sita namse, sample coliection date and tima, analysis requested, and preservative and wilt
be slgned by the sampler. The FTL wili review field activities to defermine whether proper cusiogy procedures
were followsad during the field work and will decide if additional samples are required.

3.10.4 Sample Packaging and Shipping Requirements

Samples will be packaged properiy for shipment and dispatched to the lshoratortes for analysts with a separate
signed custody record gnclosed in each sampla cocler. Shipping containers will be locked or secured with
strapping tape and sealed with custody seals. The preferred procedure is to atfach a custody seal #o the front
tight and back left of the cooler. The cacler wifl be teped clpsed with fiberglass taps covering the chalin-of-
custody seals,

Samples will be shipped daily from the fisld to the laboratory using an ovemight courier or onsite pickup by the
taboratory. Al shipments wili be accompanied by the chain-of-custody record identifying the contents. The
back copy will be detached and kept as part of the field records. The orgnat record and remaining copies will
acoompany the shipment,

Laboratory custody procedures are dascribed in the QAPP {ENGR, 2005).

3.11 investigation Derived Wastes

The purpose of this section is 1o ensure that the guidance specified In the Apri 1992 EPA Publication 9345.3-
03F§ titled Guide to Managemsnt of Investigation-Derlved Wastes is followed when periorming investigative
activites at the site. Metheds for collection and handiing of investigation-Derived Wastes {IDW) will be
consistent with this dogument.

Given the nature of the Hudson River fizld sampling effori (e.q., primariy sediment, surface water, and
potentially biota sampling), His anticipated that only very Emited waste materials will be generated during the
fizld investigation. These materials include:

+ Pesontamination fiukd;
¢ Lised PPE;

v Used sampling equipment.
These wastes will be handled in the following mannes:
* River water used for rinsing sampling equipment wilt be released back io the River in the immeciiaie

virinity of #2 point of generation. Phosphate-free detergent wash water and deionized rinsate water
usad for decontamination will be contained in 55-galion drums or bulk containers.
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= Used PPE, such as sampling gloves, paper towels, or other matsrials wil be bagged and sealed prior
to disposal as general refuse. if PPE bacomes grossly contaminaled, # will be segregated from other
PPE, {abeled and sfaged as "contaminated material”. Contaminated material will be drummed and
staged in the IDW area designated by BASF perscnnel. The field team will arrange for off-site
disposal of drums by a licensed waste hauler at an approved facility.

»  Uized sampling equipment, which generafly has minor contamination, witl be disposed of with the PPE
as general refuse. Contaminated disposable equipment will require segregation from other equipment
and proper disposal.

» The field {eam will be responsible for arranging the removel and proper disposat of all acoumulated
waste malerlals following completion of the field program. Disposal will be arranged with ficensea
waste haulers at approved receiving facilities,
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Tahla 3-1
Data Quality Objectives
BASF Corporation
Hudson River OU-2 Investigation
Rensselaer, New York

BQao Step Site-Spacific Information

Step 1: State the Problems Based un previcus sedimant sampling, metals and VOCs were detected
at elevated lavals in the Hudscn River in the vicinity of the BASF faciiiby.
Additional sampling and analysis is necessary to avaluate the horizonial
and vericat extent of metals and VOCs in the siver adjacent o the site,
to evaluate the relationship of these constituents to factors such as grain
sfze and bathymetry, and o avaluate the potenttal for risk fo human
tresbth s tha environment.

Potenfial ecological effects associated with  axposura o the
contaminants found in the sediments of the Hudson Biver are varied and
{ikely dependent on site-specific characteristics

Therefore, addiinonal data are nesded to better characterize the Site, to
evaluate the potenfial biogvailability and toxicity of contaminamts in
zediments, to assess whether the ecological community is stressed or
impaired from BASF relzted activities, and allow for more robust
statistical analyses of site and upstream data.

Step 2: identity the Decisions 13 Has the extent of ssdimant contamination tesen adsguatsly
delineatad verically and horizontaly?

2y Can relationships be established between sediment constituent
burdan and factors such as grain size, sample depth, depositiona)
pakterns, aic,

3} Ave the farget chemical concentrations in sediments greater than
sediment quality benchmarks?

4}  Are target compounds bicavailable to ecological receplors?

BY What is the chronic fowicity of the sediments io representative
ecological recephys?

6} Are bonthic receptors in the Hudson River adacent to the BASF SHe
at risk from exposure to chemicat stressors in Hudson Biver
sediment?

T} Are human receptors in the Hudson River adjacent o the Site at risk
from exposure (dract of indirect) to chemical stresaors in sediment?
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DQO Step

Slie-Specific Information

Step 3: identify Inpuis o the Decision

The key inputs for making the required decisions are briefly summarzed
as folfows:
YOCs - Sediment (surface and sub-sturface) samples will be collected

frorn the near-shore study area and aybmitted for laboratary analysls of
VOCs.

inorganias - Sediment {surface and sub-surface) samples wili be
caliscted from the near-shora siudy area, upsiraarn reach and
downstream reach and submitted for iaboratory analysis of inorganics,
grain size, TOC, and SEMAVS.

Surficial sediment samples will be coliecied from fhe foliowing localions:
{1} Upstream Reach; (2} Adiacent Nearshora Reach; {3) Adjacent Far
Field Raach; (4} Western Shorsling; and {5) Upper Navigational
Channel.

A sub-sat of these samples will be used for chronic sediment ioxicily
tasts. Maoroinvertebrate community metics will also be measured at
these locations.

Stap 4 Define the Shudy Boundaries

The BASF sile iz located on Riverside Avenue in Rensseiaar, NY. The
atudy ares within the Hudson River has been defined ag the portion of
the river withir 1500 feat upstream and downstream of the facility
bBaundary. Alhough this aextent of the river is fikely to include background
areas {i.e., upstream) not impacted by the site, in order fo achieve simitar
upetream condifions regarding sadiment composition and deposition, a
reach of the river approximatety 2 miles upstream has been salected as
the background ar reference condlfion reach. The dver has beer sid-
divided into samping reaches to faciltate data evaluation,
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DQO Step

Site-Specific Information

Slep 5: Develop a Decision Ruls

1}

2

3}

4}

The constifuent concentrations of the samplad sadiment will be
compared to sediment qualty benchmarks developed in the Site
trvestigation to determine if a conclusion may be drawn conceming
selaction of these constiiuents as COPCs.

Degiston: nule for organic and inorganic consfifuents.
It the constituent concentrations in bulk sediment andfor pore
water are less than the relevant sediment quality benchmazics,
then those cortaminants are not expected to contibute 10 total
site nisk. if the contaminant concentrations are greater than
the sadiment qualify benchmarks, then further evaiuation may
be requireg.
Total concenirations may overstate the risk to ecological raceptors.
An assessment of constfituent hioavailability Is necessary to refine
the risk asseszment.
Dectston rule for SEMAVS results. The [SUM SEM-AVSfac]
data will be reviewed in the cortext of USERA (2005h)
guidance to determine if the sedimenis are “likely 1o be toxic”,
“predictions of effect are uncerain®, ar sediments ara
presumead 1o “not ikely” be fode
RAesults from the bulk sediment chronic toxicity tesis will be used 1o
evaluate potential lethel {survivall) and sub-lethal (growth and
emergence) effects assoclated with exposwe o sHte’downstream
sadiment refative to background sediment.
Dacision nile for loxicity evaluafions. i the
sunvivaifgrowth/emergence are consistent with or greater than
the laboratory contrals or comperable Upstream and Wastem
Shoreline reaches, thiz suggests no unaccepiable sk
atirhutable to the Sie. i the sundualigrowthiemargencs are
less than comparsble Upsiream and Westem Shorafine
reaches, funher investigation may ba watrantsd,
Rasuits from the macroinverizbrate study will he used fo evaluats
macroinveriebrate exposure to sile/downstean sediment relathes to
background sediment, '
Degizion nule for macroinvertebrate avaluations. [ the metrics
evaluated are consistent with or greater than the Upstream
and Woestem Shorsline reaches, this suggests no
unacceplabie risk attributable fo the Site. If the avaiuatad
mefrics are less than comparable Lipatream and Westem
Shoraline reaches, further investigation may be warranted.

The BERA uncetainty anahysis witl include a statlstical analysis of
data. If the Sie data are stafisticslly simiar to Upstream and
Western Shorsling dale, this sugoests no Unacceptable rishs
aifributaitle to the She. i the data are inconsistent, further
investigation may be warmntad,
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DGO Step She-Specific Information
Step & Specify Tolerable Limits of The data quality indicalors for screening and definitive data are defined
Bacision Emors i1 tarmns of the precision, accuracy, representativeness, completenass,

and comparability {PARCC) parameters. The agsessment of the data
quality indicators is necessary to determing data usabifity and invoives
the svaluation of the PARCC parameters: precision, accuracy,
represenmativensss, compieteness, and comparability. To ensure the
Quaitty and integrity of the project data, the precision and acouracy of the
analysis, the representativeness of the results the compieteness of the
data, and the comparability of the dats to existing data will be svaluated.
Data that meet the DO0s and futhil project goals will bs deemed
acceplable. Data that do not rost objectives and goals will be reviewsd
on a case-by-tase basis io asceriain s usefulness. For ecalogical risk
Bazesemant purposes, each sample {or sample reach) will be usedto
maka a decision, especially in the case of co-located biolagical,
chemical, and foxicological endpoints. However, inferential stalistical
anahysas will be condueted to evaluate consistenay of the different data
sets

Step 7: Optimize the Deslgn The variability of data will have an effect on the zamphing design. i
neceszary, the sample frequency and the analytical procedures may
underge changes to oplimize the deslgn. The design options, such as
sample collection dasign, sample size and anaiylical procadires will be
evafuated based on cost and abillty o mest the DODs.
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Table 3-2
Anabyte List, Project Requirad Detection Limits, and Beporling Linits
BASF Corporation
Hudson River OU-2 investigatlon
Renasslasr, New Yark
Agquesus Sedlment Agqueous
PRDI. PRDL FOL* | Sediment POL’

CAS No. Parametar {gt} | Note | (mg/Kg) | Mote | {pgfi) {mg/ig)
TCL VOCs by SW-546 82608

Ta-34-5 1, 1.2, 2-Tetrachomethane 4.2 L 1.4 2 10 0.008
T1-55-6 1,1, i-Trchlorasthane 5 1 0030 2 10 0005
To-00-5 1.1 2-Trichlorogthane 1 1 1.2 2 1.0 0.005
068-12-8 1,2-Dibromo-3-chicroproganes .04 1 MW, - 2.0 0.005
106-83-4 1.2-Dibromosthane 0.0008 1 My, - 18 2.006
75-234-3 1.1-Richforosthans 5 1 a.027 2 1.0 .305
107-06-2 1.2-Bichiroehansa 0.6 i (.250 2 1.0 0.005
F5-35-4 1,1-Dichloroethens ki 1 .01 2 1.0 0.005
156-59-¢4 cig-1,2-Dichloroethens 5 1 4400 2 t.0 0005
T86-80-5 trans-1,2-Dichiorosthzne ] 1 0400 2 1.0 G005
Te-g-5 1 2-Dichinropropana 1] 1 0333 & 10 0.005
TO081-0%-5 |ois-1.3-Dichiompropens 0.085 2 0000051 2 10 0005
10061028 {trans-13-Dichloropropemns 0.055 2 0.000051 2 1.0 0.005
78-93-3 2-Bulanane &0 1 Q270 2 50 D010
591-T8-6 2-Hexanona ag 2 0022 2 £.0 0.0
108-10-1 4-Methyl-2-pentanone 170 2 0033 2 5.0 0.010
67-64-1 Acetone 50 1 Q.0087 2 10 0.0240
71-43-2 Benrenea 1 1 {1.280 T 1.0 0005
To-27-4 Bromegiichioramethans &0 1 MW, - 0 0008
T5-25-2 Bromofom S50 k; 0.650 2 1.0 00045
F4-83-9 Bromomethans 5 1 B - 20 Q.008
Fo-18-0 Carbon disuifide o.52 2 0.00G85 2 10 0.010
B&-23-5 Carbon tefrachioride 04 1 0.047 2 10 0.805
108-80-7 Chiorobienzene 8 i 035 7 14 0.005
T5-00-3 Chloroathana 5 1 N, ™ -- 2.0 0010
67-66-3 Chlaraform ¥ 1 oz2 2 1.0 0005
74-87-3 Chioromethzne 5 t My, == - 2.0 0005
t124-48-1 Cibramochloromethane &0 t B, -- 1.0 0.005
To-71-8 Dichloredifluoromethane o 1 BEY, ™ - 10 0.005
100414 Ethylbenzena 5 1 0.064 T 1.0 0.605
Th-09-2 Methylens chiodde 5 3 0.370 2 14 0.005
100-42-5 Styrane 5 1 0254 g 1.8 o005
127184 Tetrachloroethens Q.7 1 1410 2 1.0 0005
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Aueocus Sediment Aqueous
PRDL PRDL POL* | Sediment POL®
CAS No, Parginetar fug/L) | Mote | fmg/Kg) | NMole (gL} {mg/Kg)
08-68-3 Tolusne 5 i 0450 7 1.0 0.005
78-01-6 Trichixoethens ] 1 0.220 2 5.0 0.002 -
75-69-4 Trichlorofluoromathane 5 1 My, - 18 0.005
To-H-4 Wirwl chiorice 03 1 0202 -] 1.0 2.005
05-47-8 o-Xylene 5 ] 0.820 7 1.8 0.005
1330237 | m,p-Kylene g 1 0.820 7 1.0 0.005
TE-13-1 1.1 2-Trcharo-1,2 2-trifluorcethans & 1 Ny, - 1.0 10.005
Fo-20-9 Melind Acatate 810 1 NV, - 10 oy
1834044 { Methyl-ter-buhyl-ather 10 1 WY, -- 1.0 0005
Ho-g2-7 Cyclobexane 1000 4 M, -- 1.0 0.005
108-87-2 Methyioyclohexane 524} 4 WY, ™ - 1.0 0.005
g2-52-8 lzopropylbenzens 2.8 3 0.120 7 1.0 0.005
120-82-1 1,2 4-Trichtorobenzene 5 1 0.91 7 1.0 0.5
g5-50-1 1. 2-Dicharsbanzens | 1 0.120 ¥ 1.0 0.005
541-73-% 1 3Hichlorobenzens | 1 0120 7 10 a.005
f06-46-7 1 4-Dichlarabenrens | 1 0.128 7 10 .05
123-91-1 1.4-Dicoane 22 000 & 0,119 & 1060 0130
T4-87-5 Bramochoromethane 5 t Ny, ™ - 10 0.605
87816 1.2.2-Trchorabersene 5 1 0.91 T 1.0 0.005
TAL Metals by SW-846 6010B/6020/7471 ATATOASTTAD
T420-00-5  PAluminum 1343 35 2600 a8 100 10.0
7420-36-0 [ Antimorny 3 1 2 ¥ 1 1.0
TA40-383-2 | Arsente o0 1 038 ¥ 10 16
7440-29-3 [ Barnium 1008 1 0.7 8 20 2.0
7d440-41-7 [ Benlium 3 k| a4 7 1 0o
FA4-43-9 I Cadmicm 21 3 .6 7 1 05
F4A0-70-2  {Calcium MY, - WY, — 1004 100
Fa40-47-3  {Chrarmitm a0 1 26 7 10 1.0
T4a0-48-4 | CGobalt 5.0 3 10 a i 5.0
F440-50-8 | Copper 8.0 3 18 7 i 20
F439-88-6  |lron 300 3 20,000 T 100 10.0
T430-92-1 ilead 45 3 H ri L 05
7438-95-4 | Magnesium 30000 3 MY, - 1000 100
7438-96-5 |Manganese k0 3 480 ¥ 10 1.0
74350978 | Mereury o7 a [V P K 02 0.0333
Faa-02-0 | Micket 820 3 16 7 40 4.0
7440-08-7 | Potassium WY, == My, - 20 160
7782-48-2 | Salanium 4.8 3 0.29 a 2 0.5
TAAG-22-4 1 Silver a1 3.5 1] ri 1 10
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Agqueous Sediment Anueous
PRDL PROL PQL* | Sediment PGL*
CAS No. Parameter (ugft) | Note i (mgKg) | Mote | {pgl) {mg/¥q)
T440-23-5 | Sodiom L 3 MY, - 1000 1.0
F440-28-0 | Thelium a5 1 NV, - 1 1.0
T40-62-2 | Vanadium 14 3 50 1 5.0
F440-66-6 | Zinc 826 3 120 7 20 20
SEM/AVS by EPA 821/R-91-106 Draft
T440-43-0 | Cadmium NA - NV, * - BA 0,004 prmotig
7440-50-8 {1 Copper BA -- B, ** -- bR, 0.0.031 pmallg
7435-92-1  iLead MNA - BV, * - NA 0.024 pmoiig
FE38-97-6 | Mercury MA, -~ MY, -- A Q00017 pmolig
Ta40-02-0  § Micked MA - B, - MA 0.068 pmotig
7440-66-6 1 Zinc MA - B, wu A (L0115 pmoblg
hEA, Acid Yolatile Suifide A - B, - M .1 ymelfg
NA Tatal Grganic Carhon hy Llayd Kahn MA - MY, ™ - A 300
A Dissoived Organic Carbon by MY, - A - 1.0 mg WA
SW 846 9060
MA Total Organic Carbon by SW-B46 MY, ™ - Nl - 1.0 mgll MA
2050
MA Graln Size by ASTM D-422 A - Ha - MA MA
MA Soot Carbon NA - MNA - MA TR

FRP. ~ Project Required Detection Limi
PO - Practical Quantitation Limit

BY — Mo soreenlng value identified

NA — Not Appiicabile

* Data are 1o he reported to the MBE, J-gualilied between the MOL gref RE, and U-qualified at the POL il not detected.
" The project required detection limit will default lo the laboratony’s PGL in the absence of & readlly available screening
value. .

1 = NYSDEG values for Class A surface waters used as drinking water sourse {NYSDEC, 1008; NYSOEC, {90dh,
MYSDEC, 2000c).

2 — Sediment: Secondary Chronic Yalue {Jones, et. al., 1957} Surface water: Secandary Chronic Value {Suter and Tsao,
19206},

3 — NYSDEC aqualic llfe water quality criteria (NYSDEC, 1098),

4 = Mo NYSDED value avaitable. Therefore, USEPA Pegion 9 Freliminery Remediation Goal for tapwater used. October
2004,

& — Value prasented is for lonic Fomm.

& — Ecological Scresning Levat (LISERA, 200300

7 — NYSDEC sediment criteria {NYSDEC, 1698a).

8 — MOAA Sereening Cluick Reference Tables {(SQuiRTs) avaliable at

hitp-iresponse. restoralion. noas. gov/cprsediment/sauinsauin. im!
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Table 3-3
Sampilig Program Rationale
BASF Corporation
Hudson fiver OL-2 Investigation
Renssclaer, New York

ENSR

Number of
Sampling
Statlons

Locatian
Description

Nunrtber of Stattons in Each Surficlal
Substrata Type

Number of Analyses

Sand

Sendy
gravel

Graveliy
sand

Muddy sand

TCL VOCa

TAL Mefals

i

Macrs -
nvertebrate
Commnunity

Survey

TOC and
Grakn
Size

Chironic
Toxkclfy
Testing

SEM and
Aysh

Pora

Water'"]

HAationala

Surllcial Sedi

ment Sampling {0 to O

.5 i sampling harizon)

11

Adjaceni
Mearshore

|

11

t1

11

Eleven samples are located within the Adiaceni Nearshore area within the viclnity of the five
gutfall locatlons, and adjacent to the bulithead between autiells, These lecations were
selected to account for a ranga of known COPC concentrations and o represent slirficlal
conditions at five new core localions. These samples will help to: {1} further delinente tha
horizontal extent of inorganic and organic compounds in the nearshore emdronmeant; {2)
determinge the potential risk to scological receptors from sxposure o GOPCs in the surficlal
matrix through an evatuation of sediment chemistry data, toxicity tests, and macroinvertebrala
community Burveys. Porewater sampling will also be conducted in a sub-set of surficial
sediment samples in the Adjacent Nearshore arez in order to better understand the potential
bioavailabiftty of crganic sompounds in muddy sand sediments adjacont o the Sita.

Arflacent
Far Fiald

Twao samples are iocated within the Adjacent Far Field area. Historical date indicales that the
western extant of patentiaity impactad sediments may not be fully characterized in this area.
Theso samples will help to: (1) further delineate the horizondal extent of inorganle and oTgamic
compounds it the far figld environment; {2} determine the potential rlsk ta ecological receptors
from exposure to COPCs in the surdicial matrlx through an svatuation of sediment chernistry
data, toxlckly tesls, and maceolnveriebrate community SUrveys,

t1

Uppar
Mavigational
Channek

i1

t1

Eleven samples are located within the Upper Mavigational Channed which represents the
upstraam exdent of rauting navigational dradging In the Hudson, and has historically been
characterized by slevated concentrafians of inorganic constituents. Thess samples will fielp
§0: {1} further detineats the horzontel extant of inorganic downstream of the Site; {2} determine
the potential risk to ecotogical receptors from exposure to COPCsin the gurficial matrix
through an evaluation of sediment chamistry data, toxkchy lests, and macrinvertebrate
community surveys. Porewater sampling wH! alse be condusted in a sub-sel of samples o i
order 1o botter understand the potentlst bioavattabilily of campounds in sediments down river
of the Slte.
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Mumber of Siations in Each Surficiat

Substrate Typs Number of Analyses
Macra -
Number of TOC and | invertebrate | Chronic
Sampling ]| Location Sandy | Gravelly SEM and Grain Commenify | Toxiclty Pore
Stations | Description | Sand | gravel | sand | Muddysand | TCLVOCs | TAL Metals | AVS" Size Survey Testing Water®] Raetlonale
Six samples are localed in the Upstream area to detenmine backgraund (refarence condition)
COPS concentrations in locations animpactad by the Sife, Loecations hava baen salected o
account for a range of known COPG concentrations and a range of surfical substrales. These
stations with {1) provide an indication of upstream, anthropogenic lavels of COPGs associated
Upstream with & larga river in an urbantzed environmant; (2) represent the muddy sand subsirate and
a {Refarance 1 ’ 4 3 5 & A B & 8 5 afiow fmt mmparltvsun with §arr!plas collected from the Adjacant Nfarshcre env}rnfn@ent; {3}
Conditions} provide infonmation on grain size distrlbution, bathymetry, depositional characteristics, and
other geophysical properties of the upstrean environment; and {4) provide comparison
samples for blological evaluation {toxicity testing and macroinvertehrate surveyhPorewater
sampling will also be conducted in a sub-set of samples in the Upstream area in order i better
understand the potential bioavaiiability of organic compounds in sediment and provide
comparisan samples for the pora water evakuation,
Six sampies are located along the Western Shoreline across the Hudson Biver from the Sita in
fecations urimpactad by the Site. These stations will: {13 provide an indication of
anthrapagenic tevels of COPUs assaciated with a large tiver in an urbanized environment; [2)
Wastomn provids iInformation on graln size distribution, bathymatry, depositionat characleristics, and
L Shoreline o 0 3 3 B g 3 G & & 1 other geophyslcal properties of the Western Shareline environment; and {32 provide
eomparison samples for biclogical svaluation (toxlcity testing and macrolnvertebrate survey).
Porewater samphng wil also be conducted in a sub-set of samples in the Westem Shoreline
area in arder to better undsrstand the potontiat bioavallebility of organic cormpounds in
i sediment and provids comparison samples for the pora water evaluation,
Sub-Surficial Sedimeant Sampling (3.5 to 2 # sampling horizon)
| These sampies will halp to address the existing data gap relative 1o the sadiment horizon
G Adjzcent o 0 a a a & B a a o o between 0.5 and 2 |, which has not previously been sampled. These locations weme selecied
MNaarshore to account for a range of known COPU concentrations and will halp to further delineate the
vertical extent of inorganic and organic compounds in the nearshore anvironment.
Sub-Surficiai Sediment Sampling {0.5 to 12+ ft sampting horizon) ¥
These samples will help to further delineats the vertical extent of inorganie and organic
7 Adjacent 0 o a - 43 42 5 21 B 0 o compounds in the nearshore environmant and will also addreas the existing data gap relative
Mearshore to the sedirnent horizon botween 0.5 and 2 ft, which has not praviously been sampled. An
atternpt wili be made to advanoe several of the sediment cores to a depth of 20 11
These samples will help to further delineate the verical extent of inorganic and organic
Adjacent compounds In the far Reld environment in order to betler understand the westsn axtent of
4 Far Figld 4 8] L { 24 24 a 12 ) 0 0 potentiafly impacted sub-surficlal sediments, Thess samples will also address the exisling data
gap relative lo the sediment horizon between 0.5 and 2 #, which has not previeusly been
sampied.
Upper These samples will halp to further defineate the verticat extent of norganic compounds In the
3 Mavigalione| o i o 3 i 18 8] g o 0 i Upper Navigational Channel. These samples will also address the exdsting data gap refalive to
Channel

the sadiment hotlzon betwaen 0.5 and 2 i, which has not previously been sampled.

[=] BEM and AVS fo be evaluated in approximately 50% of samples selected for inorganic constitusnts.
ib] TCL WViOCs, TAL Metals, TOC, and BOC analyzed in pore water. Co-located sediment samples analyzed tor TOC and Soot Carbon.
Ic] Asaume up to 6 hotizons analyzed per core.
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Summary of Proposed Samples

Table 3-4

BASF Carporation
Hudson River O1)-2 Investigation

ENSR

Hensselaer, New Yark
Analytical Parametar
Chemical Analysas Binlagical Toxleclogleal
Analyzes Analyses Other
Macroinvanabrata Chranic
JGE | TAL SEM/ | Pore Cammunity Toxloit TOC and
Stafion ID | ¥OCs | Maetats | AVS | Water™ Survey M Tastingz’ Graln Siza Notes
Adjacent Nearshora
3z x X X X X x x surficial sediment plus 0.5- 2 #
tiorizon will be samplad
56 x X X X X X surficial sedimant phas 0.5- 2 |
horizon will be =amplad
&8 X X X X X X
20 X X X ardy 0.5 - 2 # horizon will be
sampled
a2 ¥ X X e X A surilciz] sadiment pius 0.5 -2 R
horizon will be samphad
B85 X X X X X x x surficial sadiment pils 0.5 - 2§t
horizon will be samapbad
&7 X X X X X x X
g4 X X X X X X ¥
g7 X x X X e x %
g8 X X X onily 0.5 - 2 # horizon wilk be
§ sarmpkad
g X X X X X X
115 X X X arily 0.5 - 12+ 1t horizon wili be
sampled
116 X x X onby 0.5 - 12+ ft horizen will be
sarnpdad
4 X X X anky 0.5 « 18+ ft horizon will be
samplad
122 X X X aniy 0.8 = 12+ ft horlzon wii be
samplad
123 X X X X surflelal sadiment phas 0.5 - 121t
horizon will be samplad
128 X X X x surflelal sediment pius 0.5 - 121t
horizon will be sampted
135 X X X arfy 48 - 124 ft horiagn will ba
sampled
Adjacent Far Fiald
T X ¥ X only L5 - 124 i Frorlzon wilk be
sampled
118 X X X x x X surficial sedimant plus 0.6 - 124
it horizan will ba sampled
119 x x X anly 0.5 - 12+ & horzon will be
sampted
120 X x x x X X sterficial sediment plus 0.5 - 12+
ft horizon will be sampled
Upper Navigationalf Channa!
&1 X X X X X
a4 X X X X X
&7 X X X X X
ST PSS DU TENTT PETFM orkPin_Teat.aoc 3-30 Augus 2007
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Analytical Parametar

Chemicat Anatyses Biotagical Toxicological
Analyses Analyses Other
Matroirvartebrate Chronic
TCL TAL SEnY Pore Community Toxi TOC and
Stalion ID | VOCs | Metals | AVE | Water™ Survay Tastin Grain Size Motes
&8 X X X X X X surficiat sediment plus 0.5 - 12+
ft horizon wilk be sampled
Tt X X x X X
124 X X X X X aurficial sediment plus 0.5 - 12+
ft Frerfzon will be sampled
125 X X X X X gurficist sediment plus 0.5 - 12+
ft Foofor: wilk be sampled
126 X x X X * X
127 X X X
128 X X X
S0-11 INY X X X k3 X
Upstream fReference Condibions)
4 X X X X .y X
] x X X X X X X
H X X X X * X
18 X X X X 3 X
27 x X X X X X X
28 x X X X x X
Wastarm Sharaline
130 X X X X % X
131 X X X X x x
132 x X x x X X
{83 X X X X X x
133 x X ks X X X X
134 X X X X ¥ X

Surficiz| sediment grat sampling (0 - 0.5 fi) ooours at all sampling RDealions, unfess vherwise noted. Notes column indicates samples with
additional core sampling.

fa] Pore water samples o ipchada VOC=s, Metals, TOC, and DOC, Co-lovated sediment sames will be analyzed for TOC and Soot

Carbon.

it Macroinvertebrata =amples wilk be collected in tripficate at each chroniy ooty testing station,

fic] Chronic toxictty testing will be conducted with C. tentans and wil inclide lethal (survival) and sub-etnal {growth, time o amargenca, %
emergenset endpoinls.
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Table 3-5

ENSR

Sample Containar, Preservation, and Holding Time Reguirements

BASF Corporation
Hudson Rlver Ol-2 investigation
Rensselaer, New York
Parameter Container {  Preservation | Helding Time *
Pore Water
VOCs TED TBD 14 days
Disscived TBD TED 28 days
Organic Carbon
Metals 8D TBD 28 days for mercury: 180 days
cther metais
Total Organic TBD IBD 28 days
Carbon
Sediment
VOCs 2 A0-mi giass vials with Cool 4%C Low leve! analysis: 48 hours to
Teflon lined septum caps wf preservation (freezing}
stir bar and 10mi DI water
Low leve! gnd high level
1 40-ml glass vial with anailyses: 14 days from
Tefon-lined septum cap w/ caflection 1o analysis:
10m| MeOH
26 Solids 1-125 mi glass Cool 4°C Mane
Metals Ona 4-oz, wide mouth clear | Cool 4°C & manths (28 days for mercuny
giass jar with Teflon- lined
fied
Total Organic One 4-oz. wide mouth clear | Cool 4°C 14 days
Carban giass jar wih Teflon- Hined
lick
SEMYAVS e 4-0Z. wide mouth clear | Cool 4°C 14 days
gimss jar with Teflon- fined
hd
Grain Size 1 B0z wide molth clear Mote Mone
glass jar with Teflon-fined lid
Soot carbon TBD TED TBD
' From time of sampie collection
TBD - To be determined
CHMWET P et TR0 TIPS orkFlan_Tast.doe 3-32
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Figure 3-3 Example Copy of Chsin-of-Custody Form
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4.0 Reporting

The report for this nvestigation will include several components designed to address the cbjaclives of the
investigation and confarm fo NYSDEC requiremaents. These objectives were presented in Section 1 and
Included the fallowing: '

» Definsating the hotizontal and vertics! nature and extent of seiected metals and VWOCs within the
sedimeants in the vicinity of the BASF faciity;

+ Developing a better understanding of riverine dynamics and primary and secondary source greas as
they relate to the geomorpholegy of the river in the vicinity of the Site; and

s Determining whether there are areas/sub-habitals in the river where Site-refated COPCs reprasant &
significart potantial dgk to humean health or ecological receptors.
The report wilt include the following:

»  Summary of the resuits of previous sampiing activities;

= Discussion of investigation activitles including sediment sampling, macroinvertelirate surveys, toxicity
testing, and geophysical svaluations, as appropriate;

» Tabular presentation of anahyical resulls for all media sampled during the fisld effort;

» Discussion of the nature and extent of any cantaminants identifiad, in the context of rivering
bathymetric and geophysical condifions;

s«  Evaluation of the vertical and hortzontal distribution of metals and VWOCs in the near-shore areas near
the outfals;

= Dhisoussion of the distribution of metals in the near-Site reaches of tha rver relative to reference
conditions in the Upstream ahd Waeastem Shoreline reaches.

» Discussion of the geophysical survey results, including relevant mapping;

» Conclusions and recommandations drawn from interpretation of the data, including a discussion of the
CSM and the potential for any risks to human health or the environmsnt; and

« Supporting data including any analyfical data packages, statistical support, and/or photographs.

If additional phases of invastgation are necessary, BASF will discuss with NYSDEL options for future
evaluations andfor sampling plans,

Ecological and human heaith risk assessment witf be conducted in accordance with relevant NYSDEC
guigance. Additional detail regarding ERA reporting is included in Appendix A; the scope of work for the
refined HHRA is prasented i Section 4.1, below.

41 HHRA Scope

The results of the screening level HHRA (ENSH, 2007) indicate that fhere is no potential surrent fisk to human
neaith associated with expastra fo sediment or surface water adiaocent o the Site. This conciusion is based
on & comparison of site data to consenative NYSDEC screening criteria and consideration of the limitad
accessibiiity of sife sediments. However, due to limitations of and uncertainties in the screaning criteria, further
evaluation may ba warrantsd to better understand potential relafionships between biota {fish} tissue residue
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mﬁcerﬁraﬁcns and human health. This refined svaluation wouid focus on key parameters used In the
derivation of the NYSDEC sediment criteria, as well as the method itself, as discussed below.

The NYSDEC sediment criteria (SC) have bean derived for a limited suite of organic constituents (52 non-potar
organic compounds) using an equilibrium partifloning (EqaP) methodology (NYSDEC, 1999a), Severst
parameters are included in the development of the NYSDEC SC, including a water quality criterion (WQC), the
constituent octanalwater partitioning coefficient (Kg.), and the organic carbon content of the sedimeant {f,,). For
some constituants, ne USEPA ambient water guality criterion or NYSDEC WQC {from TOGS 1.1.1)is
available. For these constiivents, derivation of the SC includes derivation of a praposed WQG specific to
protection of sediment {i.e., those noted with footnote (P) in NYSDEC, 19933). The WQC and proposed WQC
used in the derivation of the SC are derived {o be protective of human ingestion of fish, Therefare, the
MNYSDEC SC for huran health are, by detault, protective of potential fish consumption. There are, however,
several uncertainties associated with the approach for the SC. As part of the refined HHRA, these
uncertainties will be evaluated to refine the appficability of the NYSDEC 5C to the sediment risk assessment
and, as appropriate, derive site-specific SC.

The derivation of the WQC and proposed WQUC includes three parameters: the accepiable daily intake (AD),
the daily hurman ingestion rate of fish, and a constituent-specific bioaccumulation factor {BF). The ingestion
rate {(.033 kg/d) has been {sken from 8 NYCHRA 702.8. The ADI is constitueni-specific and, according to
MNYSDEC (1999a), is taken “from fact sheets supporting drinking water standards and guidance values in
TOGS 1.1.1." The BFs for the proposed WO are based on 3% lipid and were “determinad as a bast
judgment from review of avaiigble information in USEPA water qualily criteria documents (USEPA, 1979}, and
other scientific literature” (NYSDECG, 1993a). For WQIC cited in TOGS 1.1.1, BFs were derived in accordance
with TOGS 1.1.4, which foliows guidance from USEPA {1995} Great Lakes Water Quakity Initiative Technical
Support Document for the Procedure to Determing Bioaccumulation Factors {TSE) EPA-820-B-95-005. The
two praceduras are slightly different, inciuding age of supporting literature and dietary fraphic structure
considerations, '

In addition to the uncertainties associated with the BFs, K5, and other inpuf parameters io the EgP model,
there are limitations and unceriainties inherent fo the EgP methodology and its application in derivation of
gediment crteria. The EgP meathodology is uncerain and variabie depending an factors inclding the vaiue of
the K4, used, the arganic content of the sediment sample, the type of organic matter present, and whether the
sediment and pore water are at an equitibrium (which may not be the case for sites that are dredged). For
compounds with & K, loss than 100 (logo®. = 2), the methodology may underestimate acceptable sediment
concentrations (NYSDEC, 1955a).

The modet used fo derive the BF assumes a steady-state environment where consfituent cancerdrations are in
aguiibrium between bingding to sediment and particles in porewater, and dissolved state in porewatsr. Many
natural and snthropogenic factors may lead to a disruption in the presumed squifibrium. As mentioned above,
the maintenance dredging that occurs in the Hudson River is one factor that may disrupt equiibrium. Boat
traffic {i.e., prop wash) may also cause constituents to be out of equilibrium between sediment and porswater.
Seasonal changes in & tempetate system such as the Hudson River may disrupt the steady-staie assumed in
the EqP model, leading 1o changes in the equifibrium. Lastly, as descoribed i Section 3.5, the nature of the
EgP relationship relative to the type of carbon present is highly variable. Far the VOCs of concemn at the Site,
Ko values have besn shown to vary by 2 fo 2 orders of magnitude, depending upon the type of carban
avaitable. se of Site-specific Kuo's {rather than terature-based values) may yield aternative sediment
benchmarks.

Measures of fish bioaccumulation of constituents from water or sediment are gifficult to predict. BFs or biota-
sediment accumulation factors (BSAFs) that are based on K, values or derived from laboratory studies do nat
take into consideration foed chain effects. Valuss derived from fisld studies do not reflect the site-specific
camplexities in the koeal food web. And no Hterafure-based BF or BSAF can reflect the natural variation in
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expastire dus to the transierd nature of many fish species coupled with the heterogeneily of constituent
concentrations in a system as large as the Hudson River.

The uncetatnties associated with the parametsrs and the methods discussed above will be axplarad further in
ar evatuation fhat accounts for site-specific considerations.
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5.0 Project Organization and Responsibilities

Key persannel and their specific respeonsibilities are discussed below. Table 5-1 includes namess of individual
personhel, telephone numbers, and e-mail addrasses,

5.1 BASF Project Manager

The BASF Project Manager, M. J. Douglas Heid-Grean, Is responsible for project direction and dacisions
concerning technical lssues and strategies, including technical, financial, and scheduling matiers.

5.2 ENSR Project Manager

The ENSR Project Manager, Mr. John Bledler, has responstbiiity for sub-contracted technical, financial, and
scheduling matiers. Other dutiss, &s necessary, inciude

+ Subcontractor procurament,

=  Assignment of duties to project staff and orientation of the staff {o the specific nesds and requirements
of the project,

« Ensuring that data assessment activilies are conducted in accordance with the Quality Assurance
Froject Pian (QAFF),

s Approval of project-specific procedures and internally prepared plans, drawings, and reporis,

s Serving as the focus for coordination of all field and laboratory task activities, communications,
reparts, and technical reviews, and other suppon funclions, and facifitating site activities with the
technical requirements of the project, and

+ Mainfenance of the project files.

5.3 ENSRB Technical Leader
EMNSR's project managsr will be assisted by a Technical Lead, whose duties, a3 necessary, include:

« Enguring that data assessment activities are conducted in accordance with the QAPP,
+  Appraval of project-speciiic procedures and internally prepared plans, drawings, and reports,

+ Sarving as the focus for coordination of ali Held and laboratory task activities, communications,
reparts, and technical reviews, and other support functions, and facilitaling sampling activities with the
technical reguiraments of the project, and

+ Maintenance of the project files.

5.4 ENSR Technical Reviewer

ENSH's technical reviewer(s) wit provide added technicat guidance to ENSR's Project Manager and Technical
Lead as nesded, and review all reporis.

5.5 ENSH Health and Safety Officer

The ENSR Project Health and Safaty Officer, Ms. Kathy Harvey will serve ag a healih and safety advisor to the
Project Manager and EMSR staff including:
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» Recommending appropriate personal profective eduipment (PPE) to protect ENSR personnel from
patential hazards,

» Conductng accident investigations.

56 ENSR Project QA Officer

The ENSR Praject QA Officer, Debra MeGrath, has overall responsibility for quality assurance oversight. The
ENSR Project QA Officer communicates directly to the ENSR Project Manager. Spacific responsibilities
Inciude:

» Preparing the QAPP,

+ Reviswing and approving QA procedures, including any modifications to existing approved
procedures,

=+ Ensuring that QA audits of the various phases of the project are conducted as required,
= Providing OA technical assistance to project stalt,
«  Ensuring that data validation/data assessment is conducted in accordance with the QAPP, and
» Reporting on the adequacy, status, and effectiveness of the QA program to the ENSB Project
Manager.
5.7 ENSH Analyiical Task Manager

The ENSH Project ChamistLaboratory Coordinator, Lori Herberich, will be responsible for managing the
subcontractor laborataries, serving as the alson between fisld and laboratory personnel, and assessing the
gualty of the analytical data. :

5.8 ENSR Field Teamn Leader

The ENSR Fieid Team Leader will be responsible for implementing the tield program, including management
of field services subcontractors. The FTL will have overalt responsibility and authority for the various field
activities. The FTL wi be responsible for coordinating and managing the field sampling team and
stibeortractors. The FTL will report directly to the Project Manager.

A field team cansisting of at least two peopte will be used dwing the fisld activities. The team will coordinate
divectly with the FTL and Praject Manager.

The S50 wili be responsitie for tralning and monitoring site conditions. The S50 will report directly 1o the
Project Manager and work closely with the FTL.

A Quality Assurance/Guality Control (QAAIC) Cficer will be respansible for ensuring that alt fisld work
performed by ENSR or their subcontrachors is being conducted in accordance with this FSP. The QA/QC

Officer witl be responsible for conducting an-site and teboratory audit{s} and raporting of deficiencies. The
QALC Officer will report directly to the Project Manager.

5.9 ENSR Data Manager
The ENSR Data Manager wilt be responsibis for managing the project data.
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Tabie 5-1
Proposed Project Team
BASF Corporation
Hudson River OU-2 Investigatfon
" Rensselaer, New York

Title Name Telephone Mumber Email

BASF Project Manager | J. Douglas 008 806-6472 Bougias Beid-
Reid-Green Green @BASF.COM
ENSH Project Manager | John Bledler 978-588-3000 exi 3008 | |bisiler@ensr ascom com
ENSR Technical Leader | John Bleiler 978 580 3000 ext 3056 | Jbleller @ ensr.agcom . com
Mark Gerath 078 589 3000 ext 3189 | MGerath @ensr.a9com.com
ENSH Technicat T he determinad Tobe determined To be determined
Reviewer
EMSRA Project QA Debra MoGrath 978 589 3000 ext. 3358 | dmegrath@ensr.aecom.com
Offiger
ENGHE Anabytical Task Lort Herbarlch 978-580-3000 exd 3383 | hherberich®ensr.ascom.com
" | Manager
ENSH Health and Kathy Harvey 978-589-3000 ext 3325 | kharvey @ ensr.aecom.com
Safety
Freld Taam Leader To be determined To be determinsd To ba determined
Data Manager To be determined To be determined Ta be determined
MW e et IIPEH FISTOWork PN _Texd aoe 5-3 August 2007




6.0 Schedule
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Field activities are aniicipated to commence in the late summer of 2007, depending on weather conditions and
NYSDEC approvat of the final Work Pian. The field program is projected to be complete within 30 days of

mobifizatian.
Activity Derration (days) Anticipated Siart Date* Anticbp;l:t:: Finlsh

Notify NYSDEC of
intent to mabilize ) October 1, 2007 October 1, 2007
Mobilize (subcontract
procuremant equipment 15 Qctober 1, 2007 October 15, 2007
rental efc.}
Fietd Effort 30 October 15, 2007 Movamber 15, 2007
Labaratory Analysis B0 November 15, 2007 January 15, 2008
Dafa Validation 30 January 15, 2008 February 15, 2008
Database Development 15 February 15, 2008 February 23, 2008
Report Praparation g February 29, 2008 May 3G, 2008
Submission of Draft
Characterization Repaort 0 May 30, 2008
to NYSDEC i
* Anticipated start date is dependent upon final Woerk Plan approval
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7.0 List of Commonly Used Acronyms

ANOVA Analysis of Yariance

ASTM American Society for Testing Materials
AVS Acid Yolatile Sulfide

BERA Baseling Ecological Risk Assessment
BTEX Benrzens, Toluene, Ethyibenzene, Xylenes
CopC Chemicals of Potential Concern

CSM Conceptual Site Mode!

cs0 Combinad Sewer Overfiow

DoC Dissolved Organic Carbon

Do Data Quality Objeciive

EgP Equifibrum Paritioning

ESG Equilibrium Sediment Guidelines

ERA Ecological Risk Assessment

FTL Field Team Leader

foc Fraction Organic Carbon

F5F Field Sampling Plan

GRS (3lcbal Posilioning System

HAGF Heaith and Safety Plan

HHAA, Human Heaith Risk Assessment

DWW Investigation-Derived Wasts

Na Mot Avalizble

MR Mot Recordad

NYSDEC Mew York Stats Deparment of Environmental Conservation
O5HA Cecupationsd Safety and Health Administration
-1 Operable Unit §

o2 Cperable Unit 2

PAH Polycychic Aromatic Hydrocarbons
FERCC Preciston, Accuracy, Representativeness, Compleleness, and Comparability
FET Persistent Bioaccumulative and Toxic
FCB Polychiorinated Biphenyl

PPE Persansl Proteciive Equipment

PCH. Practical Quaniitation Limits
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QA Cuality Assurance

QAPP Cluglity Assurance Project Plan

QARG Quaiity Assurance/Quality Control

Qc Quality Controt

RBP Rapid Bicassessment Pratocols

Ri Remedial investigation

SEM Simultaneousiy Extracted Matals

S0P Standard Operating Procsdure

8580 Site Satety Officer

SVOC Somi-velatile Organic Compalind

TAL Target Analyte List

TCL Target Compound List

TOC Totat Organic Carbon

TPH Total Petroleum Hydrocarbons

TU Toxic Units

(R tpper Confidence Limit

USEPA Linfted States Ervironmental Protection Agency
WG Volatile Crganic Constituenis

WDNA Wisconsin Department of Natural Besouwrges
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Ecological Risk Assessment Scope of Work
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1.0 Introduction

An ecological risk assesament (ERA) is being conducted as part of the investigation of the Hudson River
Operable Unit 2 (OU-2) Investigation of the BASF Corporation (BASF) facility in Rensselaer, New York
fFigure 1-1). The ERA provides an evaluation of the potential risks to ecological recepiors posed by chemicals
of potential concern (COPCs} suricial sedirnant at the Sita.

Thiz document presents the scope of work (i.e., the Work Plan) for the Baseline ERA {BERA) af the Site,
which wifl be conducted in accordance with redevant NY3SDEC guidance and reguiations, The recent Sile
investigation Rleport (ENSA, 2007) sumimarized the resulis of sediment investigation efforts conducted
hatween MNovermbar 2005 and May 2006 and contained & screening levet ecological risk assessment {SLERA)
basad on readily available site information and sampling data. In the screening level assessment, a
prefiminary conceptual site made! (CSM) was developed for the Site, preliminary data qualily oblectives
{DQ0s) wora patablishad, available data were screened against ecotoxicological benchmarks and standards,
and data gaps were identified. Since the resifts of the SLERA indicated that & conchusion of "ne significant
rizk” coudd not be reachad far henthic ecologicat recaptors potentially expused to sediment, the accompanying
Wark Plan has been developed fo outiine sampling and analysis data needs.

In accordance with current USEPA ahd NYSDEC guidance, the BERA will be used {o rafing the SLERA. The
proposed BERA assessment and measurement endpoints are more complex than those that were used in the
screening-level azsessment and require site-speciic data collection, rather than relying prirarily an Berature
values. The BERA will ba usad to help support risk managemeni decision-making. Tha BERA will he
conducted in accordance with relevant siate and federal guidance, inciuding the following:

»  NYSDECG Fish and Wiildlife impact Analysis for Inactive Hazardous Waste Siles {NYEDE{'-;, 1594);
*  Framewok for Ecological Risk Assessment (USEFA, 1892}
« Intermittent "ECO Update” Builetins of USEPA;

s Erologicat Risk Assessment! Guidange for Superfund: Process for Designing and Conducting
Eeoological Risk Assessments {interim Final) (USEPA, 1897); and

+ Guidelines for Ecological Risk Azzessment {USEPA, 19948},

In accordance with the EPA guidance and process documaents, the principal components of the plannad BERA,
will include:

v Problem Formulation: in this phase, the cbiectives of the ERA are defined, and a plan for
characterizing and analyzing risks is determined. Available information regarding stressors and
specific sites s integrated. Products generated through problam farmulation include assessment
endpoints and C5Ms.

« Risk Analysis: Buring the risk analysis phase of work, data are evaluated 1o characterize potential
ecological exposures and effects.

» Hisk Characterization: During rlsk charactarization, exposure and stressor response profiles ara
integrated through risk estimation. Rizk characterization aiso includes a summary of uncertainties,
atrengths, and weaknesses associated with the risk assessment,

Thase three companants are conceptually sequential. Howaver, the risk assessment process is freguently
iterative, and new information brought forth during the risk characierization phase, for instance, may lead e a
raview of the problem formulation phase, or additionz! data eollection and analysis. USEPA's Ecological Risk
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Aszsezsment Guidance for Supsrfund (USEPA, 1997 expands the primary components fisted above and
presenis an eighi-step process for assessmenis specific to Superund sites (Figure 1-2). The basic slements
of the eight-step Supsrfund process, as well as the accompanying scientific/imanagemsnt decision points
{SHEDPs) ara consigtent with the three-step framework. SMDPs require meetings between the risk assessors
and rigk managers at several points during the process to evaluate, redirect, and ulimately approve the rigk
assessment at a Superfund sits. 1t is emvisioned that SMDP mesgtings will be scheduled throughout the BERA
process at the Sita. '

1.1  Site Description
Additlonal detall regarding the site description, history, and past operations can be found in the Site
invaestigation Report (ENSR, 2007), a5 well as in Sections 1 and 2 of the accompanying work plan.

1.2 Document Organization
The remainder of this document is organized in the following manner.

= Section 2 presents additfonal detall regarding BERA problem formulation;

= Section 3 presents additionat detail regarding BERA risk anaiysis;

+ Section 4 presents additional detail regarding BERA risk characierization; and
s Section 5 presents the references cited.
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2.0 Problem Formulation

in the Site nvestigation Report (ENSR, 2007), prefiminary SOFCs wears identified. Table 2-1 prasanis a
summary of the ecolegical COPCs for the RIFFS at the Site, as determined in the Site Investigation Repaort.
These compounds, and others under consideration in the Human Health Risk Assessmert, will be the focus of
the sediment media sampling fo be conducted in 2007,

Figure 2-1 presents the sampiing iocations evaiuated in the Sie Investigation Report (ENSR, 2007). NYSDEC
sedimant screening criteria were exceeded in suricial sedimsnts through the entire Study Area
Concentrafions of inorganic compounds and volatile organic compounds (VOGs) in surficial sediment were
tighast in the muddy sand adjiacent to the Sie {Le., the Adjacent Nearshore reach), and metals from at least
some sampling kocations may be bioavailable to benthic receptors (based on the simultaneousty axtractable
metals (SEM) and acid volatile sulfide (AVS) analyses included in the Site Investigation). Metals
concentrations were also elevated above sereening oriteria in surficial sediments within the muddy sand of the
Uprer Mavigational Channet, immediately downriver of the Site. Screening criterta for some compaunds wers
alat exceaded in the Upstream and Adjacent Far Fisld reaches. The highest observed concentrations of
inorganic constituents ard VOCs weare in the Adiacent Nearshore reach in the deeper sediments, two ft or
maore below the sediment surface. Howevar, exposure to these sub-swficlal sediments Is not a complete
ecologicat exposure pathway for ecolopical recepiors as the sediments are situated well betow the bioactve
zone. Ajthough concentrations of compotnds in sediments exceed benghmark screening values, there is
currently no indication of any potential risk to the environment. Many of the highest concentrations of
compounds are located in sub-sudicial sediment, well below the presumed bioactive zone.

In addition, the prefiminary macroinveriebrate survey presented in the Site Investigation Report (ENSR, 2007)
indicates that there is a similar benthle macrainvertebrate community throughout the entire Study Area
{including the Upshrsam reach, cutside any Siterelated infiusnce). Athough several macroinvertebrate
sampiing siations were iocalad within the Adjacent Nearshore reach, immediately adjacent to the Site
bulkhead, no relationship betwesn proximity to the Site and a decrease I macroirvertebrate comemunity
fitness was obeerved. Likewise, no relationship between increased VOC and/or inorganic compound
concentrations and a decrease in macroinvertebrate community fitness was cbserved, Despite the presence of
inorganic and VOU concentraions in excess of screening criteria in surficial sediments, evaiuation of the
macroinveriehrate data indicates that there is currently no indication of any actual or imminent ecclogical risk
to the environment adiacent to the Site.

The data evaluation indicates that ecological COPCs in the surficial sediments in the Hudson River,
particularly in areas of the river immediately adiacant to and downstream of the Site, warrant additional
consideration in future sampiing efforts. The focus of the recommended sampling is on biciogicat data
colisction {i.e., toxicity testing, biota sampling, macroltwvertebrate survays) co-lacated with bulk sediment
analytical data and porewater sampling. These data will be used in the BERA fo further evaluate fhe potential
far risk of harm 10 ecological receptors due to exposure o ecological COPCs.

2.1 Definition of the Geographic Area to be Considered

Az described in Section t of the Work Plan, for the putposes of this BERA Work Plan {and consisterd with the
previcusiy issued Hudson River GU-2 Sile investigation Report (ENSR, 2007)), the data gathered from the
various historic sampling and analysis activities have been segregated into discrete groupings based an
proximity to the Site (Figure 2-1% Much of the remainder of 1his Work Plan discusses the historic data and the
data needs within the context of the following reaches of the river:
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Based on the results of the evaluation of ecological COPCs presented in the Site Investigation Report (EM3R,
2007), additional sampling is recommended o further evaiuate the measurement endpoints. it is
recommended that this sampling Include toxlcity testing. biota communily sampiing, and porewater sampling.
These additional sampling and evatuation activittes are described in the accompanying Wark Plan.

2.4 Conceptual Site Model

The end product of the problem formudation step is the development of an ecological CSM. The CSM helps to
describs the COPCs origin, fate, transpon, exposure pathways, and recaptors of concem. A detailed
description of the current Site C5M fraom the recently completed Site investigation Repo {ENSR, 2007) is
found i Section 2 of the accompanying VWork Flan.
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Table 2-2
Receptors and Exposure Pathways
BASF Corporation
Hudson River OU-2 Investigation
Rensszelaer, Mew York

Exposure Potantlal
Maditm Receplors Exposure Route Pathway Evaluation
Expasure of benthic macrainventsrates o COPCs
' Eentie \ - evaluated by comparizons ta benchmarks,
Sediments Masrolnvertebrsles Direct act macreinvertebrate community surveys, evaluation of metals

bicavailability, and faboratory toxichty testing.
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3.0 Risk Analysis

The rigk analysis phase of the BERA will e based on the CSM devaiopad In problem formulation. Risk
analysis includes the characierization of potential ecological exposure and affects. The esolagical exposurs
assessment invoives the idenfification of potential axposure pathways and an evaluation of the magnitude of
exposure of identifled acological receptors. The ecological effects assessment describes the polential adverse
effects associated with the identifled COPCs to ecologloal receptors and reflects the type of assessment
endpoinis selected (prasented in Table 2-3). The methods that will be used to identify and characterize
ecological exposure and effects for aquatic and benthic file are described in the following subsections.

An irtegral part of the BERA is to reduce the uncenainties identified in the SLERA presented in the Site
Investigation Report. The uncertainfies/data gaps idendifisd in the SLERA wilt be evaluated for each exposure
ares individually, as wefl as for the Site in general. The field activities outlined in the body of this Work Plan are
designed io allow the BERA to include:

« Estimates of potential risks fram the exposure 1o site-refated ecologleal COPCs;
s An evaluation of the potentlal bloavallability of divalent cationic metals and VOCs;
» An evaluation of the she-specific toxicly of sediment to laboratory test organisms; and

« An evajuation of the haalth of the macrcinvertabrate cotrmunily relative to the Upstream and Westem
Shorefine reaches of the Hudson River Siudy Area.

31  Selection of COPCs

CCOPCs for evaluation in the BERA ware selected on a site-specific basis, as outined above. Selection of
these constijuents included & variety of tocls, including:

» Comparisan of Site data fo NYSDEC screening vadues; and
» Background evaluation.

In general, compounds with concentrations in excess of background values and with a maximum
cancentration I axcess of an ecotoxicological screening value were refained as COPCs. Tahie 2-1 presents a
summary of the ecological COPCs.

3.2 Exposure Point Concentrations

Exposure point concantrations (EPCs) will be estimated within each sife medium for each COPC in order lo
evalugte the sefected ecological exposure pathways and receptors. Thase EFCs reprasent the range of media
concentrations that ecological receptors may encounter. When evaluating the results of the various biotogical
and toxicolagical sndpoints fe.g., the site-specific magroinveriebrale community surveys and [aboratory toxicly
testing data), the EPCs will be the actua! concentrations of COPCs detectsd in the environmental medium
evaluated.

All analytical data coflested In the 2005 to 2006 field effort and the proposed 2007 field effort will be compilad
and tabwizted in a database for siatistical analysis. The data for each areg and medium will be summarized for
use in the BERA screening and generation of strnmary statistics. The following guidanes documesnt will be
used io develop the surnmary statistics:
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A variety of empirical and theoretical approaches have besn adopted {0 address this concern, including the
eguilibrium pariitioning (EgF) approach used by USEPA in their Equiiibrium Sediment Guidelines (ESGs}
(USEPA, 2003) and by NYSDEC {1893} when establishing some of their sediment quality criteria. The EqP
approach, in essence, provides an estimate of pore water concentrations through refatively simpifstic estimates
of hulk sedimeni/pore waler portioning dynamics.

Hecent literature has also suggested that, while the EqP approach is cleatly valid, it can be refined through
direct measuramsnt of pore water and/or developing a better understanding of the types of arganic carbon and
their refative partitioning characteristics: much of this literature has focused on lampbiack, an amoerphous sooty
material commonly found in wrban Hver sediments that has the patential to tightly bind a variety of aromatic
hydrocarbons {e.g., see Stroo et &b, 2000). This literature has suggested that evaluation of pore water as a
primary measure of sediment quakity can provide valuable insight into sediment guality, fate and transpart, and
tisk evaluations. Atthough there are clearly some unceriainties associated with sampling, analysis, and
evaluation of pore water data, # is generally recognized that, for at least some organisms associated with
sediment, pore water is a primary exposure medium and that evaluation of pore water data can provide useful
ifarmation regarding ecological exposure and risk, Uinceriainties associated with evaluation of pore water
include the following, as summarized by Chapman et al., 2002: .. pore water is not the only exposure route;
pore water tests lack chemical or biological realism; their sensitivity relative {o other tesis may be meaningless
dus to maripulation and izboratory artifacts; many sediment and surface dwelling organtsms are not directly
influenced by pora water.” Mons-the-less, reviswers such as Chapman et al., (2002} and USEFPA {2003)
carclude that sampling and analysis of sediment pore water can be an effective means 1o evaluate sediment
guality as long as these uncertainfies are understood by risk managers.

in arder 1o betler understand the potential bicavaiability of organic compounds in sediment, pore water
samples will be collected from a sub-set of the surficial and sub-gurficial sediment samples. {As in the Site
Investigation {ENSH, 2007), concenirations of inorganic constituents in pare water will be estimated using EgP
theory, including SEM, AVS, and TOC data). The pore water sampling stations for the investigation are co-
located with surficial samples oblained for toxicologizal and biologica! investigations, thereby providing
addltionai insight info responses by benthic organisms exposed to COPGs. Pore water samples wili he
evaiuated for the organic constituents, as welt as for factors which may influence the concentration of these
consfituents in pore water {i.e., DOC and TOC).

3.3.2 Toxicily Testing

Laboratary toxicity tests with macroinvertebrates will be conducted at sampling locations co-located with bulk
sediment analytical sampling locations. At a minimum, YOUCs, ihorganic constituents, TOC, and grain size wil
be analyzed in each sample selected for taxticity testing. In addition to the above-descrlbed thearatical
measurements (i.e., the equilibrium pariitioning methods), these tests will also be used fo evaluate site-specific
bloavailability of chemical siressors at the Site,

The benchmark screening results of the SLERA indicated potantial risks to egological receptors through direct
EXposUre to sediment, primarily associated with exposure to metals and YOCs. To evaluate whether or not
direct exposures to sediments have the potential to catse toxicity to ecological receptors, chronic duration
laboratory toxicity lesis are planned. Al {oxicity tests will be conducted under specified Iaboratory condgitions
Lsing whols environmentat media only {8.9., no difution series toxicity testing iz plannad).

Tha bioavaitahility of chemicals is dependent on a number of factors, wivich are both sie-specific and medium-
specific. Although many of these factors can be sstimated using equilibrium partitioning technigues, i s
difficult io secount for all the physical and chemical praperties which could potentiafly affect bioavaiiability.
Labaoratory toxigity tests can be used to help estimate the potenfial advarse effacts of target chemicals an
ecological receptars. These tests can be used to demonstrate the reaction of selected organiams to the
combination of physical and chemical characteristics in an environmental medium,.
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2.0 Problem Formulation

In the Site Investigation Report {(ENSR, 2007}, prafiminary COPCs were identified, Table 2-1 presents a
summary of the ecological COPCs for the RIFS at the Site, as determined i the Site Invastigation Report.
These compounds, and others under consideration in the Human Health Risk Assessment, will be the focus of
the sediment media sampiing to be conducted I 2007,

Figure 2-1 presents the sampling locations evaluated in the Site Investigation Beport (ENSA, 2007). NYSDEC
sediment screening oriteria were exceedead in surficiatl sediments through the entire Study Area
Cancentrations of Incrganic compounds and volatile arganic compounds (VOGS) in surdicial sediment were
Hghest in the muddy sand adiacent 1o the Site (i.e., the Adjacent Nearshore reach), and metats from at least
some sampling focations may be bloavaifable o benthic recepiors {based on the simulianeously extraciable
matals (SEM) and acid volatiie suffide (AVS) analyses included in the Site Investigation). Metals
concentrafions were also elevated above screening criteria in surficial sedimenis within the muddy sand of the
Upper Navigational Channsl, immediately downriver of the Site. Screening criteria for some compounds were
afst axceated in the Upsiream and Adjacent Far Field reaches. Tha highest chservad concentrabions of
inorganic canstituents and YOCs were in the Adiacent Nearshore reach in the daeper sediments, two # ar
more below the sediment suface. However, exposure o these sul-surficial sediments is not a complete
ectlogicat exposura pathway for ecological receptors as the sediments are situated well badow the bioactive
zone. Although concentrations of compounds in sediments exceed banchmark screening valuas, there is
currently no indication of any potential risk to the ervironment. Many of the highest concentrations of
compounds are jocated in sub-surficial sediment, well betow the presumed bivactive zone.

i actditton, the prefiminary macroinvertebrate survey prasanted in the Site Investigation Repor (ENSR, 2007}
inciicates that there is a similar benthic macroinvertebrate cammunity firoughout the entire Study Area
fincluding the Upstream reach, outside any She-related influence). Although several magroinverichrate
sampling stations were located within the Adjacent Nearshors reach, immediately adjacent o the Site
buikhead, no retationship between proximily to the Sie and a decrease in macroinveriehrate commaunity
fitress was observed. LiKewise, no relationship batweaen icraased VOO andior inorganic cormpourd
concentrations and a decrease in macreinverebrate communily finess was observed. Despite the presenca of
inorganic and VOO concentrations in excess of screening criteria in surficial sediments, evaluation of the
macroinvertebrate data indicales that there is currently no indication of any actual or imminent ecologicat risk
ta the environment acdfacent to the Site.

The data evaluation indicates that ecological COPCs in the swrficial sedimerds in the Hudson River,
parficulsrly in areas of the river immadiately adjacent to and downstream of the Site, warrant additional
cansideration in fulure sampling efforts. The focus of the recommended sampiing s on biokegical data
coflection (i.e., toxicity testing, bicta sampling, macroinvertebrale surveys) co-located with buik sediment
anhalyvtlcal data and porewsadst sampling. Thesa data will be used in the BERA o further evaluate the potential
for rigk of harm to ecotogical receptors dus o expostre to ecological COFPCs.

21  Deflnition of the Geographic Area to be Consldered |

As deseribed in Section 1 of the Weark Plan, for the purposes of this BERA Waork Plan {and consistent with the
previously issued Hudson River GU-2 Site Investigation Report (ENSR, 2007)), the data gathersed from the
various historic sampling and anaiysis activities have been segregated into discrete groupings based on
proximity to the Site (Figure 2-1). Much of the remainder of this Work Plan discusses the histaric data and the
tiata neads within the cantext of the following reaches of the river:
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« The Upstream data set inciudes samples collected upstream of the influence of the Site (2., this data
st sarves ag the Referance Conditions data sef). it is assumed that the data from this reach of the
thvar sre uninfluenced hy Site condiions.

+ The Adjacant Nearshore data set includes samples located within a band of muddy sand
immediately adjzcant to and west of the She. This band of muddy sand extends from approximately
80 to 185 ft west of the Site bulkhead before transitlening to coarser-grained material (.e., the
Adjacent Far Figld}.

= The Adiacent Far Field data set includes samples collected in the more coarse-grained sediment
located 1o the west of the muddy sand samples in the Adjacent Nearshors sampling reach. The

Adjacent Far Field data set is within the same rdver reach as the Sie, bit may not be influenced by the
Site.

* The Upper Navigationat Channe] data set includes samples eoflected immadiately downstream of
the Site, in & deposttional enviranment that is co-located with what is undersiood to be the
northarnmast exdent of an area whers New York State has reportedly conducted periodic navigational
dredging to maintain depth for shipping purpcsas. It is recognized that the deepwater navigational
channg] of the river Gontinues north of the Site; however, navigafional dredging is not known 1o coour
beyond this point.

*  The Bownstream daiz set includes samplas collested downstream of the Adiacent Nearshore reach
of the river, approximately 1,800 feet downsiream from the southery Site outfall owned by the City of
Rensselaer. These samplas are also located within the dredged navigationat channet.

An additional river reach, identified as the Western Shoreline, has besn included in the proposed field
sampling and data gatheting activities. This data set inchisdes samples collected within the gravefty sand and
muddy sand along the western shoreline of the Hudsan River across from the Site. It is assumed that the data
fram this reach of the river represent anthropogenic whan background conditions.

2.2  Selection of Specific Receptors and Exposure Pathways

{n accordance with NYSDEC guidance, potentisl ecological receptors coourring at the Site and potentially
complete ecclogical exposure pathways wil be evaluated. Each expostre pathway includes a potential
gource of COPC, an environmernital medium, and a potential exposure route, In accordance with agency
guidance, incomplete routes of exposure will not be evaluated in the BERA. This approach is used to {ocus the
risk evaluation on gxposure pathways that are considered o be potentially complete and for which there are
adequale data pertaining to the receptors, exposurs, and toxicity for compietion of the risk analysis. Tahle 2-2
presents a summary of the receplors and exposure pathways 1o be evaluated in the BERA. '

2.3 Selection of Biological Endpoints to be Assessed

Hisk assessment endpoints to be aszessed at the Site include measurement and assessment endpoinis.
According to USEPA (USEPA, 1898}, assessment endpoints are formal expressions of the actuat
environmantal value to be protected. They usually describe potential adverse effects to iong-ferm parsistence,
abundance, or production of popuiations of key species or key habitats. Measurement endpoints are the
physical, chemical, or biciogical aspects of the ecological system that are measured to approximate or
represent assessment endpoints. Measurement sndpolnts are offen stressor-specific and are used to
evaiuate the assessment endpeoint with respect 1o polentizt ecological rsks. Since each measurement
endpoint has imrinsic and extrinsic strengths and fimitations, several maasuramearnt endpoints will be used to
svaluate each assessment andpoint. Tha measuremaen! and assessmert endpoints to be evaluated in the
BERA are presentad in Table 2-3.

LMt DOTET T TETRAReER A, dot 2-2 AbgUSt 2007




Eassd on the resulis of the evaluation of ecological COPGs presented in the Site investigation Report (ENSR,
2007), additional sampiing is recommended o further evaluate the measurement endpoints. Itis
recommendead that this sampling includs toxiclly testing, bicta communiy sampling, and porewater sampling.
These additionat sampling and evaluation activities are dascribed in the accompanying Work Pian.

2.4 Conceptual Site Model

The end product of the problem formulation step is the development of an ecological CEM. The C3M helps to
describe the COPCs origin, {ate, ransport, exposure pathways, and receptors of suncern, A delailed
description of the current Site GSM from the recently completed Site Investigation Report (ENSR, 2007 is
found in Section 2 of the accompanying Wark Plan.
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Table 2-1
Ecological COPCs - Sediment
BASF Corporatlon

Hudson River OU-2 Investlgation

Rensselaer, New York

LEAD

ZING
VOCs

norganies
ALLIBINEIM
ANTIMONY
ARSENIC
BARIUM
BERYLLUILIM
CADMILIM
CHROMILIM, TOTAL
COBALT |
COPPER
1RO, TOTAL

MANGANESE
MERCURY
MHOKEL
SELEMILIM
SILVER
THALLIUM
VARADIEN

1,1,1-TRIGHLOROETHAME {TGA)
1. 24-TRICHLOROBENZENE

1 2-DHCHLOROBENZENE

1 2-BHCHLOROETHANE

1 2-DICHLOROPROPANE
1,.3-DICHL CROBENZENE

1, 4-ENCHLOROBENIENE
2-BUTANONE (MEK)
S-METHYL-2-PERTAMNOMNE (MIBK)
ACETONE

BENZENE

CARBON DISLLFIDE
CHLOROBEMNZEME
CHLOROMETHANE
CYCLOHEXANE
ETHYLBENZENE
{S0PROPYLBEMZENE

M. P-XYLENES

METHYL ACETATE

METHYL TERT-BUTYL ETHER
METHYLCYLOHEXANE
METHYLEME CHLORIDE
C-XLENE

STYRENE
TETRACHLOROETHENE {PCE)
TOLUENE

TOTAL XYLENES
TRICHLOROETHYLENE
TRICHLOROFLUOROMETHANE

{1

RF

Retained as COPC due tor
[1} Lack of NYSDEC screeting value

[2] Exceadance of NYSDEC jow effect screening lovel

Calcium, magnesium, potassium, and sodium were considered sesential nutrients and were not retained as

COPCs,
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Table 2-2
Receptors and Exposure Pathways

BASF Corporation
Hudson River OU-2 thvestigation
Rensselaer, New York
Exposure Potential
Madlum Receptors Exposzure Rauta Pathway Evatuation
Exposure of benthic macroinvertsbrates to COPCs
Sediments Benthic Direct Contact evaivated by comparisons o benchmarks,

Macroinvertabrates

macraiverabrale community surveys, evakuation of metals
bioavaitzhility, and leboratory toxicity testing.
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Table 2-3
Measurement and Assessment Endpolnks
BASF Corporation
Hudson River OU-2 Investigation
Rensselasr, New York

Assessment Endpoint
Measuremeni Endpoint
Sustainability of a healthy and wefl-balanced benthic invertebrate commimnity In the Hudson River

In the vicinity of the Slte which Is typlcal of comparable upstream Hudson River habliais with
similar structure, morphclogy, and hydrology.

a} Characlerization of sediment metals bioavaifabilily Based on simultanecusly exiracted mefals
(SEMVacid volahle sulfides (AVS) relationships. SEM/AVS ratics greater than 1 in a sediment
sample will he considared an indicator of potential bioavaiability for divalernt cationic melals. The
influence of lotal organic carbon {TOC) will afse be considered.

b} Evaluation of pore water VOC dafa refafive to water qualify benchmarks. Evaluation of the
partitioning of VOUs into pore waler, and the presences of VOCs in pore wator in excess of waler
guality benchmarks wilf be considered indicative of a potential for ecological risk.

o} Comparison of bulk sedirment analyiical chemistry resulls fo sediment guality berchrmarks. She
data in excess of sedimert qualily benchmarks will be considered indicative of a potential for
ecolagical risks.

d) Bufk sediment invertebrale toxicily tests with insect species will be used to evaluale potential lethal
and sub-lethal effects associated with exposure fo Site sediment.

&) Field assessmen! of the Benthic macroinmveriebrate community present in the Hudson River Study
area. Varfous commmunity compasition, abundance, and diversity melrics will be used to svaluate
the poteniiaf risks associated with exposure fo sedimeant in situ.

CEMIWET PO TA0T T PET A ppendix Aoos 28 Bt 2047




3.0 Risk Analysis

The risk analysis phase of the BERA will be based on the CSM developad in probism formulation. Risk
analysis includes the characterization of potential ecological exposure and effects. The ecological expostire
assessment invoives the identification of potential exposure pathways and an evaluation of fhe magnitude of
exposure of identified ecological raceptars. The ecological effects assessment describes the potential adverse
effects associated with the identified COPCs to ecological receplors and raflacts the type of assessment
endpoints sslected {presented in Table 2-3). The methods that will be used fo identify and characterize
ecological exposure and effects for anuatic and benthic #e are deseribed in the following subsections,

An integral part of the BERA is 1o reduce the uncertairties identified in the SLERA presented in the Site
Investigation Report. The uncertainties/data gaps iderdified in the SLERA will be evaluated for each exposure
area individually, as wel as for the Sita in general. The field activifies outlined in tha body of this Work Plan &t
designad {o allow the BERA to include:

»  Estimates of potential risks from the exposure to site-related acological COPCs;
»  An evaluation of the potential binavaiability of divaient cationic metals and VOCs;

»  An evaluation of the site-specilic toxicily of sediment to jaboratory test organisms; and

» An evaluation of the health of the macroinvertebrate community relafive to the Upstream and Westem
Shoreline reaches of the Hudson River Study Area,

31 Selection of COPCs

COPCs for evaluatton In the BERA were selecied on a site-specific basis, as outlined above. Selection of
these constituents included 2 varety of tacls, including:

« Compatison of Site data to NYSDEC screening values; and
* Background evajuation,

In genarat, compounds with concentrations in excess of background valies and with a maximum
concentration in exeess of an ecotoxicological screaning value were ratained as COPCs. Table 241 presents a
summary of the esslogical COPCs.

3.2 Exposure Point Concentrations

Exposure point concentrations (EPCs) will be sstimated within each site medium for each COPC in order to
evaiuate the selected acological exposure pathways and receptors. These EPCs represent the range of media
concenfrations that ecological recepiors may encounter. When evaluating the resulls of the various biclogical
and ioxicological endpoints {e.g., the site-specific macroinvertebrate community surveys and laboratory toxiclty
testing data), the EPCs will be the actual concentrations of COPCs defected in the enwironmenial mediom
evaluatad.

All anatytical data coffected in the 2005 1o 2008 field effort and the proposed 2007 field effort will be compiled
and tabulated in a database for statistical anatysis. The data for each area and medium will be summarized tor
uze in the BERA soreening and gensration of summary statistics. The following guidance document will be
used to develop the summary statistics:
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» Risk Assessment Guidance for Superfund: Vollime | — Human Health Evatuation Manual, Part A
{USEPA, 1980},

The steps uzad to summarize the data by medium are as follows;

Treatment of Duplicates: Data for samples and their duplicates will be averaged before summary statistics
were calcuiated, such that & sampie and its duplicate were treated as one sample for calcutation of summary
siatisthes {incliding maximurm detection and freguency of detection).

Treaiment of Hon-Detects:

= Sumary statistics will not be calculated for constituants that were nat detected in a particular
area/medium.

=  Where constituents were detected in some samples and not in cthers in a paticular areafmedium, 14
the reported sample gquantitation dmit (SCL) will be used as a proxy concentration for the sampiss
raported as nondstect (USEPA, 1989).

= For all non-detects for which 3 the S0L is calculated, 14 the SOL will he compared to the maximum
detected concentration for that area and medium. Where ¥ the BGL is greater than the masimum
detected concentration in a particuiar areafmedium, the SOL vahie will not be used in the caloulation
of summary statistics for that constituent in that area and medium {LSEPA, 1989).

Frequency of Detectior:  The frequency of detection will be reporied as a ratio and & percentage based on
the total number of samples analyzed ang the number of sampiss reported a2 detected for a specific
constiiveni. The number of sampias used o caloulate statistics refiects the treatment of nen-detects described
above.

Maximum Betected Concentration: This fs the inaximumn detected concentration for each
constituent/areainadium combination, after duplicates have been averaged.

Average Concentration: This is the arithmefic mean concentration for each constituentfarea/medium
combination, after duplicates have been averaged and non-detects have besn evaluatad.

Figure 3-1 depicts the proposed sampling locations for the BERA program. These sampling locations were
salected to represent the spatial and chernical concentration variability present at the site.

3.3 Bioavailability of COPCs

The presence of COPLCs in environmental matrices (e.q., sediment or sutface water) at concentrations which
excesd benchmark screening values does nol necessarily constitute ecological risk. Far instance, certaln
COPCs may not be absorbed into an organism’s system foflowing ingestion, or may not be absorbed through
direct contact due to the chemical form of the COPCs. The bioavailability of certalr inorganic and organic
COPCs based on the chemicat makeup of the media and the particular CORPCs will be evaiuated. Several
specific fschniques, describsd below, will be used to evaluate the potential sie-specilic binavalability of
COPCs in the sediments.

3.3.1 interstitial Pore Water Analysis and Equilibrium Partitioning

USEPA {2001; 2003} and others have long recognized that the concentration of a number of organic and
inorganic constituants in sedimeant interstifial water (i.e., pore water) is a bettar estimate of the potential for
ecological risk than bulk sediment concentrations. Pore water (or interstitial water) can be defined as the
water occupying the spaces between sediment parficles (LISEPA, 2001).
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A variety of empirical and theoretical appreaches have been adopted to address this concern, including the
equifibrium partitioning {EgP} approach used by USEPA in their Equilibrium Sediment Guidelines (ESGs)
(USEPA, 2003} and by NYSDEC (1998} when establishing some of their sediment guality critertz. The EqP
approach, in essence, provides an estimale of pore water concentrations through relatively simpiistic estimates
of bulk sediment/pore water portioning dyramics,

Hecenl literatura has alse suggested that, while the EqP approach is clearly valid, it can be refined through
direct measurement of pore water andfor developing a better understanding of the types of arganic carbon and
their refative partitiontng characteristics; much of this literature has focussed on lampblack, an amorphous socty
material commonly found in urban river sediments that has the patential to tightly bind & variaty of aromatic
hydrocarbons {e.g., see Stroo of &t, 2000). This literature has suggested that evaluation of pore water az a
primary measure of sediment guality can provide valuable insight into sediment guality, fate and transport, and
risk evaluations. Although there are clearly some uncertainties associated with sampling, analysis, and
evaluation of pore water data, i is generally recognized that, for at least some organisms associated with
aadiment, pore water is & primary sxposure medium ang that evaluation of pore water data can provide useful
information regarding ecologicat exposure and risk. Unceriainties associated with evatuation of pore water
inciude the following, as summarized by Chapman ef al, 2002: " . . .pore water is not the only exposure route;
pore water tesis lack chemical or biofogleat reafiom; their sensitivity relafive to other tests may be meaningless
due o manipuistion and Isboratory artifacts; many sediment and surface dwelling organisms are not diractly
influenced by pors water.” None-the-less, reviewers such as Chapman et al,, (2002} and USEPA {2003}
concluds that sampling and analysis of sediment pore waler can be an effective means 1o evaiuate sediment
quality as long as these uncerainties are understoad by sk managers.

In order to better understand the polential bioavaliability of organic compounds in sediment, pare water
samples will be collected from a sub-set of fhe suricial and sub-sudicial sediment samples. {Az in the Site
Investigation {ENSR, 2007}, concentrations of inorganic constiluents in pore water will be estimated using EgP
theory, including SEM, AVS, and TOC data.). The pore water sampling stations for the investigation ara co-
tocated with surficial samples obtained for toxicological and biokogical investigations, thereby providing
additional insight irto responses by berthic organisms exposed to COPCs. Pore water samples will be
evaluated for the crganic constituents, as well as for factors which may influence the concentration of thess
consttiuents in pore water (e, DOGC and TOC)

3.3.2 Toxleity Testing

Lahoratory toxicity tests with macroinverisbrates will be conducted at sampling locations co-located with bulk
sediment analytical sampling locations. At a minimum, VOCs, incrganic constituents, TQOC, and grain size will
be analyzed in aach sample selected for toxicity testing. In addition to the above-described theoretical
rmeasurements (i.e.. the equilibrium pariitioning methods), these tests wifl also be used to evaluate site-specific
bivavailabilty of chemlca! stressors at the Site.

The benchmark screening resulls of the SLERA Indicated potential risks to esologicat receptors through direct
exposure o sadiment, primarily associated with exposure to metals and VOCs. To evaluate whether or not
direct exposures 10 sediments have the potential to cause toxdcity to ecological receptors, chronic duration
isboratory toxfcity tests are planned. Al toxicity tests will be conducted under specifled laboratory condiions
using whale environmentat media anly {e.g., no dilution seres toxicity testing is planned).

The bioavailability of chemicals is dependsnt on a number of factors, which are both site-specific and medium-
specific. Afthough many of these factors can be estimated using equilibrium partitioning technigues, it is
difficult to account for all the physical and chemical properfies which could potentially affect bicavailablity.
Laberatory toxicity tests can be used fo help sstimate the potential adverse effects of target chemicals on
ecological receptors. These tests can be used to demonstrate the reaction of selected organisms to the
combination of physical and chemical characteristics in an environmentat meadism.
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Although the resulls of toxicity tests can be usad fo evaluate patential effects that might occur to aguatic
racaptars in sifu, it iz important to recognize that:

+  Mobliz arganismas may ba able to avoid prolonged axposure to contaminatied media.

+«  Alhough the tests are designed to pradict adverse effects on biclegical communities based on chronic
exposuray, they are not mulli-gensration chronic tests, in that they do not consider popuiation effacts
by assessing potential effects over several generafions during the test perod.

a  Taxlcity to organisms in siit may be dependent upon physicatl charaotetistics and sguiiibrium
partitioning that are not replicated under laboratory conditions (LISEPA, 1823).

* The species used in toxicily testing programs are fypically chosen to be represantative and profective
of the organisms, which may be fournd an site, but the use of surrogele species cannoct prec;selyr
pradict the health of ecological communities on slte.

Chronic laboratory foxicity test sampling stations will be co-located with the sediment anahylical chemistny
stations, allowing for a detailad evaluation of the co-ocourring data in the ecological risk assessment.

The results of the laboratory toxicity tests will be compared o the results of bofh laboratary conbrol tests and
tests conducted with samples collected from the background stations. Standardized statistical tests, such as
analysis of variance (ANOVA} will be conducted to determing if significant differences in survival, growth, or
ather measured response are obsernvad. Samples of environmental media for ioxicity testing will be collacted
concurrently with samples for analylicad chemistry, tharsby aftowing for co-evaluation of chemical, physicat,
and toxicological stressars. Attempis will be made to relate the resulls of the texicity-testing program with
measured concenfrations of target chemicals to develop potential associations belween observed loxicity and
chemical concentrations.

Show term chronde sadiment toxicity tests will be conducted to assass the toxicity of sediments fo inveriebrate
organisms af the Site. The objective of the sediment toxicity tests will be to obtain laboratory data to evaltate
potential ecological risks to invertebrate receplors. Based on the resulis of the macroinveriebrate survey
evaluated in the Sits Investigation Report (ENSR, 2007), the midge { Chironomils tantans) has been selected
as the inverfebrate species for sediment toxicity testing. This species is more lkely than other possible tast
organisms (f.e., the amphipod Hyalella aztecs) to be found within the Hudsaon River Siudy Area. As described
in the accompanying Wark Plan, survival, growth, and emergence studies will be conductad to provide an
indication of the spatial disirbution of potentlal invertebrate toxicity.

3.3.3 Macroinvertebrate Community and Habitat Survey

To provide a direct assessment of the integrity of the benthic commaunily, a sits-specific macrolnvertebrate
community survey wil be conducted. The macroinveriebrate sampiing technique is designed afier a modified
version of the USEPA {1999} Rapid Bicassessment Protocols (ABPY and will incoporate sampling method
aspects from the LSEPA {20004} Eshuarine and Coasial Marine Waters: Bipassessment and Biocriteria
Technical Guidange, as well as NYSDEC guldancs {Bode et al., 1920; Bode, et al,, 2002),

The results of the macroinveriebrate communily survey program will provide a direct measure of the heaith of
the sie-spacific benthis invertabrate communify in suppon of the BERA. Objectves of this {ask include:

+ DPetermining the abundance of masroinveriabrates at locations associated with near-Site sediment
~and background sampling stations;
»  Aszsessing the levet of taxonomic diversify at selectsd She and background sampling locations: and

* Evaluating the macroinvertebrate community structure &t near-Site locations and at background
sampling stations.

CAmwd PP rjecslooTem THETEAppendx A doc 3-4 Rawgust 2007




Betails of the sampiing design and labaratory pracessing of the data are provided in the accompanying Waork
Pian.

3.4 Benthic Invertebrate Measurement Endpoints

This section prasents a general summary of the field and laboratory measurement endpoinis that will be
considerad in the risk analysis phase of work af the Site. These andpoints ware surmmarized in Table 2-3.

As describad above and presented in Table 2-3, several measurement endpoints will be used io evaluate the
assessment endpoints developed for benthic inverebrates. These andpoints focus on an analytical chemistry
and biclogicat sampling and analbysis program.  Analytical chemistry analyses, toxicity testing, and benthic
macrolnveriebrate sampling will be conducted concurrently, allowing for direct evaluation of relationships
between biclogical endpoints and chemical stressors in the BERA.

Sedimeni analytioat parameters will nclude metals, YOCs, SEM and AVS data, TOC, and grain size. SEM
and AVS data will be considered as described in Section 3.3.1. Sediment analytical chemistry analysis resufls
will be compared fo NYSDED benchmark screening values; alternafive screening values will be identified as
appropriate (e.q., in the abashce of NYSDEC scraening values for particular constituents).

To evaluate potential exposure to and effests from COPCs in sediment, an early fife stage insect species wil
ba exposad to Sie sediments in controfled laboratory toxicity fests, as describad in Saction 3 of the Work Plan.
Off-site background or reference stations will be located, sampled, and tested in order 1o contral for sita-
specific variables, such as grain size in sediment. '

The site-speciic magroinvertebrate community survey is proposed fo provide a direct assessment of the
irtegrity of the berthic community. Benthic macroinvertebrate sampling stations will be co-located with a sub-
get of the sediment analytical chemistry and laboratory toxiciy testing sampling stations, thereby aliowlng for
detailed evaluation of the co-occurting data in the BERA. The results of the macroinvertebrate community
survey program will provide a direct measure of the sustainability of the site-speciic banthic invertebrate
community in support of the ecelogical risk assessment.

Additional detadl regarding the sediment sampling and analysis program Is found in Section 3 of the
accompanying Wark Plan.
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4.0 Risk Characterization

The results of the environmental risk analysis will be analyzed and interpreted to determine the fkslinood of
adverse environmental effects, and o determine whether a conclusion of no significant risk can be reached for
each assessment endpoint evaluated. The ecologicsd risk charactarization will summarize the resulis of the
risk analysis phase of work and wilk provide interpretation of the scologicatly significant findings. Aspects of
ecologica] significance that will be considered fo help place the sites into a broader ecological contexdt includs
the nature and magnitude of effects. the spatial and temporal patierns of effects, and the potential for recovery
ance a stressor hias been removed.,

The BERA will integrate a variety of methodologies o assess poiential soological rieks, The conclusions
regarding averal rizk(s) to soological receptors will be based on a weight-of-gvidence approach, which will
consider the results of alt components of the assessment methodology (i.e., an approach that integrates
results of physical, biological, toxicological, and fiskd measurement endpoints to draw risk-bassd conclusions).
The weight-of-evidence componeants will be designed to provide measures of potential risks for different
ecologival receptors and exposura pathways.

individual measurernent endpoint resufts will be evaluated to determine whether or not they support a finding
of no significarnt fisk for each assessment endpoint. A useful too! for this sort of evaluation was developed by
Menzie at al. {1298). This publication recormmends the use of 14 qualitative criteria for weighting ERA
measurement endpoints. These criterla, which are summarized balow, can be grouped into three broad
categorfes and will ba considered in the risk characterization.

41  Strength of Association Between Assessment and Measurement Encdpoint

» "Biological relaticnship batwean the measurement and assessment endpoint refers to the
correlatiorfapplicability of the measurement endpoint with respect fo the assessment endpoint”

» "Corralation of stressor to response refates to the abifity of the endpoint to demonstrate effects from
exposure o the stressar, and the ability to carrelate the magnitude of the effect(s) with the degree of
exposure.”

s “Sanshivity of the maasurement endpoeint for detecting changes in the assessment endpaint means
the abiiity of the of the measurement endpaint fo detect changes in the assessmant sndpoint caused
by the stressor.”

«  "Utility of the measurs for judging environmental harm is the ability to judge results of the study against
well-accepted standards, eriteria, or objective measures”

4.2 Data Quality

» “Extent fo which data quality objectives are met refers to the degree 1o which data qualiy objectives
are designated that are comprehensive and rigorous, as well as to the extent that they are met.”

4.3 Study Design and Execution

+ “Sie specificiy refers to the repressntativeness of the data, media, species, environmenial conditions,
and habitat types that are used in the measurement endpoint relative to those present at the site”

» ‘“Temporal and spaiial representativeness are important factors in evaluating the appropriateness of
the study design”
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» “Use of a standard method refers to the extent to which the study follows specific protocols
recommended by a recagnized scientific authority for canducting the method correctiy”

»  "Sensitivity of the measurerment refers to the ability to detect a response in the measurement
endpoint”

« Quantitativeness relates to the degree to which numbers can be used o describe the magnitude of
{he response of the measursment endpoin fo the sressor”

Weighting factors {e.g., high, medium, low} esscciated with two of the three broad categories (sirength of
assoolation, study desion) will Be assigned fallowing project implemeantation. Data quality will be constdered
as & "passfail designation; if data quality for a particular measurement endpoint is inadequate, that
measurement endpeoint will not be considered in the weight-of-gvidence evaluation. A preliminary analysls of
these weighting factors relative to the specific endpoints at the Site is presented in Table 4-1. This analysis
will be updated as part of the BERA presantation,

The documentation of the risk characterization will include a summary of assumptions, uncertainties (both
generic and site-specific), strengths and weaknesses of the analysis phase of work, and justification of
conclusions regarding the ecclogical significance of the estimated {i.e., risk of harm) or actual {i.e., avidence of
harm} risks.

The estimation of ecclogical risks involves a number of assumptions, A primary component of any rsk
assessment is an eslimate or discussion of the uncertainty associated with these assumptions, The BERA for
the Site will inciude examination of uncertainty related to the site-specific risk evaluations, and an analysls of
the uncertainties which potentially affect all sites.

All discussions of unceriginty will inciude examinalion and review of several aspects of the ERA including, but
not limited to, sampling, data quality, study design, selection of indicater species, estenates of exposure, and
selection of scofogical benchmarks ang screening values, The BERA has been designad to supplement the
3LERA. The sampling scheme, ecological endpoints, and study design have been developed 1o fill data gaps
and refine the canclusions of the risk assessment, However, a number of assumptions will still be made. The
uncertainty section of the BERA will identify these assumptions and will relate them fo the potential sffects
these unceriainties may have on the overall conclusions of the ERA.

The majar sources of uncertainty in a risk assessment include the potential for errors in azsumptions,
analyaes, and in rmaking measurements. Anather source of uncertainty lies in the vardability inherent in the
componenis of the scosystem being evaiuated. A certain amount of uncertainty arising from the study design,
analyses, and measurements will be accounted for with the weight-of-evidence evaluation.

Although it is not practical to account for all sources of uncertainly, i is important o identily and address the
major elements of unceriainty in the risk evaluation and assessment. Some uncettainties bias the results of the
risk assessment towards excessive risk, whils others bias towards no significant risk. Once identifiad, the
uncertairdies will be classified by this bias, and the overall effects on the risk assessment will be reflected in
the conclusions,

The scolpgical risk characterization will summarize the rasults of the rsk analysis phase of work and will
provide interpretation of the ecologleal significance findings. The ecological risk characterization at the Site wil
rely on an approach that uses field daia, laboratory data, and theoretical methods 1o provide risk estimates to
ecological receptors (f.e., the BERA will provide estimates of potential ecological risks through a weight-of-
evidence spproach). Aspects of ecologica! significance that will be congidered to help place the Site intaa
broader ecological context include the nature and magnitude of effects, the spatial and lemporal patterns of
effacts, and the potential for recovery once a stressor has been removed.
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