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Executive Summary

Background

Oil and gas exploration, production, and transportation activities in Cook Inlet, Alaska have the
potentia for impacting marine resources. Though these operations are well-managed and are
regulated so as to minimize the input of pollutants to the marine environment, the longer-term
accumulation of pollutants in depositional areas on the sea floor is an area of concern when
contemplating future Outer Continental Shelf (OCS) leases.

After discharge, contaminants that are in a particulate form or which are sorbed to particles after
discharge are rapidly diluted due to a large combined water flow from tidal, current, and riverine
inputs of fresh and seawater. Though at low levels in the water column, a combination of
oceanographic and sediment transport processes pointed to the lower Cook Inlet (Kamishak and
Kachemak Bays) and Shelikof Strait as potentid areas for this longer-term deposition of these
sorbed  pollutants.

Estimation of current impact and prediction of future environmental risk and impacts were
complicated by the existence of multiple sources of similar pollutant assemblages to the region
beyond exploration and production (E&P) operations. Natura oil seepages were common in the
area and were known to represent an important part of the hydrocarbon assemblage in the
sedimentary environments of areas of the Gulf of Alaska Oil spillages, especially that from the
Exxon Valdez spill, were potential contributors, though no evidence of the impact of this spill, in
particular, was observed in the subtidal sediments of Cook Inlet or Shelikof Strait. Tremendous
quantities of suspended material were swept into the region from glacid runoff with associated
metals and hydrocarbons. Municipal discharges and other permitted industria (e.g., seafood
processing) discharges contributed important quantities of wastes over time to the immediate
coastal areas and presumably to the area's deeper depositional locations.

Study Rationale

Because of the need to definitively examine the distribution and environmental risk of
anthropogenic  chemicals (i.e, metals, petroleum hydrocarbons including polynuclear aromatic
hydrocarbons [PAHS]) in advance of any future oil and gas E&P activities that could potentially
dfect the lower Cook Inlet and Shelikof Strait, MMS contracted with Arthur D. Little, Inc.
(ADL) to undertake a two-year study in the region.

The objectives of the study were to:

Evauate the Shelikof Strait and outermost Cook Inlet as potential depositiona areas or
“traps’ for oil industry contaminants

Determine whether contaminant concentrations in sediments of these areas pose an
environmental risk

Determine whether contaminants in these areas have accumulaied relative to pre-industry
concentrations
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Determine whether any increases can be correlated with specific discharge events or
activities (eg.,, the BExxon Valdez al ill)
Determine the importance of other hydrocarbon and metad sources to the sediments

The study objectives were recast in a risk assessment-type framework (U.S. EPA;
EPA/630/R-95/002,  Draft Proposed Guidelines for Ecological Risk Assessment). In this
framework a formulation of the problem leads to a characterization of exposure and effects,
which in turn leads to a characterization of the risk. This program was structured to follow that
aoproach to mesting the godls.

In designing an invedtigation to meet these gods, ADL and its team members put forth severd
hypotheses for scientific testing. These hypotheses were:

Hypothesis 1. The offshore area of outermost Cook Inlet and Shelikof Strait is not a trap
for organic and metd pollutants (i.e, there is no indication of depogtion)

Hypothesis 2: Concentrations of organic and metd contaminants in sediment cores do not
show increases since before offshore oil exploration and production began in Cook Inlet
(circa 1963)

Hypothesis 3: Compositions of organics and metals in sediment cores do not show
changes in compostion snce before offshore oil exploration and production began in
Cook Inlet (circa 1963)

Hypothesis 4: Concentrations of organic and metd contaminants in outermost Cook Inlet
and Shdlikof Strait do not pose any environmental risk

The field program was designed to collect data to test these null hypotheses. Hypotheses are
dated as the null hypotheses since the null hypotheses were tested during the statistical anayses.

Field Program Design

The design of the data acquisition/field program for the two-year study focused on two facets.
The first was the deep subtidal bottom sediments of the region as the foca point of any
long-range contaminant deposition. The design was intended to obtain both chemicd (i.e,
exposure) and hiologicd (i.e, effects) data on surface sediments. It aso was directed at looking
a higtorica depostion in the study area through the use of dated sediment cores. The second
facet addressed the status of chemica body burdens in bottom-feeding fish and indicators of
sublethal effects. These “biomarker” measurements were made to address their exposure to
contaminants.

The fidd sampling design included:

Separation of the study area into four zones, each assumed to be relaively homogeneous
The sdection of a group of random sediment dtations in each zone from a large number of
candidate dations, each dtation representing a replicate of that zone

The sdection of fixed or biased stations a key locations from which we wanted to obtain
data

The sdection of a limited number of dations from each zone (including the fixed
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dations) from which to take replicates to examine within-dtation variability

The sdection of additiond sampling dtations in the Gulf of Alaska off the Kena
Peninsula to represent “upstream” source materia

The sdection of additiona gations south of Shelikof Strait to examine longer-range
transport

The fidd-truthing of the suitability of each station prior to sampling

The sampling of stations for surface sediments, selected locations for sediment coring;
and sdlected locations for obtaning fish samples

The sdection and sampling of potential contaminant sources -- oil seeps; river runoff;
cod seams, and oil and gas operaiona discharges

Analytical Design

The andyticd design centered on organic (i.e, petroleum-related) and metad parameters as
measured in sediment, sediment core, fish tissue, and source samples. The design consisted of
the following measurements:

Petroleum hydrocarbons (PHC), including PAHs of petroleum and other origins, and
deranedftriterpanes  (S/T) in sediments and PAHs in fish tissue

The use of detaled akylated PAHs and ST to eucidate source characteristics of source
samples and source identification in the fidd samples

Mgor and trace metals including glver, auminum, arsenic, barium, beryllium, cacium,
cadmium, chromium, copper, iron, mercury, potassum, manganese, magnesium, nickel,
lead, antimony, sdenium, tin, thalium, vanadium, and zinc in sediments

Acid voldile sulfide/smultaneoudy extracted metds (AVSSEM) in sediments (Year 1
onl

AIIy)metaIs except cacium, potassum, magnesum, and nicke in fish tissues

Amphipod toxicity tests in sediments

Reporter gene system (RGS) P450 measurements for sediment and fish tissue extracts
Cytochrome P450 (CYP1A) induction determinations on selected tissues

Dating of sediment cores by *'°lead and "*"cesium methods and analysis of core sections
for hydrocarbons and metals as in the surface sediments

Sediment profile imagery (SPI) of surface sediments (Year 1 only)

Findings

The analysis of the findings was used to perform tests of the study’s four hypotheses, using field
data from 1997 and 1998. The outcomes of this hypothesis testing are as follows:

Potential for contaminant deposition in the study area. In summary, in the context of the
null hypothesis, the surface sediments of outermost Cook Inlet and the Shelikof
Strait are traps for fmegrained sediment and are_potential traps for contaminants
from oil and gas production activities in upper Cook Inlet. However, based on
evauaions of the organic and inorganic data, no contaminaion in the surface sediments
from oil and gas production activities in upper Cook Inlet was identified. Elevated Hg
concentrations were identified in Kachemak Bay. However, the present-day Hg levels are
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comparable to vaues observed throughout the twentieth century, suggesting that the Hg
results are typica for the region.

Contaminant depositional changes over time. In summary, in the context of the null
hypothesis, the concentrations of metals and organics (i.e., PAHS) in sediments in
outermost Cook Inlet and Shelikof Strait have not increased significantly since
offshore oil exploration and production began in Cook Inlet (circa 1963).

Compostional changes over time. In the context of the null hypothesis, the composition
(sources]) of metals in the sediments of outermost Cook Inlet and Shelikof Strait do
not appear to have changed since offshore oil exploration and production began in
Cook Inlet (circa 1963). The compostion of hydrocarbons in sediment cores shows
subtle changes in outermost Cook Inlet over the past 25 to 50 years, but these
changes do not appear to be correlated with petroleum production activities or
spills.

The study of the magnitude of sediment depostion from the mgor rivers in the region
(e, SustnaKnik-Matanuska; Copper River) indicates that the Copper River accounts
for 10 to 20 percent of the tota sediment deposted in the study area.

Asessment  of risk. The two sampling seasons have provided a picture of contaminants
and potentially toxic trace substances in the environment a very low concentrations with
an dtendant low biologicd risk. Usng multiple measures of risk that were built into the
sudy design, we conclude that the concentrations of organics (i.e, PAHS) and metals
do not appear to pose any immediate ecological risk to the marine environment in
the study area.

The concentrations of trace metas are consstently below the risk levels identified by
Long and Morgan (1995), except for Ni, which has a crustal abundance higher than the
designated effects range-low (ERL) and effects range-medium (ERM) concentrations, and
Cu. Concentrations of Cu exceeded the ERL in a number of cases, but source sediment
from the Sustna River dong with Alaskan rocks, show that naturd levels of Cu are al
close to or above the ERL vaue.

The concentrations of PAH detected in sediments are dso below the ERL identified by
Long and Morgan (1990).

The P450 RGS results dso indicated low to negligible biologica risk associated with
extractable organic compounds, namely PAH, in the sediments. Sediment bioassays with
two species of amphipods indicate that sediment chemicads do not exhibit any significant
toxicity. Some low surviva rates appear to be relaed to testing sediments with high st
content rather than any trace chemicas in the sediments.

The levels and patterns of induction of CYP1A in cdls of bottom-dwelling fish (i.e,

Haibut and Pecific Cod) are congstent with some mild induction by contaminants, but
with weak induction in the gills they appear not to be waterborne, but rather from the diet.
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None of the measured contaminants in the fish tissues correlated with CYPLA induction,
but chlorinated hydrocarbons were not measured. Specificaly, the results on the
hepatocytes and the kidney cells are consistent with some low level of enzyme-inducing
compounds in the diet of these fish. There were no sgnificant correlaions between the
CYPIA scores and the locations (i.e., zones) of the fish.

In summary, using multiparameter measures t0 assess potentid exposure and potentia risk, the
comprehensve findings of this two-year invedtigation indicate that the current concentrations
of metals and PAHs in the Shelikof Strait and Outermost Cook Inlet are neither linked to
oil and gas development in the upper Cook Inlet, nor to the Exxon Valdez oil spill. The
residues that are present, from a combination of natural sources -- river inputs, oil
seepages, etc. -- pose no significant risk to the biota and the benthic environment of
outermost Cook Inlet and Shelikof Strait. The degree of current risk is indeed very low and is
gmilar to non-impacted coastd regions in Alaska and esewhere.
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1.0 Introduction

The Minerds Management Service (MMS) program “Sediment Qudity in Depogtiond Areas of
Shelikof Strait and Outermost Cook Inlet,” conssted of a two-year study whose hypotheses and
objectives are explored in this report. As part of this study, a scientific crew on board the
Research Vesd (R/V) Alpha Helix, collected samples for hiologicd, chemica, and toxicologica
anadyses from the program study area during two sampling surveys. The first survey was
conducted from July 7 to July 17, 1997 and the second undertaken the following year, from June
27 to July 5, 1998. In this report, the find results including the fiedld sampling and anaytica
methods are summarized, and the results and interpretation of the chemica, biologica, and
physicad measurements from both the 1997 and 1998 fidd surveys are presented.

11 Background

The purpose of this two-year study was to provide and update environmental information to
support future MMS oil- and gasleasing decisons in the outermost Cook Inlet/Shelikof — Strait
planning area. Such uses of this information include environmental risk assessments,
environmental impact dtatements, and other pre- and podt-lessing decison documents. This
dudy was initisted to establish basdline environmental conditions prior to any oil- and gas
leasng  activities. The results of the entire two-year field survey data are described in this report.

The literature on the study area has been reviewed and summarized as pat of this program
(Boehm et al., 1998) and an excerpt appears below.

111 Physical Setting

Cook Inlet is a large tidd estuary, 350 km long and ranging from 20 to 90 km wide. The average
water depth is gpproximately 60 m, varying from 100 m near the entrance to less than 20 m near
the head of the estuary (Arthur D. Little, 1995). It is bordered on the west and northwest by the
Alaska Range, on the northeast by the Talkeetna Mountains, and on the southeast by the Kena-
Chugach Mountains. Cook Inlet can be divided into three digtinct regions. the head, consisting
of Knik and Turnagain Arms, upper Cook Inlet, extending from the Forelands to Point

Woronzof; and lower Cook Inlet, from the Porelands to the Gulf of Alaska Outermost Cook
Inlet, as defined by the area encompassing both the Kachemak and Kamishak Bays, from Cape
Douglas to the Baren Idands in the Gulf of Alaska is the potentid depogtiond area on which
this study focused.

Shelikof Strait is a marine channe sStuated between the Kodiak Idand archipdago and the
Alaska Peninsula Shelikof Strait is gpproximately 200 km long and 50 km wide. A centrd
trough extending beyond both ends of Shelikof Strait characterizes the sea floor, which has a
gradualy southwest-doping central plaiform bordered by narrow margind channels. Currents
bring sediment into the northwest end of the drait from Cook Inlet, near Cape Douglas,
depositing a covering of well dratified sediment throughout the depostionad aress of the drait.
The complex oceanography and biology of the outermost Cook Inlet and Shelikof Strait are
described in detall in the literature study (Boehm et al., 1998) and summarized briefly below.
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1.1.2 Oceanography

Interactions of tides and geostrophic, baroclinic, and wind-induced currents with the topography
of outermost Cook Inlet and Shelikof Strait provide a complex hydrographic regime that
determines the didribution and eventua depostion of paticle-associaied contaminants released
from offshore production platforms in upper Cook Inlet (Hampton et al, 1987). Vigorous, tidd-
induced mixing results in strong initid dilution of contaminant inputs a their sources with
naturaly derived terrigenous materiads. The main sources of these natura sediments are severd
large, glacidly influenced rivers emptying into upper Cook Inlet, while, farther south and east in
the Inlet and in Shelikof Strait, the Copper River to the east of the study area is the predominant
source of suspended sediments. These suspended sediments are transported by the Kenai Current
(the Alaska Coastd Current [ACC]) dong the Kena Peninsula into lower Cook Inlet and
Kachemak Bay, as wdl as Shelikof Strait (Hampton, 1985).

The import of inshore flow to Cook Inlet-Shelikof Strait is through the Kennedy and Stevenson
Entrances, while offshore flow occurs through these passages as well as the lower end of

Shelikof Strait. With the dackening of prevaling winds during the summer months in the Gulf
of Alaska, the strong onshore convergence relaxes. As a consequence, cold, nutrient-rich water
is upwelled onto the shelf (Strickland and Sibley, 1984) and can be observed in the generd area
of the passages on either sde of the Barren Idands. This upwelled water supports high gross
biologicd productivity in the study area. A large, clockwise gyre develops in eastern Cook Inlet
offshore of Kachemak Bay, dthough net flow is to the southeast through outermost Cook Inlet.

In Shelikof Strait, net flow is aso srongly to the southeast; however, mesoscae eddies have aso
been documented in the surface waters in the northeast portion of Shelikof Strait (Schumacher et
al, 1993, Bogard e al, 1994). The man sediment depostion sites in the study aress are the
shdlows of Kamishak Bay (for sediments transported down the western side of Cook Inlet),
Kachemak Bay (with a srong component of Copper River sediments), and some deeper portions
of outermogt Cook Inlet and Shelikof Strait (Hampton et al, 1987). Other possble stes of
sediment deposition of plafform materias from upper Cook Inlet include glacier-incised scars in
the Kodigk shdf, the shelf dope, and shdlow bays on either sde of Shelikof Strait. However,
locd sources become increasingly important with distance from the upper Cook Inlet, and slls
limit the depths from which suspended materids may be imported.

1.1.3 Biology

The northern shelf of the Gulf of Alaska is extremely productive, and annua primary
productivity in outermost Cook Inlet is greater than 300 g C m? (Sambrotto and Lorenzen,
1987). The intruson of cold, nutrient-rich water brought by the ACC into outermost Cook Inlet
in late spring and summer, combined with long days, supports vigorous biologica activity in the
oceanic regime from phytoplankton growth through baleen whae foraging. The Cook
Inlet/Shelikof ~ Strait area contains a great variety of biologicd habitats. Shalow intertidd and
subtidd  areas are predominantly unconsolidated sediments containing mainly  polychaetes,
bivalves, crustaceans, and echinoderms (O'Clar and Zimmerman, 1987; Feder and Jewett, 1987).
These habitats aso support a rich variety of agae and epibenthic invertebrates, and are
frequented by nekton, pelagic fishes, nearshore demersd fishes (Rogers et al, 1986), a variety of
seabirds, and severd species of marine mammals. Rocky habitat is much less common in Cook
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Inlet and Shelikof Strait, dthough it predominates on Kodisk Idand. The rocky intertidal
habitats are dominated by barnacles, limpets, mussels, and snails, a rich variety of attached agee,
other invertebrates, and associated semidemersal fishes (O'Clar and Zimmerman, 1987). The
deeper neritic environments are dominated by typica pelagic and nektonic communities, and
overlay important benthic environments in the finer unconsolidated sediments, including those
expected to be depostiona aress for platfform-derived contaminants (Hampton et al., 1987).
Here the communities are aso dominated by polychaetes, crustaceans, echinoderms, and bivalves
with a variety of demersd, semidemersa, and associated pelagic fishes. The peculiarities of
sediment transport put the main depositiona areas for platform-derived contaminants in both
shdlow water embayments (eg., Kamishak Bay) and deeper open waters (deeper portions of
outermost Cook Inlet, bottom of Shelikof Strait, and shelf dope).

1.2 Objectives

Due to the need to definitively examine the didribution and environmenta risk of anthropogenic
chemicas (i.e, metas, petroleum hydrocarbons) in advance of any future oil and gas E&P
activities that could potentialy affect the lower Cook Inlet and Shelikof Strait, MMS established
a multi-disciplinary sediment quaity evauation progran for the region. The objectives of the
overdl MMS progran were to evauate

0 The Shdikof Strait and outermost Cook Inlet depostiona areas as trgps for oil-industry
contaminants.
0 Whether the contaminant concentrations in sediment of these areas pose an

environmental  risk.

. Whether contaminants in these areas have accumulaied relative to pre-industry
concentrations and to determine whether any increases can be correlated to specific
discharge events or activities (e.g., the Exxon Valdez sdill).

121 Null Hypotheses

Based on the objectives of the program, four null hypotheses were developed. These null
hypotheses were findized a technicad meetings held in May 1997 between the Arthur D. Little
team, MMS, industry and regulatory representatives (eg., UNOCAL, Alaska Department of Fish
and Game, and U.S. Environmental Protection Agency [EPA]), and other interested parties (eg.
Cook Inlet Regiond Citizens Advisory Council [CIRCAC)).

The hypotheses which form the scientific framework for the study are as follows.

. Hypothesis 1. The offshore area of outermost Cook Inlet and Shelikof Strait is not a
trgp for organic and metas pollutants (i.e, there is no indication of net depostion).
. Hypothesis 2: Concentrations of organic and metd contaminants in sediment cores do
not show increases since offshore oil exploration and production began in Cook Inlet
(circa 1963).
-3
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Hypothess 3: Compogtions of organics and metals in sediment cores do not show
changes in composition (i.e, cannot be correlated with known sources, such as the
Exxon Valdez oil spill resdues) since offshore oil exploration and production began in
Cook Inlet (circa 1963).

Hypothesis 4: Concentrations of organic and meta contaminants in outermost Cook
Inlet and Shelikof Strait do not pose an ecologica risk to marine organisms as defined
by sediment toxicology measurements (i.e, compared to reference sediments), sediment
quality criteria, and fish P-450 response.

The study design centered on the testing of these hypotheses. The first year's effort in 1997
focused on sediment quaity across the study area. Potentia uptake of contaminants by bottom-
dwelling fish and resulting indicators of exposure to contaminants were adso evauated by
andyzing fish collected from each zone. Based on these results, a number of recommendations
were made to enhance the following year's survey in 1998. These included additiona source
sampling, expanson of the fish species collected, sampling for hydrocarbon degrading microbes,
and extending the sampling region to investigate the potentid depostiond area to the south of

Shelikof  Strait. In this report, we evauate the specific objectives and hypotheses based on the
entire fidd survey data
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2.0 Methods

In this section, the methods used in fiedld sampling, field measurements, and laboratory analyses
ae described.

2.1 Field Methods and Study Design
21.1 Study Design

The program gudy area was identified as outermost Cook Inlet and Shelikof Strait of Alaska
The term “outermost Cook Inlet” has been used to avoid confusion with the lower Cook Inlet
samon didrict north of the study area. The study encompassed two separate field surveys, the
firs undertaken in 1997 and the second in 1998. For purposes of the scientific program, five
regions or zones within the study area were defined as indicated in Figure 2-l. The firg zone
(zone 0) was outermost Cook Inlet, including the region from Anchor Point across to
approximately Mt. Chinitna, and from the lower tip of Kena Peninsula to the Baren Idands and
aross to Cape Douglas. Zone 1 was defined as North Shelikof Strait, stretching from the Barren
Idands and Cape Douglas down to the mid-section of Afognek Idand (Cape Paramanof) and
across the Alaska Peninsula Zone 2 was defined as the mid-Shelikof Strait region, from the
mid-section of Afognak Idand (Cape Paramanof) to Halo Bay on the Alaska Peninsula, and
down to Uganik Bay on Kodigk Idand and Kama Bay on the Alaska Peninsula. Zone 3 was
defined as the south Shelikof Strait region, stretching down from zone 2 to the widening area of
the drait as indicated in Figure 2-. Findly, zone 4 was added during the 1998 survey and
extended to the south of zone 3, just southeast of Kodiak Idand.

Stations for sediment sampling were composed of random and fixed dtations. The locations of
the sampled random and fixed dtations are provided in Table 2-| and shown in Figure 2-l. In
zones 1,2, and 3 (Shelikof Strait), 15 random and 2 fixed dations were sampled in 1997, while 6
random and 2 fixed stations were sampled in each of these zones in 1998. In zone O (outermost
Cook Inlet), 8 fixed dtations were sampled during each of the 1997 and 1998 surveys. Only fixed
dations were selected from outermost Cook Inlet due to the limited area where potentia
depostiona  environments could be identified (i.e. mud or slt/clay bottom). Three fixed dations
were sampled in zone 4, exclusive to the 1998 survey.

Random dations were sdlected in zones 1,2, and 3 by establishing a 5-km grid within the 50
fathom depth contour of each zone. This grid resulted in more than 100 blocks fully contained in
each zone. Each block within a zone was sequentidly numbered. Random numbers were then
generated to identify the random dations within each zone. The firg 15 sations randomly
identified in each zone that contained slt/clay sediment, based on historica data, were
edablished as the primary random dations. The dtation location was positioned in the center of
the random block sdected. An additiond 10 dternate Sations in each zone were identified in the
same manner. The sdlection criteria for dternate stations were defined so that the next closest
dternate station was selected if sampling a any random or fixed station was unsuccessful (did
not contain glt/clay sediment). At each location, a grab sample was collected to determine if the
dation sediment was acceptable for sampling. A sediment sample was consdered acceptable if it
contained greater than 50 percent slt/clay (i.e, mud). The percent slt/clay was estimated by

2-1

Arthur D Little



visud observation of the sediments. If the sediment sample was not acceptable, repeat grabs
were atempted at the station, but no more than three attempts were performed. If after repeated
grab atempts the station was deemed unacceptable, the next closest dternate dtation was selected
from the ligt in the sampling and logistics plan (Arthur D. Little, 1997a).

Severd dternate stations were sampled during the course of the survey due to inappropriate
bottom substrate. In Table 2-1, the dternate dtations sampled and the rationadle for requiring an
dternate dtation sdlection are included. The two fixed dations in zones 1,2, and 3 were sdlected
in deep “holes’ that contained depostiona sediment. The three fixed dations in zone 4 were
sdected in deep areas where fine-grained depostional sediment was likely to occur.

The eght fixed dations in zone 0 were sdlected to obtain representative spatiad coverage within
the zone (eg., Kachemak Bay, Kamishak Bay, and Kennedy Entrance). The eght fixed dations
were sdected from aeas where historical grain-size data indicated depostiona sediments
occurred. In addition, four dternate fixed stations were identified in case depostiona sediment
could not be collected from any of the eight primary fixed dtations.

2.1.2 Field Sampling

The 1997 fidd survey was conducted aboard the R/V Alpha Helix, based out of the University of
Alaska, Seward Marine Center, Alaska. The cruise was conducted from July 7 to July 17,1997,
and coincided with the most favorable tida and current conditions in the program study area
The fidld team arrived in Seward, Alaska on July 6. Mobilizetion of the fidd team and the RV
Alpha Helix took place on July 7, and the RV Alpha Helix departed Seward on July 8, 1997.
Sediment and fish sampling was conducted from July 9 through July 16. The Alpha Helix
returned to Seward on July 17 for demobilization a the Seward Marine Center. Field sampling
personnd from Arthur D. Little, Inc. (ADL), the Florida Ingdtitute of Technology (FIT), Applied
Marine Sciences (AMS), EVS Environment Consultants (EVS), and MMS paticipated in the
survey. The scientific team and ship’'s crew conducted the work on a 24-hour-a-day shift
schedule,

The 1998 field survey was adso conducted aboard the R/V Alpha Helix, from June 27 to July 5,
1998. After arivd of the field team on June 25, the mobilization of the R/V Alpha Helix and the
field team occurred on June 26, followed by departure from Seward on June 27,1998. Sediment
and fish sampling was conducted from June 27 through July 5. The Alpha Helix returned to
Seward on July 5 (one day ahead of schedule) for demobilization a the Seward Marine Center.
Field sampling personne from ADL, FIT, AMS, and MMS participated in the survey, with the
scientific team and ship’s crew conducting the work on a 24-hour-a-day shift schedule.

The field sampling methods were conducted in accordance with the ADL Team's Standard
Operating Procedures (SOPs). The fidd sampling and logistics plan (Arthur D. Little, 1997a;
Arthur D. Little, 19983), prepared for the 1997 field survey, provides detaled explanaion of the
fidd methods used in sample collection, equipment decontamination, subsampling of fish tissues
and sediment cores, and sediment profile imaging (SPI) film development. In this section, we
summarize the methods for dation sdection, fiedd sampling, and source sample collection.
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Sediment samples were collected from 14 fixed dtations and 45 random dations, fish samples
were collected from 3 dations, and 12 source samples were collected from the Shehkof Strait and
outermost Cook Inlet region in 1997. During the 1998 survey, sediments were collected from 19
fixed dtations and 18 random dations, fish samples were collected from 3 locations, and an
additional 12 source samples were collected. All samples were andyzed for the appropriate
chemicd and physicad parameters. Figure 2-I shows the field survey station locations where
surface sediment, sediment core, and fish samples were taken. The samples collected are dso
liged in Table 2- 1, which summarizes the station locations and number and type of samples
collected a each location and the andyses performed. Additiona information is presented in the
fidd survey cruise reports (Arthur D. Little, 1997b; Arthur D. Little, 1998b). The sample
analysis results are discussed in Section 3.

The sequence of events a each sampling dtation followed specific procedures, described in detall
in the sampling and logistics plan (Arthur D. Little, 1997a; Arthur D. Little, 19983), including:

. Identify ation (latitude and longitude)
. Navigate to dtation postion within 0.2 nauticd mile (nm) radius of the grid location
. Review the acougtic bottom profile for likelihood of depostiona sediments
. Deploy sedbird conductivity, temperature, and depth (CTD) and collect CTD
measurements
Collect Van-Veen grab samples
Deploy SPI camera to photograph sediments on the ocean floor (1997 cruise only)
Deploy box core or gravity core, where gppropriate, and collect sediment cores

Equipment decontamination procedures were followed as described in the sampling and logigtics
plan (Arthur D. Little, 19978). Decontamination typicaly included a physica scrub, rinses with
seawater and didtilled water, and a rinse with ethanol or isopropanal.

Replicate samples were collected as part of the field sampling design. At severa locations,
sediment samples were taken in triplicate, and a other locations as seven replicates (eg., seven
sample jars for one location). Reproducibility and range of results were demondtrated by andyss
of replicate samples.

2.1.2.1 Conductivity, Temperature, and Depth Measurements

At each dation, the seabird CTD was deployed to collect data on CTD. These data were
downloaded by a data logger to a computer sysem where they were andyzed, graphically
displayed, and stored eectronicaly. The CTD data were recorded in hard copy and digital
format on board the Alpha Helix.

For most dtations, the CTD was deployed to a depth of 2 m above the ocean floor. However, the
depth required for the CTD measurements was redefined due to the extended wire time involved
for deployments a deep dtations in zones 2, 3,and 4. A maximum CTD depth of 200 m was
determined to be acceptable at deep sations. As a result, CTD measurements were collected to a
depth of 200 m (or bottom, whichever was shalower) during the R/V Alpha Helix cruises.

The CTD data collected will be submitted to the Nationd Oceanographic Data Center (NODC)
in electronic format. It was not in the scope of work under this program to anayze the collected
CID data, therefore, no discussons nor interpretation of data are included in this report.
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2.1.2.2 Sediment Sampling

Sediment sampling included the collection of surface sediments and sediment cores. During the
collection and handling of sediment samples from the grab sampler, box core, and gravity core,
extreme care was taken throughout the subsampling process to avoid contact with metas and
hydrocarbon  sources. Samples were taken away from the meta sides of the box core and no
metal spatulas were used for the trace metal samples. The grab sampler, box core, and gravity
core were protected from stack smoke, grease drips from winches and wire, and other potentia
arborne contaminants during the sampling process.

Surface Sediments. The modified VanVeen grab sampler (0.1 m?), congtructed of stainless sted
and Kynar coated, was the primary equipment used for surface sediment sample (0 to 2 ¢cm
depth) collection a al dations except where sediment cores were collected. For sediment cores,
a box core was used in addition to the Van-Veen grab sampler. The grab sampler was designed
to be deployed from a vessd equipped with a power winch and A-frame or boom system and to
collect undisturbed surface sediment samples to a maximum depth of approximately 15 cm. The
operation of the grab sampler for collection of a bulk sediment sample (SOP ADL-1018) and the
collection and handling of subtida sediment chemistry samples from the Van-Veen grab sampler
(SOP ADL-1019) ae summarized below.

The grab sampler required some modifications (a shock cord dampener and adjustable dtainless-
ded feet) to successfully collect samples a deep dtations in the heavy seas encountered during
the survey. In addition, the order of gear deployment was modified a some stations due to
limitations in the crane wire length (i.e, the grab sampler and CTD were deployed consecutively
from the hydrowire winch a many stations).

When the grab was returned to the deck of the vessd, the sample was visudly inspected to ensure
the bucket was closed and the scissors extended upright. The doors were opened and the sample
was visudly inspected for sediment and overlying water in the bucket. Overlying water indicates
that the sediment sample is undisturbed and that surface sediments remain intact (i.e, there was
no leskage of water and hence fine sediment from the grab). If the grab was successful, samples
were collected; if not, the gray’s contents were discarded and the grab was redeployed.

Subsamples were removed from the grab sampler through the hinged doors on the top of the
bucket. Overlying water was removed from the grab by sphoning through a precleaned Teflon@
tube using a sphon bulb, or by carefully cracking the grab jaws to dlow the water to flow out
without disturbing the sediments. If used, the Teflon@ tube was decontaminated prior to use and
dored in precleaned duminum foil.

Sediment samples were collected from the top 2 cm of the grab, which represents recent
accumulation. Unconsolidated sediment 2 cm deep was removed from the grab with an
auminum, Kynar-coated scoop. The 2 cm-deep scoop facilitated accurate depth collection of the
sediment. The top 2 cm were collected by several scoops up to the volume needed for
subsamples and placed directly in agppropriate sample containers for organics, metals, total
organic carbon (TOC), and gran-9ze andyses. At dations where toxicity samples were needed,
3 to 6 grabs were necessary to obtain enough sediment volume for toxicity subsamples. Toxicity
sediments from multiple grabs were cornposited in a Kynar-coated bowl. When the appropriate
volume was reached, the sample was homogenized in the bowl and then transferred into
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appropriate precleaned containers. All sampling equipment was decontaminaied before use as
outlined in the field sampling and logigtics plan (Arthur D. Little, 19978). Specific subsamples
were collected from each grab into their individua container and stored in the freezer or the
refrigerator  (toxicity samples), as appropriate.

Trace metal samples were removed from the grab sampler with a Teflon' spatula, placed into
labeled 48 mL pladtic vids, and refrigerated. Samples to be used for grain-size andysis were
doubled-wrapped in labeled Ziploc® storage bags and refrigerated.

Sediments for acid-volatile sulfide and Smultaneoudy extracted metds (AVSSEM) were
collected, exclusively during the 1997 sampling event, from the top 2 to 3 cm of the grab sampler
usng a 50 mL plagtic syringe with the lower end cut off such that the barrel was completely
open. The syringe was carefully pushed laterdly into the sediment as the plunger was pulled
back. When the syringe was full, the outer plastic of the syringe was carefully wiped clean and
the open end was covered with Parafilm®, Syringes were placed in labeled plagtic bags and
frozen.

Sediments were collected for hydrocarbon degrading microorganisms (1998 field survey only).
A top 2 cm sediment subsample from the grab was collected in a pre-cleaned pladtic jar and
stored refrigerated. A totd of 40 samples for hydrocarbon degrading organisms were collected in
1998 and shipped on ice to the Universty of Alaska, Farbanks for andyss.

After the desired subsamples were removed, an open basin was placed beneath the grab on the
grab stand. The grab jaws were then opened by releasing tenson on the lifting wire and
collapsing the scissor mechanism. Any remaining sediment that fell into the basn was
discarded. The grab was rinsed with clean seawater from the deck hose and decontaminated with
didtilled water and ethanol/isopropanol  rinses prior to deployment a a new dation.

Sediment Cores. After grab samples, CTD measurements, and SPI (1997 cruise only) were
collected, an MK Il box core was used to collect sediment cores at stations where geochronology
cores were specified. In addition, two gravity cores were collected from the 1997 cruise (Table
2-1) and archived frozen for possble future anaysis. One gravity core was collected from the
1998 cruise and andyzed to obtain a deep sediment profile,

The box coring device was deployed by a remotely operated winch system to the ocean floor.
Prior to deployment, the box coring device was decontaminated according to procedures in the
fidd sampling and logidics plan (Arthur D. Little, 1997a).

After retrievd of the box core, the overlying water was Siphoned off as quickly as possble
without disturbing the surface sediment layer. The inner box containing the sediment was moved
into a covered deck area to further reduce contamination. Sediment cores were collected by
caefully pushing four premeasured, 40 cm lengths of cellulose-acetate-butyrate (CAB) tubing
down into the box core. Then, one person reached into the sediment and, placing one hand over
the lower end of the CAB tubing, pulled the core out from the sampler. Both ends of the core
were capped and taped. The cores were labeled and stored upright in a refrigerator until
subsectioning was carried out within 24 to 48 hours. The CAB tubing had been precleaned with
detergent and water, then rinsed with digtilled water.
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Sediment cores were subsectioned aboard ship. Cores to be used for analysis of trace metals,
organic substances, and gram Size were subsectioned into 2 cm intervals over the top 10 cm (5
samples) of the core and a 5 sdlectively spaced 2 cm intervals over the remainder of the core to
obtain 10 samples. Subsections were obtained by placing the core upright in a fixed holder and
dowly moving a polyvinyl chloride (PVC) piston up from the bottom of the core to extrude the
sediment. Using a ruler, a 2 cm section of sediment was carefully extruded. Then the outer layer
of sediment (2 to 3 mm) in contact with the CAB tubing was removed to minimize potentia
contamination from the core liner or from any smearing during sample collection and/or
extruson. Usng a dainlesssted spatula, the extruded sediment was transferred to a clean glass
ja and homogenized. After homogenization, about 10 g of sediment (wet weight) for andyss of
metals and TOC were transferred to a labeled 48 mL plagtic vid and stored in a refrigerator.
Sediment in the glass jar was stored frozen to preserve organic substances. Sediment samples
obtained from the core were set asde for grain-size anayss by placing them in labeled plastic
bags and storing them in a refrigerator. During 1997, whole cores for gram- size anayss were
returned to the Maxine and Environmenta Chemistry Laboratories a FIT and transferred to the
Marine Geology Laboratory a FT. In the Marine Geology Laboratory, the cores were
subsectioned following the same sampling criteria outlined for obtaining samples for trace metas
and organic substances.

The third core from each sSte aso was subsectioned aboard ship for determination of sediment
accumulation rates. For this core, the top 10 cm were subsectioned into 0.5 cm sections and 1
cm intervals were taken throughout the remainder of the core. Using a ruler, a 0.5 cm or 1 cm
layer was carefully extruded and the sediment in contact with the CAB tubing was removed to
avoid smearing recent sediment with older sediment during sampling and extruson of the core.
Sampling over 0.5 cm sediment intervals over the top 10 cm was carried out to ensure that the
BCs record, dating back only to 1950, was observed. For example, if the sediment accumulation
rate was 0.2 cmly, then the complete *'Cs record would be found within the top 9.5 cm unless
extensve in stu mixing had occurred. Sediment from each interval was placed into a labeled 48
mL plagtic vid and refrigerated. The fourth core from each site was archived a Arthur D. Little.

Surface sediments and core samples were shipped to the Arthur D. Little and the Marine and
Environmental Chemistry Laboratories a FIT in coolers packed with blue ice and custody sheets.
Upon receipt, each sample was logged and the samples were transferred to a refrigerator (trace
metds, age dating) or a freezer (organics, AVSSEM). Samples collected for gran-size andysis
were trandferred to the Marine Geology Laboratory a FIT.

2.1.2.3 Sediment Toxicity Sample Collection

The methods used to obtain sediments for toxicity evauation are described in this section.
Detalls of the location and compostion of samples are reported in their respective cruise reports
(Arthur D. Little, 1997b; Arthur D. Little, 1998h).

Sediments were collected with the Van-Veen grab and/or the MK 11l box core. Multiple grabs
were often required to obtain sufficient sample quantities for al measured parameters. When
this was the case, diquots of sediments were held in a Kynar-coated stainless-steel bowl.
Between grabs, the bowl was covered with clean duminum foil and held in the dry laboratory.
Once aufficient quantities of sediment were obtained, the sample was well mixed and aiquoted
into labeled 2 L, widemouth (factory-cleaned) polyethylene jars. The samples were held in a
4°C refrigerator while on board the vessd, then shipped to the andytica |aboratory (Pecific Eco-
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Risk Laboratory [PERL]). The sediments for toxicity testing were not frozen when stored and
shipped. Chain-of-custody forms accompanied the samples.

2.1.2.4 Sediment Profile Imaging

The purpose of the SPI survey was to delineate sediment type, provide information on patterns of
sediment deposition and eroson, and describe biological community characterigtics in the region.
During the 1997 cruise on the RV Alpha Hdix, 57 dtations were sampled by SPI. The SPI

survey was not repeated on the 1998 cruise. The sediment profile images were taken by the EVS
field crew according to the procedures described below. The complete SPI report was issued by
Arthur D. Little as a separate stand-alone document in