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ABSTRACT

Ol exploration and production activities in offshore waters of the Al askan
Beaufort Sea have been increasing in recent years. A research program designed to
i npl ement an environmental monitoring program and to detect and quantify long-term
changes in the concentrations of metals and hydrocarbons sourced i n exploration and
production discharges, was begun in 1984,

The first year of the study focused on establishing a series of benthic Stations
at which surface sediment (O1 ¢ m) and bivalve m olluses Wwere sa mpled using a m odified
grab sa mpier designed to obtain an undisturbed sedinent sa mpie. Twenty-seven stations
were occupied at which eight replicate sedinent sa m pies were collected. A sanpling
strategy consisting of co m bination of randomy placed stations, stations chosen to
exam ne of fshore gradients, gradients away fro ma major exploration/production activity,
and stations chosen to reoccupy stations previously in other prograns was enployed. The
col l ection success of bivalves was |imted due to the sparsity of ani mals, but sa m pies of
sufficient bio ma= for che mital. analyses were obtained at three stations.

The analysis of metalconstituents (Ba, C, V, Pb, Cu, Zn, Cd) in sediments by
a variety of anal ytical techniques revesled a wide range of concentrations. How ever,
hi ghest concentrations were associated with fine grained sedinents and were |ocated
near discharges to major rivers. The within-station variability y of metals in sedi ments was
examned at each station and the mninmum detectable change at each station determned.
Similarly, hydrocarbon concentrations w ere deter mined on replicates at each station.
Detailed hydrocarbon determnations of individual saturated hydrocarbons (by G C /FID )
and polynuclear aromatic hydrocarbons (P A H (by G C M) were performed on replicates
at seven stations and on co m posite Sa mpies fro mthe remaining stations. Concentrations
of hydrocarbons al so covaried with the quantity of fine sedinment (i.e., sit plus clay) and
were related to the proxim ity of the station to river discharges. The detailed PA H
co mpositions revealed that sediments at all stations contained significant quantities of
fossl hydrocarbons. How ever, this co mposition did not result fro m exploration/production
di scharges, but probably was related to the nature of sedinment source material which
contains organic-rich peat, and possible s maller quantities of coal particles fro mriver
drai nage. No evidence for inputs fro many oil and gas exploration activities were
detected in any sediment or bivalve sa mpies.

Based on the Year 1 results, a statistically valid nethod for nonitoring
incremental additions of metals and hydrocarbons to the benthic environnent has been
established and the noat useful chem cal paraneters, to ascertain these changes,
devel oped.  Suggestions for inplementation of the Year 2 program are presented in this
report as w en.



1. IRTRODUCTION

1.1 Study Franmework

Al'though the north slope of A aska has been a significant oil producing region
for several years, offshore exploration in state waters only began about five years ago
and, at present, is gro wing steadily in federal j}gasing areas. The Qut er C ontinental Shelf
(0 cs) Lands Act Amendm ents of 1 978 charge the Depart ment of the Interior, Minerals
Manage ment Service (M MS) to monitor the marine environnent with the purpose of
identifying changes in the quality of the environment and to identify the causes of such
changes.

) The unique physical and biological environ ment of the Alaskan Beaufort Sea
mekes exploration for, and develop ment and production of offshore oil. and gas resources
extrenely difficult and hazardous. In addition, it raises serious questions about the
environ nental fate and effects of intentional or accidental discharges and activities, and
the applicability of results of studies in other U.S. OCS regions for predicting inpacts in
t he Beaufort Sea. A scientific appraisal of the feasibility of conducting a m onitoring
program in the Beaufort Sea to measure changes in environnental quality attributable to
oil and gas exploration and production activities, and the fra me work for the design of such
a programwas discussed at a workshop held in Alyeska, Al aska on Septenber 27-29, 1983.
The M M5 and National Cceanic and Atnospheric Ad ministration (NOAA) sponsored
wor kshop resulted in a document (Danes and Moore, 1984) which reco m mended the
i'm ple mentation of an initial phase of the Beaufort Sea Monitoring Program (BS M P), to be
based on determ ning whether changes in key toxic and source-diagnostic chem cal
concentrations were detectable in the region. This consensus reco m mendation formed the
basis of the study design framework and the study results presented in this report.

1.2 Study bjectives and Technical Approach

The objectives of the BS MP were to establish and inplenment a nonitoring
program over an initial three-year period:

o To detect and quantify long-term change in the concentrations
of trace netals and hydrocarbons that mght:

1. result fro mdischarges of O C S oil. and gas exploration and
production activities;

2. adversely affect, or suggest other adverse effects on
hum ans or those parts of their environment by which they
judge quality; and

3* influence Federal O C S regulatory management decisions.

« To determne the probable cause(s) of such change(s).

Over the three-year period of this initial phase of the BS M P, the
technical approach consists of:

. Col I ecting the necessary bottom sediment and benthic bivalve
Speci es.

. Performng the appropriate |aboratory analyses for trace
netal, hydrocarbon and auxiliary parameters.

. Performng the appropriate statistical analyses to test the

followng null hypotheses for evaluating effects of O C S oil and
gas devel op m ent-related perturbations:

1



H, 1. There will be no change in sediment concentrations
of selected netals or hydrocarbons.

H o2: Changes in concentrations of selected m eta% or
hydrocarbons in sediments are not related to oil and gas

develop ment activity.

H o,3: There will be no change in concentrations of
sel ected nmetals or hydrocarbons in selected sentinel

or gani sms.

H ol: Changes in concentrations of selected netals or
hydrocarbons in selected sentinel organisns are not
related to O CS oil and gas devel opment activity.

0  C ollecting concurrent, |ocalized physical and water quality
data to aid in the evaluation and interpretation of the data

col | ected

« Evaluating the efficacy of the monitoring design based on each
year's results and to reco mnend refinenents as needed

o Evaluating the need for the addition or deletion of elenments
to this core chemcal program at the end of the three-year
study and to make such reco m m endations to M MS

As in all monitoring prograns, the first year of the study was devoted to
establishing of a monitoring design including the selection of sanpling stations, sampling
net hods, analytical targets and associated methods, and interpretive tools. Thus, w bile
the above study objectives and technical approaches were operative, our additiona
objectives for Year 1 of the study were to:

o Establish a sanpling design to be m odified as needed based on
an assessnent of sanpling success and other |ogistical factors.

« Asses the variability in the measurement of analytica
parameters resulting fro m conbined sanpling variability

(small scale heterogeneity) and anal ytical variability.

. Deter mne what degree of change can be validly statistically
deter mned for the contam nants of interest, given such
variability and given realities of financial constraints

. Fro mthe variety of analytical neasurenents and their
variability y, establish a blend of effective nonitoring
paraneters to be focused on during subsequent hypothesis
testing to begin in Year 2 of the study.

In order to acconplish both the Year 1 and longer term objectives, a study
design (described in the next section) was initially adopted

1.3 Design Rational e

Gtiding the design of the field sanpling, analytical and interpretive segnents
of the programwas the overall objective of the study: to detect changes due to O CS
activities over tim e. Thus, the placement of stations, the sanpling replication scheng,



the anal ytical targets chosen and the variability analysis of measured paraneters,
together with eventual testing of statistical hypotheses, were geared to a monitoring
philosophy. During the first year of the program the nonitoring design was established
without a fir m knowl edge of key factors such as: 1) the environnental. variability in
selected analytical paraneters, 2) the best choice of analytical targets and/or parameter
ratios, and 3)inthe case of benthic bival ve m olluses, the availability of animals at
selected station locations. The program began with the expectation that the initial
sa mpling and anal ytical design would nost |ikely be refined as actual data were anal yzed.
However, prior to the acquisition of data, it was decided to establish a design which,
based on Oc¢s activity, would maximze the ability to detect actual chem cal
perturbations due to an on-going activity.

The historical data base was generated during the md- 1970 s under
N O AWM M funding as part of an environmental baseline or reconnai ssance philosophy,
and it was clear that while existing data mght ad in station selection, these data would
not shed nmuch light on environnental variability due to the lack of replicate analyses in
those previous prograns.

The choi ce of sanple types, bottom sediment and benthic bival ve m clluses
stem med from the design workshop conclusions (Danes and More, 1984). Bottom
sediments were chosen since they represent a natural accumulator or sink of particulate
pol lutants. Bivalves were selected because of their established utility (National Acadeny
of Sciences, 1983) as environnental sentinels. In this capacity, bivalves process |arge
anmounts of seawater during nornal feeding activity and accunul ate water-borne
pollutants fro mdilute solutions. Thus, bivalves represent a surrogate Seawater sanple
reflecting a time-integrated exposure regine (the direct analysis of seawater itself being
i Il-advised in a monitoring programdue to large variability and generally 10 w anbient
levels requiring a very large volume sanple to be processed).

1.3.1 sanpling Rational e

In addition to the inportant mechanics of the actual sa m pling activity, several
maj or considerations entered into the design of the sanpling program and will be
discussed in Section 2.2 of this report. Those considerations focused on the selection of
sampling stations and the specification of a replication schene.

Present levels of OC S oil and gas exploration and production activities, and oil
conpany interest in future exploration sites were considered very inportant in the design
of the program This activity and interest was factored into the design through the areal
relative risk assessment proposed by the Dames and More (1984) report. A sum mary of
their findings appears in Figure 1.1 in which ‘lo w', "m ediu nf, “high” and “highest” risk
areas_(risk in terms of probability of detecting environnental change) were designated.
The assessm ent for med an overall te mplate on the sanpling design.

The rationale for the develop ment of the sanpling plan focused on the Diapir
Field Lease Sale 71 area and the joint State/Federal Lease Sale BF (Figures 1.2 and 1.3).
W e chose to consider sanpling locations within state boundaries (i.e., within the 3-nmle
limt) as wen. |f chemical inputs to the marine system attributable to oil and gas
develop ment are to be detected during the initial phase of the BS MP, they are likely to
occur within the |ease sale sites and in nearshore areas where considerable exploration
activities have and are presently occurring (A aska 0il and Gas Co m nission, 1983).
During the next several years large scale develop ment is only likely to occur within state
waters. To date, exploratory drilling in Federal |ease areas has been restricted to
operations summarized in Table 1.1, although drilling permt applications have been filed
for other sites.

The program design rationale focused on the mdfield to farfield regi ons
surrounding and adjacent to present and future exploration and devel opment activities.
Data on nearfield (within 1000 m of a specific activity) distributions of drilling nuds,
cuttings and other discharges surrounding O C S activities are acquired as part of required
National Pollutant Discharge Elimnation System (NP D ES) pernmit nonitoring.
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Table 1.1. Drilling Sitesin Federal

Lease Areas.

Existing Sites:

Exxon Beachy Petit
Shel | -Tern Island
Sohio-M ukluk | sl and

Proposed Sites:

"Seal® Prospect (Currently Being
Drilled on State Land)

Exxon -

Shell - Harvard (Single Gavel

Island)

Lease 0281

LATI TUDES/ LONG TUDES

7002371107911IN
70016'46.02"N
7004 1'0.039"N

70029'31 .435"N

a. 710219.29" §

b. 7191'38.75"N
. 710155.21"N
d. 7191'7,06"N

e. 71 ogriz.humy
f* 71 005185 N
g. 71 00 3l.69"N
h. 7 1932.02vN

i 710435,32"N
j. 710246,00" N
k. 70 056'18.90" N

7003 5. 74"N

14705327,98" W
147029'45.6 1" W
150055" 11.89"W

148041" 35. 803° W

152043125,320 W
152°39' 27.95" W
152°47' 33.05" W
153026'6.99" W

153926'23.90" W
153022°10.94"W
15301728.1 6“ W
152046'21,20" W
152032'53,88" w
152030'28,05" W
151053 00.04'1 w

149005'48.804" w




Qur specific rationale for nonitoring the selected stations included the
fol  owi ng approaches:

1. An Area-Wde approach, with a mxed placement and random
selection of stations within the "high" and “highest” risk bl ocks
specified by Dames and More (1984);

2. An Activity-Specific approach, with stations selected do wn-
stream fro m an actual or proposed major devel opment
activity;

3. A Gadient approach, which was incorporated as part of 1 and
2 above. As chemicals are introduced into the Study Area
fro mpoint sources, material will be distributed by physical
processes and gradients will be established. ‘Gadients will be
mai ntained as long as discharges continue. Station placenents
in both the Area-Wde and Activity-Specific approaches w ere
designed to detect contam nant gradients. In the Area-Wde
segnent, these gradients were to be exam ned through
establishing of fshore transects skew ed in the direction of net
sedinment transport direction (i.e., to the west). In the
A ctivity-Specific approach, these gradients were sought down-
stream (to the west) of the activity at mdfield to farfield

distances (i.e., 1 to 10 mles).

4.  Reoccupation of a limted nunber of baseline stations fro m
which data are available from N O A A-O CSEA P supported

studi es.

In addition to the above rationale, other design elenments included: limting
sanpling to areas with water depths of approximtely 2 to 25 m focusing some attention
in the sensitive | agoon areas along the nearshore (Sire pson Lagoon - G w ydyr Bay and
Stefansson Sound); sanpling of sedim ents and bivalves at the sanme stations.

Actual place ment of stations for the Year 1 study were based on the above
four considerations.

Stations in Canden Bay, east of the C armng River, were selected randonly
within the ‘highest risk" (block 15) and "high risk" (bl ock 16) regions (see Figure 1.1)
defined in Dames and More (1984). Both shallow and deeper stations were selected
randomy to exam ne offshore gradients within these areas.

In addition, three Shaw et al. (1979) baseline stations were chosen to be reoccupied
(Stations 1A, 1 Dand 2 D). Stations to the west of the Canning River delta (i.e., Stations
2E, 2F) were chosen to examne discharged m aterials fro m the river. These stations were
considered to be at “medium risk" due to their distance fro m proposed exploration areas.
Stations 3A, 33 and 3 C were randomy located in another * mediu mrisk" area of fshore of
the Stefansson Sound area. These stations were selected to represent possible offshore,
fine-grained sedi ment depositional areas, reflecting possible long range transport west
fro m the Camden Bay area or east fro mthe Sagavanirktok R ver, Prudhoe Bay area.
Station 3 C also represents a Sha w (1979) baseline station.

The Stations 4A, 4B, 4 C and 4 D were selected to represent a transect offshore
fro mthe Stefansson Sound (Boul der Patch area). This location was selected to cover two
possible scenarios: 1) that this transect represented an upstream reference when
considering the Endicott Field development; 2) that this transect would reflect
storm-driven eastward drift of Endicott di scharges if indeed net transport was to the
east. N earshore sediment and water transport is not known well enough to differentiate
between these two possibilities. The northern- most station (4 D) in this transect also
represented a Kaplan and Venkatesan [1981) baseline station.



Stations 5(1), 5(2),565)and 5(10) were selected as part of the activity -specific
rationale to represent a possible transect downstream of the Endicott Field devel opnent.
Stations 5F and 5 G were specifically placed to correspond with baseline stations of Sha w
(198 1). These stations were also considered to be in the “highest risk” area. A series of
stations was selected to exam ne possible distributions of chemcals fro mthe Seal Island
vicinity. Station 5 A was selected as a mdfield monitoring site for the Seal Island activity
and 5B and 5 E were rando mly placed, generally corresponding to farfield stations
"downstrea Mt fy m the Seal Island, Endicott and general Prudhoe Bay activities.

In the Harrison Bay area stations were randomy placed within the ™igh" and
“highest risk” areas. Stations 6B, 6 C, 6 D and 6E were selected to generally represent an
of fshore transect fro mthe major seasonal discharges of the C olville River. T w o stations
(6A and 6B) were chosen to reoccupy a Shaw (1979) baseline station. Stations 7 D (Sha w
baseline station) and 7F (Kaplan baseline station) were selected to represent stations
downstream fro m the exploration activity off Cape H alkett. In addition, several Stations
(7TA, 7B, 7C, TE, 7GQ were randomy selected in the West Harrison Bay region, an area
classified along with the Cape H alkett/Pitt Point area as one at “highest risk" due to
industry interest and potential exploration activity.

Al of the above station selections were made according to the basic strategy
of selecting nost stations in "igh" and "highest risk" area vis-a-vis potential industry
activity, and according to the “area-w de” and "activity-specific" strategi es. O bviously
these stations were selected randomy (except for those corresponding to previously
occupi ed baseline stations) prior to actual data acquisition. It was anticipated that, based
on the first year's results, stations might have to be noved, elinmnated or additional
stations added.

While the above design rationale hol ds for sediments and bivalve sa m pies,
several specific considerations should be noted for the bivalve collections. A linited
nunber of sanpling stations were selected for bivalves. Unlike the sediment sanpling, in
whi ch sedinents are available fro mall stations, bivalve distributions in the Beaufort Sea
are uneven and species co mposition changes as one meves offshore. Based on the best
available bivalve distribution data, and abundance of species co m position and ani mal
sizes, a target list of bivalves suitable for chem cal analyses was devel oped:

1. N earshore Area: Cyrtodaria kurri ana
P ortlandia arctica
Liocy ma fluctuosa

2. Ofshore Area: Aretinula groenlandica
M aco ma calcarea
Portlandia arctica

Methods for collection are described in Section 2.2.

In order to formthe foundation of a statistically valid nonitoring program a
degree of replication was essential to the sanpling design. Based on information available
on the variability of environmental. chemcal measurenents fro m other areas, the degree
of areal coverage desired (i.e., nunber of stations), and budgetary constraints i nherent in
any environ nental nonitoring program a degree of replication (four replicates per
stations, later increased to six) was incorporated into the progra m as was a degree of
oversa m pling, (eight replicates collected) to allo wfor any possible additional analytical
data points if required in the future.

1.3.2 Analytical Rationale

The anal ytical targets were chosen on the basis of their inportance vis-a-vis
their toxicity and on the basis of being indicative of OC S oil and gas exploration, and
production activity discharges, The anal ytical program focused on trace netals, specific
i ndi vi dual petrol eum hydrocarbons and, regarding sedinments, tw key auxiliary



paraneters, total organic carbon, and sedinment grain size distributions that are used as
geoche mical tools in interpreting netal and hydrocarbon distributions. O C S activities
may result in the permtted and accidental discharges of m aterials through drilling nud
di scharges, produced water or formation water discharges, or accidental spillages, The
relative inportance of these discharges and their chemcal and physical co mposition is
sum narized in Tabl e 1.2

The netal s anal ytical program focused on barium (Ba), Chromum ( C), Zinc
(Zn), | ead (Pb), copper (Cu), cadm um (Cd) and vanadi um (V), while the hydrocarhbon
program focused on total hydrocarbon content as well as detailed saturated hydrocarhon
(norm al and isoprenoid alkanes) and aromatic hydrocarbon (honol ogous series of two- to
five-ringed polycyclic aromatics) distributions.

A nmore extensive discussion of exploration and devel op m ent discharges is
found in Section 1.5.

1.3.3 Dat a Analyses and Hypot hesis Testing

As discussed in Section 1.2, the overall objectives of the three-year study
centered on statistically testing four hypotheses concerning tenmporal trends in
contamnant inputs and sources of these inputs reflected in sediment and bivalve
anal ytical contamnant findings.

The data analysis task in the first year's program involved two activities: 1)
deter mning the variability in observed m etal and hydrocarbon parameters at each station,
and 2) exa mnng the geoche mical (Sedimnments) and bticgeoche mical (bivalves) data to
determne the sources of m aterials and factors affecting their observed distributions. The
first activity involved an examnation of the data to determne their statistical qualities
and the distribution (nor mal or non-nor real.) of the results. Once determned, the
variability in che mical paraneters and parameter ratios could be ascertained, followed by
an assessment of the ability to validly detect subsequent changes in these parameters
through the existing replication scheme. \ich paranmeters or ratios should be focused on
in subsequent year's hypotheses testing would then be determned fro ma conbination of
variability analysis and geoche mical deter minations.

1.4 Study Area Background

1.4.1 The Diapir Field

The B eaufort Sea, a part of the A retie Ccean, lies north of Alaska and western
Canada at latitudes mostly higher than 70° N In U S federal waters, the Diapir Field Ol
Lease Planning Area covers more than 21 mllion hectares containing 9649 potential |ease
blocks. The Federal Planning area extends fro mthe 48km geographic federal/state
boundary to approxim ately 73°N | atitude (60 mwater depth) and fro mthe disputed
U.S./C anada jurisdiction line (approximately 1410 W longitude) to 1620 W longitude in the
C huckehi Sea to the west. The first |ease offering in the area was the joint Federal/State
Beaufort Sea 0il and Gas Lease Sal e (BF) hel d on Decenber 11, 1979. Twenty-four
federal and 62 state tracts were leased for a primary |ease termof 10 years.

The second federal |ease offering (Sal e 71)was held on Cctober 13,1982
Lease Sale 71area lies between 146.00 w and 153.300 w longitude. O the 338 tracts
of fered, 125 received bids and 121 tracts were |eased, covering an area of 268, 450
hectares. The third lease offerings in the Diapir Field was held in August, 1984 and |ease

offering 97 is scheduled for June, 1986.
By the end of the 1984-85 drilling season, at least 34 exploratory wells had

been drilled in State land that was |eased primarily in the Stefansson Sound and Sinpson
Lagoon areas. Nine exploratory wells had been drilled in Federal land that was |eased in
the Sales B F and 71 in Stefansson Sound, Harrison Bay and Pitt Point areas (see Figure
1.4). During the next drilling season, two exploratory wells may be drilled in blocks that
were |eased during Sale 87 in the Canden Bay area. This offshore exploratory drilling
activity has led to the followng discoveries and planned devel opnment.

10
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Table 1.2 Significant Potential Sources of Contaminants From O €S Operations

Petrol eum Q her Trace

Activityl Source Hydr ocar bons Organics Metal s solids

Expl oration/ D rilling + (+4)2 ++ +++ 4+
Muds and Cuttings

Product i on/ Produced e ++ ++D +
Waters

Exploration & Production/ +H++ ++ + +
Pet rol eum Spillages

a Oil-based nuds or diesel additives; also cuttings may contain higher |ayers of

for _m ation hydrocarbons.
b Very variable; may be more significant in sone instances.

++++  Most inportant contam nant.

+++  Very inportant contam nant.

++ Cont am nant of lesser i m portance.
+ Det ect abl e contam nant.
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On May 5, 1982, Sohio and Er sn announced tentative plans to develop the
Sagavani rkt ok River/Duck Island area by tapping the Endicott reservoir. Figure 1.5
illustrates the proposed development. The Endicott project is designed to support up to
200 production wells over the life of the field, Daily production is estimated at 75,000 to
150,000 barrels (12,000-24,000 cubic n) of oil and 250 mllion cubic feet (7.1 million cubic
m) of natural gas.

In January 1984, Shell Weéstern announced the discovery of a new oil reserve at
its Seal Island prospect (Figure 1.6). Results of initial delineation drilling, released in
July 1984, were issued along with conservative estimtes by Shell that the discovery held
reserves in the range of 300 million barrels of oil--one of the largest finds in North
A merica in the past decade.

In January 1984, AR C Oco mnitted itself to developing the Lisburne oil field
on the northwest edge of the Sadlerochit formation (Figure 1.7). Estimates are that the
reservoir holds bet ween 1 and 3 billion barrels of oil. The conplicated geol ogy of
Lisburne Wi || necessitate the drilling of 180 wells fro msix new drill sites. One of the
sites wi || be a gravel island approximately 13,000 feet offshore in Prudhoe Bay, as shown
in Figure 1.7.

1.4.2 The Physical Environ ment of the Study Area

The near-shore coastal zone of the U S. Beaufort Sea contains abundant
narrow, |ow, sand and gravel barrier islands, particularly bet we en Harrison Bay and
Cam den Bay. In addition, there are nunerous east-west oriented shoal s which probably
are extensions of the barrier island chain. Several small to medium size rivers discharge
to the Beaufort Sea south of the Diapir Field. These include, fro meast to west, the
C arm ng, Shaviovik, Kadleroshilik, Sagavani rkt ok, Putuligayuk, K uparuk and C olville
Rivers. The largest i S the Colville River. Runoff fro mthe rivers is highly seasonal with
approxi mately 80 percent of the estimated total annual runoff of 40 k m3 to the Al askan
Beaufort Sea occurring in June (Antonov, 1958). The spring runoff carries high |oads of
suspended sediment. Naidu and Mo welt (1974) have estimated that sedinment discharge
fro mthe Colville River alone is 4.5 to 9 million netric tons per year. The sedinment may
be carried more than 100 km fro mthe river mouth and be deposited in water depths up to
40 m

Because spring runoff to the Beaufort Sea begins in My before breakup of
shore-fast ice, the river discharge flows out over the sea ice, flooding large areas out to
at least the barrier islands (Barnes and R eim nitz, 1972; Cannon, 1981). The fresh water
flow, carrying high concentrations of suspended sedinents then drains through cracks and
holes in the ice during breakup of the shore-fast ice. The fresh water may drain quite
forcefully through cracks in the ice causing strudel scouring of seafloor sedinents. The
resul ting depressions may be up to 25 min dianeter and 4 mdeep (R eimnitz and Barnes,
1974).

The outer continental shelf of the Alaskan Beaufort Sea is quite shallow In
nost areas, the shelf break occurs at a water depth of about 60 m but in some regions,
the shelf extends out to 200 to 800 m (Sharma, 1979; Gantz et al, 1981). The average
depth of the Alaskan Beaufort Sea continental shelf is only 37 m Its width ranges fro m
55 kmin the east to 110 kmin the west. The mmin physiographic features of this
continental shelf include a gently sloping inner shelf (0.060 slope) extending fro mshore to
the 30-m isobath, a slightly steeper outer shelf (0.90 slope) between the 30 and 60 to 70 m
isobaths, and a steep continental slope.

Water depths of the Diapir Field lease tracts range fro m5 to 40 m with an
average of 16 m At the present time, exploratory drilling is restricted to water depths of
20 mor less from barrier islands, man-made gravel islands or artificially-created ice
i sl ands. However, the N ational Petrol eum Council (1981) has suggested that technol ogy
and rel evant experience are now or soon will be available to operate safely in water
depths up to 60 min the nore extensively ice-covered areas of the Beaufort Sea.

A do minant oceanographic feature of the Beaufort Sea is sea ice. In the
Diapir Field Planning Area there are three major zones of winter ice: the landfast ice

13
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Figure 1.5 Proposed Endicott Devel opnent of Sag River/Duck Bland area. (Sohio,1982). Fr0 e Deis
and Pierson (1983).

14



A 70°30°

70°25’

.{gfs_:‘kUPARUK RIVER - ° . _ 2N
LEGEND . cY
® DISCOVERY WELL _ - o
S DELINEATION WELLS ‘ . 2
FEDERAL TRAGTS o 70°20’
B STATE TRACTS . /] eruoH
. 3 BAY
G20 >~
o + 2 3 ' WA el
[ | 1 ] . . -
MILES PUT RIVER &~ - °
Figure 1.6 The Seal Island Discovery, Wth Paths of Exploratory and Delineation Drilling. From
Lynch, Rudol ph and Sttor (1 984).

15



14850’

EXPLANATION

Site of pr oposed
/ gravel island and

causeway

S TUMP

70 UISLAND
25

A\, N WEST DOCK
./ CAUSEWAY

GULL
% ISLAND

¢ NIAKUK
ISLANDS

T
kA rea

i ] Prudhoe /£
Bay £

J'J‘:‘, “u
X =TT v
S tor, S D 5
R\ i PEaxe &
ol S £ . . 2N
& E 7 2 S
E

14830’

‘gure 1.7 Lisburne Devel opment Proposal ts o0ffshore Constructing. From Lynch, Rudol ph and sttor
(1984).

16



zone, the Sta m ukhi zone, and the pack ice zone. The Planning Area is primarily in the
| andfast ice zone, which extends fro mthe shore to the grounded ridge ice or Sta m ukhi
zone. The Sta mukhi zone first forms in about 8 to 15 mof water and by late winter may
extend out to 20to 30 m water depth, depending in part on the coastal geonetry (Barry,
et al., 1979). The shorefast ice reaches a thickness of about 2.0 to 2.4 m It can be
divided into a nearshore zone of hottomfast ice out to water depth of about 2 mand a
seaward zone of floating ice.

In the Alaskan Beaufort Sea, new ice generally begins to form from about mid-
September to Cctober and the first continuous sheet of fast ice has formed by md-
Cctober (Barry, 1979). A stable shorefast ice sheet extending to about the 15-m isobath
persists fro m January/February to April/ My. Breakup may begin in late June or early
July and usually is conplete by the beginning of August. At Point Barrow, breakup has
been observed to occur as early as June 15 or as late as August 22, while fall freezeup has
been observed to occur as early as Septenber 3 or as late as Decenber 19. By late
August or early Septe m her, an ice-free zone usually extends 20 to 25 km offshore but may
extend offshore to about 100 k min the region of Harrison Bay (Pritchard and Stringer,
1981). However, sum mer storns may drive pack ice into the shore.

O fshore, there is an ice shear zone where the relatively im mobile shorefast
i ce encounters the highly nobile arctic pack ice. This zone is called the Sta mukhi zone
and is characterized by the pile up of the opposing ice sheets into vertical ridges which
may extend downward as nuch as 30 to 40 m  Significant ice scouring of bottom
sediments occurs in this zone.

Sea ward of the the Sta m ukhi zone is the pack ice zone, which contains first-
year ice up to about 1 mthick, nulti-year ice flows ridges and flo wbergs, and ice islands.
The pack ice is not continuous but is broken by fractures, |eads and polynyas. U rider the
i nfluence of storm winds and ocean currents, the pack ice drifts at a rate up to about
7 km/dayand exceptionally to 32 km/day (Shapircand Barry, 1978), The net novenent of
pack ice in the Beaufort Sea is fromeast to west in response to the Beaufort Sea gyre.

Water currents in the Diapir Field Planning Area are mairily wind-driven.
Tides are se midiurnal with an a m plitude of only 15 to 20 cm (Mathews, 1981; Northern
Technical Services, 198 1), and do not contribute substantially to current flo vs, especially
inthe sum mer. The nearshore wind-driven current regine extending out to the 40 to 50 m
isobath flows predom nantly toward the west parallel to local isobaths during normnal
conditions, but may reverse during storms (K czo, 198 1). Current speeds during the
summermay range fro m 2 cnfsee during normal conditions to nore than 95 cmisee during
storns. OFf the Sagavanirktok River delta at 5.5 mwater depth, mean current speeds
were 13c¢ msee and maxi mum vel ocity was 53 em/see during August- Septenber, 1976
(Barnes et al., 1977). Under the ice in water depths of 5 to 8 mcurrent speed averages
about 2 cmsee with occasional pulses to 10 cnfsee. H 0 wever, near the edge of bottom
fast ice at about 2 mdepth, prismeffects can cause 10 to 15 cnfsee tidal currents
(Barnes, 1981).

Coastal waters of the Al askan Beaufort Sea tend to be salinity-stratified,
particularly near the nouths of rivers and out to the 6-misobath. In the summer, the
war mer fresh water fro mriver input lies over the colder nore saline ocean water. In
general, mean sum mer seawater salinities in the near-shore Beaufort Sea range fro m1 to
30 ppt (Barnes et alL, 1977; Kozo, 1981). Surface water tenperatures in August-
Septenber range fro mabout -0.9 to 7.5° C, averaging about 1.7° C.

1.43The Trace Metal and H ydrocarbon Geoche mical Environm ent

Several recent studies have exa mined the distribution of hydrocarbons and
m etals i N Beaufort Sea sedi ments (Shaw et al, 1979; Kaplan and Venkatesan, 1981;
Venkat esan and Kapl an, 1982; Naidu et al, 1981). Shaw et al. (1979) exam ned the
hydrocarbon geochemistry of nearshore sediment along a transect from Point Barrow to
Barter Island. Total hydrocarbon concentration in the nearshore range between 0.3 and 20
ug/g dry sediment. The saturated hydrocarbons are domnated by n-alkanes ranging in
chain length bet w een 23 and 31 carbon atoms with a strong odd-even preference and no
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unresol ved conplex mxture (UC M) evident. This distribution is consistent with a
prevalent biogenic input of terrigenous plant material, nost likely resulting fro m
transport of riverine suspended particul ate matter during the spring runoff. Sha wet al.
(1979) also exami ned sources of aromatic hydrocarbons in nearshore Sedinents using the
alkyl ho molog distribution of selected aromatic hydrocarbon series determined by G C M.
Distributions characteristic of both pyrogenic and petrogenic origing were observed, with
the geographic distribution of pyrogenic aromatic co m pounds indicative of a |ong range
transport source of anthropogenic conmbustion products rather than localized inputs. Their
analysis al so ruled out natural seepage or spills of Prudhoe Bay crude oil as the source of
aromatic hydrocarbons in the region.

The hydrocarbon geochemstry of the Beaufort Sea Quter Continental Shelf
O C S) has been studied by Kaplan and Venkatesan (1981), and Venkatesan and Kapl an
1982). The rangeof total hydrocarbon concentrations reported was 20 to 50 ug/g dry
sedinent, which is slightly greater than that found in the nearshore sedinents. Wether
these differences are due to differences in the analytical methods enployed or to a
greater abundance of fine-grained, organic-rich sedim ents in the O CS region was not
investigated. As with the nearshore sedinents, the mjor source of saturated sedinentary
hydrocarbons was found to be higher plant debris, with no evidence of a U C Mindicative of
anthropogenic i nputs. A marine biogenie origin for sonme of the organic matter was al so
indicated by the occurrence of the hydrocarbons pristane and n-heptadecane. The
occurrence of several alkanes, together with steranes, diterpanes and triterpanes al so
attested to the biogenic origin of the organic matter. Measurable concentrations of
aromatic hydrocarbons were found in alm ost all the Beaufort Sea O CS sedinents
exam ned. The distribution of alkylated ho m clogues determned by G M5 was found to
be characteristic of a pyrogenic origin. The available organic geoche mical data for the
region indicate that hydrocarbons found in nearshore and of fshore sedinents originate
primarily through natural processes, with lttle evi dence of anthropogenic petrol eum
inputs.
" The geochem stry of several netals (Fe, M, Cu, Co, C, N, V and Zn) was
examned by Naidu et al. (1981) in four depositional regions of the Beaufort Sea (O CS,
Harrison Bay, Sinpson and Beaufort lagoons).  Concentrations of all metalsin OCS
sediments were greater than those found in the nearshore or the coastal |agoons. Total
netal concentrations in sedinents of the arctic lagoons were co m parable with those of
non-pol luted tenperate sedim ents. Neither vanadi um or nickel, m etals which mght be
i ndi cative of petroleumcontamnation, exhibited a regional geographic distribution
consistent with localized petrogenic inputs. Oher studies of netal distributions in OCS

sediments have been conducted by Sweeney (1984) and Robertson and A bel (1979).
Data on the concentrations of m etals and hydrocarbons in bivalves fro mthe
region are sparse with Sha wet al. (1979) presenting so me evidence attesting to very lo Wlevels

of hydrocarbons in bivalves fro m the area.

1.4.4 The Sedimentological Environnent

The sedinment characteristics of the lagoons along the Beaufort Sea coast have
been studied by Naidu et al (1984). Primary sources of sedinents in the Diapir Field are
riverine i nput of suspended particulate matter, erosion of coastal bluffs, and ice rafting.
The riverine and erosional particulates include a significant concentration of, tundra peat
(Schell, 1983) whichmay contribute significant amounts of organic carbon and fossil
hydrocarbons to coastal sedim ents. It has been estimated that 700 netric tons of peat per
k mper year enter the B eaufort Sea from coastal erosion. N earshore surficial sedinents
are predom nantly mud(Grantzetal,1982; N aidu, 1982). C carse-grained sand and gravel
sediments in nearshore areas are primarily relict deposits. |n sone areas,the sandy and
nmuddy substrate is interrupted by aggregations of cobbles and boul ders, terned boul der
patches. These boul der patches usually contain a single | ayer of boul ders about 70 cm
thick (Duntan et alL, 1982). The dom nant clay mineral in Beaufort Sea sedim ents i S ilite
(Naidu, 1982}, Maj or nechanisms of |arge scale sediment transport and dispersion in the
region include: transport in suspension; on-ice transport fro mriver overflows storm -
driven bed transport; and ice rafting and in-ice sediment transport (Sharm a, 1983).
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Transport and deposition of coastal sediment are influenced by seasonal
variations in hydrodynam cs and sedi ment supply. During w nter months, nearshore
sediment transport nearly ceases, While considerable ice gouging, occurring in the
Sta mukhi zone at water depths of 15 to 45 m acts as the mmjor sedinent disturbance
further of fshore (Barnes et al., 1984). At spring breakup, the ice cover nearshore is
subj ect to high turbid riverine overflo ws. The C olville River is the largest single source
of material and, during a three-week period in the spring, can discharge 74 percent of its
annual | oad (N aidu et al., 1984). Sedimentationratesinthelagoonshavebeen estimated
to range from05to0 1.6 cm/yr.

Prevailing westerly winds occurring in the open water season transport river
plum es and resuspended bottom sedinent westward. \eésterly storms, characteristic of
the |ate sum mer-fall can account for cataclysm c beach transport and net shoreline
erosion anounting to as nmuch a 1500 m 3/day or overall a net erosion and transport rate of
1-4 myr (Hume and Schalk, 1967, Short et al, 1974).

Qther co mmonly observed sediment transport processes include ice-scouring
and sedinent rafting. Sam pi es of sea ice show a sedinent concentration range
of 40 to 730 mg/L nelted ice which is far greater than a mbient seawater suspended loads
of approximately 1 m g/L. (Naidu et al ., 1984). Suspended | oads may be
greater (1 Oto 100 mg/L) during flash floods.

1.45The Bi ol ogi cal Environ ment

The major sources of primary production of the Beaufort Sea food web include
terrestrial vegetation (prim arily peat), phytoplankton, eponic algae (living on or near the
under-surface of the ice), attached m acrophytes (especially in boul der patches), and
bent hi ¢ microalgae (Schell and Homer, 1981). It is at present uncertain whether
microalgae or organic detritus, derived in part from peat are the najor sources of
nutrition for consuners (Schell, 1983).

The nearshore benthic infauna and epifauna are extrenmely depauperate due to
seasonal scour fro m bottom fast ice (Broad, 1979). Simlar scouring resulting in
depauperate benthic fauna may occur in the depth interval of 15 to 30 mdue to ridge ice
inthe Sta mukhi zone. These regions do contain s mall populations of annual species or
juvenile immnigrants fro m adjacent unscoured zones. B enthic faunal diversity increases
with water depth sea ward from the bottomfast ice zone, with the exception of the
Sta mukhi zone. D 0 minant taxa include polychaetes, ga mmarid am phi pods, isopods, and
bi val ve m wlluses. The highly motile fornms such as am phi pods and isopods may invade the
area in large nu mhers during the open-water season ( Griffiths and Dillinger, 1981,
Northern Technical Services, 198 1), Infaunal hio mass ranges fro ma mean of 3.1 g/m‘in
waters less than 2 mto 42.05 g/m2 in coastal | agoons, and 30.6 g/m “at water depths to
2 to 20 m (Wacasey, 1975, Broad et al; 1981). Hi gher trophic |evels, including a wde
variety of marine and anadro mous fish as wall as the bow head whale, apparently depend
prim arily on epi benthic and planktonic crustaceans for sustenance and there is little
concrete evidence of benthic-pelagic trophic coupling in the nearshore B eaufort Sea.

1.5Potential Environnmental Effects of Offshore
0L and (Gas Developm ent

During exploration for and develop ment of offshore oil and gas reserves on the
outer continental shelf of the U.S. B eaufort Sea, there will be physical disturbances and
generation of a variety of solid and |iquid wastes, some of which will be discharged to the
ocean (see Table 1.2; Section 1.3). Such discharges are regulated by the Environnental
Protection Agency (EPA ) through issuance of National Pollutant Discharge Elimnation
System (N P D ES) permts in conpliance with provisions of the Cean Wter Act éFederaI
Vater Pollution Control A et, as anended: 33 U.S. C 1251 et@ Liquid and solid wastes
that may be permtted for discharge to the ocean include drilling fluids, drill cuttings,
deck drainage, sanitary and donestic wastes, several non-contact or clean once-through
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process waters, and produced waters. Produced water and other waste waters possibly
containing oil are processed through an oil-water separator while sanitary sewage is
treated in an activated sludge treatnent system before discharge. Treated waste water
containing up to 48 pp moil and grease is presently permtted for discharge to the ocean.
However, New Source Perform ante Standards (N SpS), which have been proposed by E PA
include a daily maxi num of 59 pp mand a m onthly average of 23 pp moil and grease
(W 1iam Telliard, EP A, Washington, DC, personal communi cati on). The chem cal
contam nants associated with various O C S operations are sum marized in Table 1.3.

The major per mtted discharges (in terms of volune and environmental
concern) associated with exploration and develop ment drilling are drilling fluids and drill
cuttings, During devel opment drilling of a field, the usual practice is to bring wells into
production as they are drilled. Thus, drilling and production go on sim ultaneously fro ma
devel op ment platform during much of the devel opnent phase. The major effluent, often
associated with oil and gas production, is produced water. Qcean disposal of treated
produced water is permtted in the Qulf of Mexico, in sonme regions off southern
C alifornia and in Cook Inlet, Alaska. Currently there is some doubt and considerable
debate about whether such discharges will be permtted in the A askan Beaufort and
Bering Seas.

Exploration and devel op m ent drilling will take place fro m barrier islands, man-
made gravel islands, artificially-created ice islands or reusable concrete island drilling
systems (CID S). Qther platformdesigns and configurations, conpatible with the harsh
B eaufort Sea conditions are under design and consideration. During devel opment of a
field, from 10 to 50 and occasionally up to 100 wells may be drilled fro meach platform
Prelimnary plans for unitization of the Endicott Reservoir off the Sagavanirktok River,
the first proposed offshore develop ment in the Alaskan Beaufort Sea, call for the
construction of two gravel islands. As many as 80 wells may eventually be drilled from
each island (R ed burn and Weel er, 1983). One oroccasionallytwowellscanbedrilledat
a timefromeach platform and each well may require two to six nonths to drill. Thus
devel op ment of a field may take as long as 20 years.

Two ot her inpact-causing agents associated with offshore oil and gas
develop m ent should be mentioned. The physical presence of the platformor artificial
island, orthe added bottom relief provided by a pile of drill cuttings on the bottom
produces a reef effect (Davis et al., 1982). Reef-associated foraging fish are attracted to
the structure and may produce profound effects on the benthic epifauna and i nfauna
through predation. Accidents during field develop ment and production may result in oil
spills or even blowouts which woul d represent acute, possible massive-scale inputs of
petroleumto the shallow Beaufort Sea.

1.5.1 Drilling Fl ui ds and Cuttings

Drilling fluids are specially for mulated mxtures of natural clays and/or
poly mers, weighting agents and other m aterials suspended in water or a petroleum
m aterial. WAt er-base, but not oil-base drilling fluids may be allowed by N P DES permt to
be discharged to U S. coastal and O C S waters. \Mter-base drilling fluids @n which the
continuous phase is fresh- or seawater) are used al nost exclusively for drilling in US.
coastal and O CS w stem. The five major ingredients in water-base drilling fluids (barite, -
bentonite clay, lignosulfonate, |ignite, and caustic) account for over 90 percent of the
total mass of additives used in water-base drilling fluids (P erricone, 1980). The other
major ingredient is fresh w ater or seawater. The rem aining ingredients include a wde
variety of specialty additives used to solve particular do wn-hole problens. Fro man
environ nental perspective the most inportant of these include diesel oil or mneral oil
(O 1 to 4 percent sonetimes used for fluids control or to im prove the [ubricating
properties of the mud when drilling a slanted hole), chro mate salts, surfactants, and
biocides. Current N P D ES permts for the Beaufort Sea prohibit discharge of drilling fluids
containing diesel oil, mneral. ofl, chromates or chlorinated phenol biocides.

Wien N P DES permts were granted for offshore drilling on the md-Atlantic
outer continental shelf in 1978, the Ofshore Operators Co mnittee Task Force on
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Table 1.3  Major Pernitted Discharges and Potential Impact-Causing Agents Associ ated
With Offshore O|. and Gas Exploration in the Beaufort Sea.

o« Physical Structure of Platformor Artificial Island

oDrill Cuttings - 1100 mt/Exploration Wen,Less for Devel opment Well

ODilling Fluids - 900 mt/Exploration Wen, 25 % Less for Devel opment Veéll

« Cooling Water, Deck Drainage, Ballast Water - May be Treated in an
G/ \ater Separator

+Donmestic Sewage - primary Activated sludge Treatnent

oSacrificial. Anodes, Corrosion, A ntifouling Paints - May Release S m all
A mounts of Several Metals (A, CQu, Hy, Sn, Zn)

o« Produced Water (Production Only) - Treated in 0il/W ater Separator to Reduce
Total Hc to Mean of 48 ppm, Daily Max. 72 ppam.
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Environ nental Science, and EPA Region Il developed a list of eight general or genetic
driting nud types that included virtually al| types of water-base nuds co mmonly used on
the U S. O CS. The genetic nud concept has been incorporated into N P DES permts issued
by EPA Regions I, II, IIl, IX and X (including Alaska) and is under consideration for future
permts in other regions (Ayers et al., 1983). Bioassays perforned according to the EPA
Region I protocol s are conducted on field sa mpies of nuds representative of the eight
genetic drilling fluid types. Operators then may be allo w ed to discharge drilling fluids of
the eight generic types without conducting additional bicassays. If specialty additives are
used, bioassay and approval of the E P A R egional A d ministrator i S required before the
nmuds containing additives are discharged to the ocean.

Barite (bariumsulfate) is used as a w eighting agent in drilling fluids. It has a
density of 4.1 to 4.3 g/cc and a volubility in seawater of about 50 to 52 wg/liter as Ba
(Burton et al., 1968; Chan et al., 1977). The anmount of barite added to a drilling nud may
vary fro mO to about 2 kgaiter (700 Ib/bbl) and usually i ncreases with depth of the well
(National Academy of Sciences, 1983).

Bentonite clay (sodium mont m orillonite), or sometines attapulgite clay, is the
maj or ingredient of nmost water-base drilling fluids. It is used to maintain the gel strength
required to suspend and carry drill cuttings to the surface. It also helps coat the wall of
the bore-hole preventing loss of drilling fluids to permcable formtions.

Li gnosul fonates are organic polyners derived fro mthe lignin of wood and are
byproducts of the wood pulp and paper industry. \Wen co mplexed with certain inorganic
ions such as chromum iron, or caleiu, they are effective in preventing flocculation of
clays. They are used to control the viscosity of drilling fluids. Chrome or ferrochro me
lignosulfonate i s used most frequently in water-base nuds for offshore drilling. Lignite (a
soft coal) is used with lignosulfonate as a clay defloceulant and filtration control agent.

Caustic (sodium hydroxide) is used to maintain the pH of driling fluid in the
range of 10 to 12. A high pH is needed for optinumclay defloceulation by chrome
lignosulfonate, and to inhibit corrosion of drill pipe and growth of hydrogen sulfide-
producing bacteri a.

Several metal s are found in drilling fluids (Table 1.3). Themetalsof major
environ mental concern, because of their potential toxicity and/or abundance in drilling
fluids, include arsenic, barium chromum cad mu m copper, iron, |ead, mercury, nickel,
and zinc. Sone of these metals are added intentionally to drilling nuds as m etal salts or
organo M etallic co m pounds. COthers are trace contam nants of major drilling nud in-
gredients.  The metals nost frequently present in drilling fluids at concentrations
significantly higher than in natural marine sediments include barium chromum Iead, and
zinc (Table 1.4).

Bariumin drilling fluids is derived al nost exclusively fro mbarite. Bentonite
clay may al so may contain sone barium

Chromiumin drilling fluids is derived primarily from chronme and ferrochro me
lignosulfonates. Di fferent brands of chrone or ferrochro m e lignosulfonate may contain
from1,000 to 45,000 mg/kg chrom um (Neff, 1982). Barite and [ignite may al SO contain
some chromum In addition, inorganic chro mate salts sonetimes are added to drilling
fluids for stabilization of chrome lignosulfonate at high tenperatures, corrosion control,
or H p3-scavenging. Used offshore, drilling fluids may contain 0.1 to about 1,400 m g/kg
dry weight and rarely to about 6,000 m g/kg total chromum Chrom um co mplexed to
]j.gnosu]fonate is in the +3 valency state (Skelly and Dieball, 1969). H exavalent chro miu m
added to drilling nuds is quickly reduced to the trivalent state by the lignosulfonate and
becomes absorbed to the clay fraction (Mc A tee and Smith, 1969). C hro m e-lignosulfonate-
clay conplexes are quite stable at normal operating tenperatures. A hove about 150° C
these conpl exes begin to break down, due to thermal degradation of |ignosulfonate.

Mst of the other netals detected in sone drilling fluids (nercury, |ead, zne,
nickel, arsenic, cad miu m and copper) are present primarily as trace inpurities in barite,
bentonite, and sedi mentary rocks in the form ations penetrated by the drill. The average
concentrations of these netals in marine sedinents are as high as or higher, in nost
cases, than their concentrations in drilling nuds (Table 1.4). The m etallic i npurities in
i mpure barite are associated with highly insoluble sulfide mneral inclusions, particularly
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Table 1.4 Concentration R anges of Several Metals in Natural Marine Sedim ents and
Drilling Fluids fro m Al askaa. Concentrations are in mg/kg Dry W. (ppm).

Sedi nent s
Alaskan O CS

M etal Drilling Muds Norton Sound Beaufort Sea
#Bariumb 520 - 360, 000 350 - 500 135 - 4,200
¥ Chromium 17 - 1,300 30- 80 4- 110
Cobal t 38- 52 20 - 30 13 - 53
Copper 1.5- 88 20 - 50 16 - 53

Ni ckel 44- 88 20 - 45 30 -50
Strontium NA 200 - 300 NA
*zinc 34- 389 50- 110 65- 103
Iron 9,420- 76,300 NA 13,800 - 30,000
Manganese 138 - 350 NA 138 - 258
*Lead 2.4 - 106 NA 3-21
Vanadi um 160 - 235 NA 55 - 155
Mercury 0.015 - 0.217 NA NA
Cadm um 30.02 - 1.80 NA NA

da  Data from NO RTEC, 1981, 1982, 1983; Sharma, 19'79; Ecomar, 1983.
Barium values obtained by A A and may be 10 w.
N A Not analyzed
May be present at substantially higher concentration in drilling fluid than in sedinents.

23



Wit h sphalerite (ZnS) and galena (PbS) in it (Kramer et al., 1980; MacDonald, 1982).
Mercury is of particular concern because of its high toxicity. Athough nercury fro m
mercuric sulfide can be methylated to highly m obile and toxic m ethylm ercury co m pounds
by sedinment bacteria, the speed and efficiency of this transformation is only 10-3 tines
that of m ethylation of ionic Hg*2 (Fagerstro m and Jernelov, 1971) and the rate-limting
step appears to be oxidation of sulfide to sulfate {Gavis and Ferguson, 1972). This
reaction will be oxygen-li mited in nost marine sedinents. Pipe thread co m pound (pipe
dope) and drill collar dope may contain several percent m etallic | ead, zinc, and copper
(Ayers et al., 1980a). Sonme pipe dope gets into the drilling nud. However, metals fro m
this source are in the formof fine netallic granules and are biologically relatively inert.
Finally, inorganic zinc salts, such as zinc carbonate, zinc chro mate, or zinc sulfonate may
be added to drilling muds as H 2S scavengers. In such cases, zinc is precipitated as zinc
sulfid e.

Drill cuttings are particles of crushed sedimentary rock produced by the action
of the drill bit as it penetrates into the earth. Drill cuttings range in size fro mclay to
coarse gravel and have an angular configuration. Their chemstry and mneralogy reflect
that of the sedimentary strata being drilled.

During drilling of a typical 3,000-m offshore exploration w en, approxi mtely
900 netric tons of drilling fluid solids and 1,100 netric tons of drill cuttings will be
discharged. Slightly smaller amounts of drilling fluids and cuttings are discharged during
drilling of a devel opnent w en.. Drill cuttings are discharged nore or |ess continuously
during actual. drilling, which may actually occur only one-third to one-half the time during
a two to three month drilling operation (Ray, 1979). Di scharged cuttings may
contain 5 to 10 percent drilling fluid solids. Wole used drilling fluids may be discharged
intentionally in bulk quantities several times during drilling and at the end of the drilling
operation.

Unless restricted by N P DES permt, the rate of bulk drilling nud discharges
“ranges from 500 to 2,000 barrels per hour and may require 0.5 to 3 hours (Ayers et al.,
1980b; Ray and Meek, 1980). Sone permits for the Beaufort Sea include a rate limt of
1,000 barrels per hour and require predilution (1 Ofold with seawater) under some
condi tions.

Exploration and devel op ment drilling i s expected to take place in several O CS
regions of Alaska in the next 10 years (Table 1.5). Mst activity is expected to take place
in the Beaufort and Bering Seas. If all 128 exploration and devel opnent w ells projected
by the Minerals Management Service for the Diapir Field for the next 10 years are drilled,
then a total of approximtely 215,000 netric tons of drilling fluid and cuttings solids
woul d be discharged. Substantial additional drilling will take place in state waters.
Several major develop ment projects are being considered in the Beaufort Sea, including
the Endicott, Seal Island, and Lishurne fields. Mre than 100 wells could be drilled in the
Endi cott Field alone.

A water-base drilling fluid is a sy of solid particles of different sizes and
densities in water. Drilling fluid additives may be w ater-soluble, col | oidal, or particul ate.
Cay, silt, and cuttings have a density of about 2.6 g/ece. Silt and unflocculated clays
settle in calmseawater at estimated rates of about 1.4 x 10-2 to 5.8 x 10-5 c nisee
(S medes et al.., 1981). However, nuch of the clar indrilling nud tends to floccul ate upon
contact with sea water, resultinginmore rapid settling of this fraction. Barite, despite its
fine grain size {G4m ), may settle nore rapidly because of its high density. Because of
this physical /chem cal heterogeneity, drilling fluids and cuttings undergo rapid and
substantial fractionation and di spersion upon discharge to the ocean.

According to a dispersion/dilution model developed by Brands ma et al. (1980),
drilling mud discharged fro m a subnerged discharge pipe can be viewed as going through
three distinct phases:  convective descent of the jet of material, dynamc collapse, and
passive diffusion and convective mixing of the ambient nedium O the material
di scharged, about 10 percent remsins as a plume in the upper water colu m. This fine
grained material generally contains less than 10 percent of the drilling fluid solids. The
rem aining90percent settles directly to the bottom Critical determinants of the inpacts
of discharged drilling fluids and cuttings on water colu mn biota are the rate and extent of
t hese dispersion/dilution processes.
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Table 1.5 Projected Drilling Flulds/Cuttings Di scharges to A aska Coastal/0CS Waters During the
Next Ten Years.

Wellsnext 10 Yearn Tot al _Discharges (MT)2

Regi on Expl oration Production Mud cuttings Tot al
Qul f of Alaska 3 b 6, 800 8,200 15, 000
Kodi ak 2 3 3, 800 4,700 8,500
Cook Inl et 2 3 3,800 4,700 8, 500
N. Aleutian Basin 14 27 30, 800 37,700 68, 500
St. George 17 63 57,800 70, 700 128, 500
N avarin Basin 18 57 54, 700 66, 800 121, 500
Norton Sound 19 33 39, 400 48, 100 87,500
Hope b 9 11, 500 14, 000 25,500
Barro W b 16 16, 200 19, 800 36, 000
Diapir 45 83 96, 500 118, 000 214,500

Totals 132 300 321, 300 392, 700 714,000

“Based on a discharge of 900 metric tons (M) drilling fluids and 1100 M T cuttings
per exploration well and 25 percent less of each per production w en.
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Several field studies have show n that drilling fluids discharged to the ocean
are diluted rapidly to very 10 w concentrations, usually within 1,000 to 2,000 m down-
current fro mthe discharge pipe and within 0.1 to 4 hours of discharge (Figure 1.8 from
Ayers et al., 1980b; Eco mar, 1978, 1983; Houghton et al., 1980; Northern Techni cal
Services, 1983). Quite frequently, dilutions of 1,000-fold or nore are encountered within
a short tinme and distance of discharge. (Figure 1.9).

The distance fro man exploratory platformto which drilling fluid solids are
di spersed and their concentration in bottom sediments depends on the types and quantities
of drilling fluids discharged, hydrographic conditions at the time of discharge, and height
above the bottom at which discharges are made (Gettleson and Laird, 1980). Because
barite (bariu msulfate) is a nmajor ingredient of many drilling fluids used on the U.3. outer
continental shelf and is both very dense and insoluble in seawater, bariumfrequently is
used as a marker for the settleable fraction of driling fluid. In several investigations
performed to date, the barium concentration in bottom sedinents was highest near the rig
and decreased markedly with distance from the rig (Dames and Moore, 1978; Crippen et
al ., 1980; Gettleson and Laird, 1980; Meek and Ray, 1980; Trocine et al, 1981, Northern
Technical Services, 1981, 1982, 1983; Bothner et al., 1982, 1983, EG& G Environmental
Consul tants, 1982; Boothe and Presley, 1983). Barium concentrations may reach
concentrations 10 to 20 times above background in sedim ents near the discharge.
Concentrations of barium in surficial sediments of 5,000 mg/kg have been reported near
an exploratory rig site (Trefry et al., 1983; Troci ne and Trefry, 1983), conpared to a
normal background of 200 to 300 ng Baskg in sedinents fro mthe area. Barium
concentrations in excess of 40,000 pp m above background have been reported in surficial
sediments within about 100 mof the discharge fro ma nultiple-well devel opnent platform
inthe Qul f of Mexico (Petrazzuolo, 1983). Usually the increnment in bariu m concentration
is restricted primarily to the upper few centineters of the sedinments. In nost cases,
there IS a Steep gradient of decreasing barium concentration in surficial sediments with
| ateral distance to background concentrations 1,000 to 1,500 m do wn-current of the
discharge petit.

Ot her drilling nud- associ ated metal s are much |ess elevated than bariumin
bottom sedinments near the rig. Visible accunulations on the bottom of drilling
di scharges, prim arily drill cuttings, have been reported near drilling rigs in the Qulf of
M exico (Zingula, 1975), of fshore southern California (Basco met al, 1976), on the mid-
Atlantic outer continental shelf (E G & G Environnental Consultants, 1982), and the
B eaufort Sea (Northern T ethnical Services, 198 1), but not on G eorges Bank
(Battelle/W. H.0.L, 1983, 1984) or Cook Inlet, Al aska (Dames and More, 1978). These
cuttings piles may be as much as a few meters high and 100 to 200 min diameter. In non-
depositional and hi gh-energy environments, accumul ations of drilling fluid and cuttings
solids are dispersed fromtheir deposition site by current-induced resuspension, bed
transport and bioturbation (National A cade my of Sciences, 1983). Bothner et al, (1983)
estimated the half-tire e for wash-out of barite fro msedinents near an exploratory rig on
G eorges Bank to be about 0.4 years.

In the shall ow Beaufort Sea, drilling fluids and cuttings may be discharged by
above-ice or bel owice disposal (Northern Technical Services 1981, 1982). In either case,
because of the shallo w water, nud and cuttings will tend to settle initially on the bottom
inthe vicinity of the disposal site. It is generally agreed now, that because of their
relatively 10 w acute toxicity, “drilling fluidswillhave |ittle adverse im pact on water
col um organi sns (Auble et al,, 1983; Neff, 1982; Petrazzuolo, 1983). Acute and long-
terminpacts of nud and cuttings discharges will tend to be restricted to the benthos in
areas where significant amounts of nud and cuttings accumul ate on the bottom Inpacts
may be due to outright burial, chemcal toxicity of the nmud or cuttings, or a change in the
texture and grain size of the sedinents.

Benthic com munities in the vicinity of a C. 0.8.7. well in lower Cook Inlet,
Al aska were studied before, during and after drilling (Da mes and More, 1978; Lees and
Hought on, 1980; Houghton et al., 1981). The well was located in 62 mof water in a
dynam ¢ high-energy environ ment characterized by 4to smtides and tidal currents in the
range of 42 to 104 ¢ msee. Drill cuttings and elevated levels of barium were not detected
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in sediments near the rig. Sonme changes in benthic conmunities were observed near the
drilling rig during drilling. How ever, the investigators had difficulty in relocating and
resa mpling stations established during the predrilling survey. Because of this and because
of extre me patchiness and seasonality of the benthic fauna in the area, the investigators
were unable to denonstrate a statistically significant inpact that could be attributed to
drilling discharges. Pink salmon fry, shrinp and hermt crabs were suspended in |ive
boxes at 100, 200, and 1,000 m downcurrent from the drilling fluid discharge. After four
days, there were no mortalities or sublethal effects that could be attributed to the mud
di scharge plum e.

Crippen et al. ( 1980) studied the effects of exploratory drilling froman
artificial gravel island on benthic fauna of the Canadian Beaufort Sea. Dredging to obtain
m aterials for construction of the island and subsequent erosion of the island caused
changes in |ocal hydrographic conditions, and increased suspended sedinent |oads and
rates of sedinentation such that it was not possible to distinguish effects of drilling fluid
discharges fro mthose resulting fro misland construction.

Crippen et al (1980) also measured concentrations of metals in drilling f[uids,
sedinents and benthic anim als fro mthe drilling site. Several netals, including nercury,
lead, zinc, cad mu m and arsenic were present at elevated levels in the drilling fluids due
to use of an inpure grade of barite. Concentrations of these m etals, as well as barium
increased in sediments near the rig during drilling. However, no correlation was detected
bet we en the concentrations of these metals in the sedim ents and their concentrations in
tissues of benthic animals fromthe ste.

Mre recently, Northern Technical Services (198 1) investigated the effects of
above-ice and belowice disposal of drilling fluids and cuttings on the near-shore benthos
of the US. Beaufort Sea off Prudhoe Bay, Alaska. Experim ental and reference sites were
located in 5 to 8 mof water. The maxi mum anount of material collecting on the bottom
im mediately after both types of test discharges of drilling fluid and cuttings ranged from
1to6 cm Analyses of grain size and m etals concentrations in bottom sedinents
indicated that the drilling fluids and cuttings were swept out of the area rapidly.
abundance of some species of benthic animals changed in the 3 to6nmonths after the
experim ental discharges. In particular, the nu mhers of polychaete worns and
harpacticoi d copepods decreased at a discharge site in conparison to a nearby reference
site. How ever, sediment grain size was different at experinental and reference sites and
may have been the msin factor responsible for the observed differences in seasonal
popul ation fluctuations.

A m phipods and bivalve m olluses were placed in live boxes or trays near the
di scharge sites before the discharge for up to 8odays after the discharge. The am phi pods
suffered few nortalities. Mre molluses died or were missing in the tray fro mthe
discharge site than in trays fro ma reference site. However, the experinental tray had
been disturbed, possibly contributing to the differences.

Concentrations of nost m etals were higher in animals fromthe reference sites
than in those fro mthe disposal sites. Polychaete tubes and m acroalgae, Eunephyta
rubrifor mis, fro m the disposal sites contained elevated |evels of barium How ever, these
values Were obtained by atom c absorption spectro metry and may not be reliable. The
m acroalgae also had a slightly elevated concentration of copper in their tissues.

There have been several |aboratory investigations of the bicavailability of
netal s fro m drilling fluids (Neff, 1982; Petrazzuolo, 1983; National Acadeny of Sciences,
1983). Several of these studies have denonstrated a statistically significant accunulation
of bariumand chromum and an indication of a slight accunul ation of copper, cadm um
and lead in several species of m arine invertebrates. In all cases, the magnitude of m etal
bioaccu m ulation was smal | .
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1.5.2 Produced Water

Produced water is fossit (connate) water that is trapped in the reservoir wth
the fossil. fuel, or water that has |eaked or been punped into the formation during drilling
or production. The produced water is punped to the surface with the oil and gas, and
nust be separated romthe hydrocarbons before they are processed further. Some wells
generate no produced water at al; others may generate 90 percent produced water and 10
percent fossit fuel. In Cook Inlet, Al aska sone of the oil, gas, and water produced
offshore is piped to onshore production facilities at Trading Bay and Kens-i where oil and
water are separated (Table 1.6). The Trading Bay facility generates 10.65 million |iters
(67,000 barrels) of oil and 9.86 milion |iters (62,000 barrels) of Froduced water which are
di scharged to the Inlet each day. Discharges from production platforns in the Gulf of
Mexico generally are less than 1.59 million liters (10,000 barrels) per day (Menzie, 1982).

Produced water usually, but not always, is a saline brine with total dissolved
solids concentrations up to about 10 times that of seawater (300 ppt salinity). The mgjor
inorganic ions present are the same as those in seawater. In addition, produced water may
contain elevated levels of several heavy netals (Table 1.7) and slightly water-soluble 10 w
nol ecul ar wei ght aliphatic and aromatic hydrocarbons (Table 1.8).

Dilution of produced water upon discharge to the ocean is very rapid, the
actual rate being dependent upon such factors as total dissolved solids concentration of
the produced water, current speed, vertical convective mxing of the water colu mn and
water depth (Figure 1.1 O. Based on a nodel devel oped by the Massachusetts Institute of
T ethnology, it was estimated that saturated brine (about 320 ppt salinity) fro mthe Bryan
Mund Strategic Petrol eum Reserve salt dome would be diluted to within 5 ppt of a mbient
sea water salinity within 30 mof the discharge point (Federal Energy A d ministration,
1977). In Trinity Bay, Texas, a shallow estuary physiographically somewhat simlar to the
near-shore Beaufort Sea, total resolved hydrocarbon concentrations in produced w ater
were diluted by 2,400-fold within 15 mdown-current of the discharge pipe located 1 m
above the bottomin 2 to 3mof water (Armstrong et cl., 1979). Crude oil tanker ballast
water (with a hydrocarbon co mposition simlar to that of produced water) discharged to
Valdez Harbor from the Valdez ballast treatment facility (Lysyj et alL, 1981) or to the Red
Sea at Yanbu, Saudi Arabia fro mcrude oil tankers (Neff et al., 1983), was diluted 500-fold
or nmore within 150 mof the discharge and 1,000 to 3,000 fold within 500 to 1,000 m of the
di schar ge.

Where suspended sediment concentrations are high, as in the Beaufort Sea,
di ssolved and col | oidal hydrocarbons and netals fro m produced water tend to become
absorbed to suspended particles and settle to the bottom (Figure 1.1 1). In Trinity Bay,
Texas, sedinents 15 m down-current fro m a produced water discharge, contained high
concentrations of C 10-C 28 alkanes and aromatic hydrocarbons fro m C 3-benzenes to C 3-
phenant hrenes (Armstrong et al., 1979). A gradient of decreasing sedinent naphthal ene
concentrations extended away fro mthe discharge in all directions for up to 5000 mof the
discharge. In deeper water, nore typical of OC S drilling activities, elevated |evels of
hydrocarbons are restricted to a much smaller area of the bottomor are not detected at
all, In the Buccaneer Field, located in about 20 mof water, elevated |evels of n-alkanes
were detected in surficial sediments within a radius of about 15 to 20 m of the discharge
(Middlediteh, 1981). How ever, sedinent resuspension and transport resulted in rapid
changes in sedinent hydrocarbon concentrations on alm ost a daily basis.

El evated levels of barium cadmum chromum copper, lead, strontium and
zinc have been detected in surficial sedinents in the vicinity of production platforms in
the northwest Qulf of Mexico (Tillery and Thomas, 1980; Wheeler et al., 1980). These
netal s may be derived fro m discharge of drilling fluids and produced water, and by
corrosion or leaching of subnerged rig structures, antifouling paints, and sacrificial
anodes. The magnitude of elevation in the concentration of metals other than bariumin
sedim ents usual ly is small.

Produced waters have also been shown to contain significant levels of
radionuclides, from geol ogi cal strata in the formation, in particular 226 Ra and 228 Ra and
are directly related to salinity values of produced waters. These levels are generally
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Table 1.6  OrganicCom position of Produced Water Effiuents fro m Al aska’.

Trading Bayb KenaiC Cook Inletd
Final Effluent Final Effluent Offshore Pl atform
Par anet er Cone. ¥ Red. Cone. % Red Cone. % Red.
Total Oganic Load 188
m CL 435 288 47
Suspended Petrol eum 5.3 1.2 14 93 36 91
m CL
Di ssol ved Non-Volatile 141 -
m CL 423 97 264 22
Vol atile Hydrocarbons 11 65
mg C/ L 6.5 1.6 10 40
V olatile Aliphatics
mglL 1.5 1.0 38 0.8 91
Vol atile Aromatics 6.1 - 10.2 40 11.3 55

mg/L

From Lysyj et al. (1981)

Onshore processing of 4 offshore platforns
0 131,000 bbt total fluids per day

0 62,000 bbl produced water per day

o

¢ Onshore processing of 30 offshore platforms
0 21,000 bty total. fluids per day
0 8,000 bbl produced water per day

d Single offshore platform

« 13,000 bbl total fluids per day
0 11,000 bbl produced water per day
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Table 1.7  Concentration Ranges of Metals in Sea water and in Produced Waters
Discharged to the Gulf of Mexico. Concentrations are in pg/kg (parts per
Concentration Concentration
Met al in Sea water2 in Produced waterb
Ant i mony 0.5 0.061
Arsenic 3.0 0.32
Barium 10 - 63 6.4 - 3,500
B erylliu m 0.0005 0.25 - 2.7
Cadm um 0.11 0.057 - 32
Chrom um 0.13- 0.25 0.83 - 260
Copper 0.5 - 3.5 0.55 - 120
[ron 1.7 - 150 260 - 2,900
Lead 0.6 - 1.5 0.78 - 760
Manganese 0.1 - 8.0 0.84 - 4.3
Mercury 0.15- 0.27 0.16 - 0.4
Ni ckel 2.0 0.35 - 1,200
Silver 0. 145 0.028 - 110
Strontium 8, 000 230 - 71,000
Thallium 0.0 0.33
zinc 1.5- 10 15 - 610

a From Col dberg (1963 %r;d Hood (1963)

b From Middlediten (19
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Tabl e 1.8 Concentrations of Sel ect ed Petroleu m H ydroearbons i n Produced Water
Ef fluents Fro mthe Buccaneer Platform in the Northwest Guif of Mexico.

Concentrations are in pghiter (parts per billion)

Co m pound

Fro m Middlediteh (1981)

From Sauer (1981)

Aromatic Hydrocarbons

Benzene

Toluene

Et hyl benzene

m p- & o-xylenes
Total C 3-Benzenes
Cy~Benzenes

C 5-Benzenes
Cg~Benzenes

C 7-Benzenes
Cg~Benzenes

C g-Benzenes

C 1 g-Benzenes

C 1 1-Benzenes

N aphthalene

M et hyl napht hal enes

C 2-N apht hal enes

C 3- N aphthalenes

C 4 & C 5-N aphthalenes
Biphenyl or A cenapht hene
C 1 & C ,-Biphenyls

Alkanes

C1-Cq3
C ycloaikanes
Alkenes

Ciy- C29

Total Aromatics Measured
Total Alkanes Measured
Total. C yecloalkanes Measured
Total Alkenes Measured

Total Hydrocarbons Measured

6100
5460
1200

[N ]

P oworsrrpOoroooioN

[EE
~
N

10.4
4.3
0.9
2.8
2.9

3120
2580

580
1476

12,860
4,596
2,580

580

20,616

£EE-55S

H
~
o

SEEEED

= W
o R
2285
[N e)

16, 070
3,170
1,060

20,300

N A, Not Anslyzed.
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hi gher than anbient sea water values. Depending on dilution rates of produced water and
the levels in produced water. These radionuclides may be potentially sorbed and
sedim ented and/or bicaccu m ulated by m arine organi sns.

The very limted infer mation available suggests that produced water has a 10 w
acute and chronic toxicity to marine aninmals (N eff, 1984). There have been no published
reports of bioaccu mwulation of metals fro m produced water by marine animals. C ams
R angia cuneata placed in trays on the bottom near the produced water outfall of a
separator platformin Trinity Bay, Texas accu m ulated aromatic hydrocarbons to high
concentrations (Fucik et al., 1977). Wen placed in clean seawater in the |aboratory, the
clams released the accunul ated hydrocarbons rapidly. Barnacles, shrinp, sone benthic
organi sms and several species of fish fromthe vicinity of the Buccaneer production
platfor min the northwest Gulf of Mexico contained slightly elevated |evels of n-alkanes,
so me of which were identified as petrogenic and may have been derived in part from
produced water (Middlediteh, 1981).

1.5.3 0il Spins

Accidental oil spills can occur any time during exploration for and
develop ment of offshore oil and gas reserves in the Beaufort Sea, though the danger of
such an event increases as the field comes into production, and |arge vol umes of crude oil
nust be stored and then transported out of the area. During exploration and devel opment,
significant volumes of diesel fuel and petrol eumbased |ubricants are stored on-board the
drilling platformor island for operation of diesel engines and other machinery. Small
spills of these m aterials can occur during normal supply, storage, transfer and usage
operations. Such spills rarely involve more than one or a few barrels of oil. Any spillage
on the drill floor is collected by the deck drainage system and passed through an oil-water
separator before discharge.

During develop m ent drilling or production, spills of crude oil can occur. Vel
bl owouts or pipeline breaks are the nost |ikely causes of major spills. If ice breaker
tankers are used to transport crude oil to refineries, then spills associated with ballast or
bilge water discharges or tanker accidents would be another inportant potential source of
oi | Spin.

The chemcal co mposition of crude oils fro mdifferent producing regions or
even different production zones in a single well can vary tremendously. Crude petrol eum
and nost refined petroleum products are extremely conplex mixtures of many thousands
of organic co m pounds. Hydrocarbons (co m pounds containing only hydrogen and carbon)
are the nost abundant accounting for 50 to 98 percent of the weight of the oil (Speers and
Wi t ehead, 1969;C ark and Brown, 1977). The remainder is made wp primarily of various
sul fur, oxygen and nitrogen-containing organic co mpounds and s mall anounts of several
netals (V, N, Fe, Al, Na, Ca, Cu, and U).

Petrol eum contains a significant fraction (O to 20 percent) of higher molecul ar
weight material (1,000 to 10,000) consisting of both hydrocarbon and N SO co m pounds
cal | ed asphaltenes, These co m pounds, consisting of 10 to 20 fused rings wth aliphatic and
naphthenic Side chains, contribute significantly to the properties of petroleumin
geoche mical formations and in spill situations as well (e.g., related to em ulsification
“behavi or).

Vanadi um and nickel are the nost abundant netallic constituents of crude
petrol eum sonetimes reaching concentrations of thousands of parts per mllion, but nost
often 10 wer. They are present in porphyrin conplexes and as free metals as w en.

The petrol eum hydrocarbons consist of aliphatic, open-chain co m pounds,
alicyelie, ringed co m pounds, and aromatic co m pounds containing at |east one benzene
ring.

’ The nost toxic conponents of petroleum include 10 w nol ecul ar wei ght
aromatic hydrocarbons (benzene through fluorene), and related 10 w nol ecul ar wei ght
sul fur, oxygen and nitrogen heterocyclics (N eff, 1979; Neff and Anderson, 1981). Sone 4-
and 5-ring polyeyclic aromatic hydrocarbons are potent carcinogens.
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Al though spilled petrol eum nay cause severe acute effects in the water
colum (i.e., fish kls), chronic effects are nost likely to occur when oil sinks oris
transported to the bottomand is incorporated into bottom sedinents where it becomes a
| ong-term source to benthic ani mal %

Studies of several oil spills have shown that, in order for significant quantities
of oil to reach the bottom ol nust sorb to suspended sedinent and sink. The Santa
Barbara oil spill is a good exanpl e of this (Kolpack et al., 1971), where transport and
deposition of large quantities of flood runoff material occurred during the spill.. This
appears to be the major transport route of oil to the benthos, al t hough other nechanisns
can beco me significant in certain cases. Mst notably, the water colu mn to benthic
transport of oil can occur by fecal pellet transport {Boehm et al, 1982a; Johanssen et al.,
1980), by sinking due to Lang m uir circul ation, by direet Sinking of dense (cold, weathered)
oil in areas of 10 w density water (fresh water input at river mouths or near ice nelting) or
by sinking of saline brines during formation of sea ice. 0il deposition by sorption and
sinking is nore |ikely where riverine i nputs of suspended materiel (i.e., from the
Sagavanirktok, C olville and K uparuk R vers) occur and where total suspended
concentrations approxi mate 100 pp m (Figure 1.1 1. Suspended sedi ment concentrations in
the Beaufort Sea can be very high, especially during spring breakup when the riverine
overflow onto the shorefast ice mxes with seawater, or followng sum mer storms (N aidu,
1979; Northern Techni cal Services (1981 ).

Petrol eum hydrocarbon transport to nearshore subtidal sedinents may occur if
the oil beaches and the beach is subsequently exposed to seasonal erosion or ice scour.
Studies in the Canadian Arctic (Baffin Island O | Spill Progran) (Boehm et al., 1982b;
1985) and in the Anpbco Cadiz spill (Marchand and Caprais, 1981; Boehm et al, 1982¢;
Atlas et al., 1981) have shown that |arge amounts of oil (> 100 ppmin sedinents) can be
expected to inpact nearshore (subtidal sediments) if shoreline inpact is allowed to occur.

Sorbed or otherw se sedim ented oil wil tend to follow normal offshore
sedinentation patterns in which the oil will eventually be transported to 10 w energy
basins, through features or other depositional areas. This will occur unless the amount of
oil sedimented is so great that the texture of the sedinent changes, or a “tar mat” is
for med. In the TSESIS and other spills (e.g., Santa Barbara bl owout), offshore basins
served as traps of oil (Boeh met al., 1982a; Kolpack et al., 1971).

Many studies have been published concerning the biodegradation of petroleum
hydrocarbons in sedinents (see Bartha and Atlas, 1984 for a review). Gven the
availability of oxygen and nutrients, resident mcrobial populations will utilize
hydrocarbons as substrates at varying rates. Sedim ented oil was observed to be rapidly
bi odegraded in the A moco Cadiz spill (Atlas et al., 1981) and in the Tsesis spill (Boehm et
al ., 1982d), whi | e little biodegradation was evident fro mchemcal results in the IXT OC |
bl owout and Baffin |sland Experiment spill (Boehm and Fiest, 1982; Boehm 1983). Haines
and Atlas (1982) deter mned that biodegradation of petroleum proceeds slowy in Arctic
environ ments Wth significant degradation occurring only after a year or nore of
environ mental exposure.

Once buried or mxed in the sediment below the oxic zone, which may be on
the order of as little as several millim eters deep, no significant biodegradation wil
proceed due to limted oxygen availability (Ward et al., 1982). Any physical or biological
nmotions would tend to accel erate biodegradation due to inputs of oxygen. There is
evi dence that bioturbation of marine sediments enhances oxygen irrigation and, hence,
bi odegradation of oiled sediments (Cordon et al., 1978;Bartha and Atlas, 1984). Studies
exam ning the distribution of polycyelic aro matic hydrocarbons (PA H) in coastal and
of fshore sedinents (e.g., F arrington et al., 1983) suggest that P A H sources fro m
petrol eum are more readily degraded than associated P A H fro m pyrolytic inputs due to
their availability to mcrobial popul ations.

Evi dence exists (Boeh met al, 1982d; Boehm 1983) for the biodegradation of
petrol eum within the gut of arctic bivalves, ow ng probably to an indigenous concentrated
microbial popul ation within the animal. These observations were made in an area where
no chemcal evidence for biodegradation is seen outside of the animals (i.e., in the
sedinents). It is not known whether this may represent a significant renoval nechanism
of oil fro m10 wlevel oiled substrates.
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Boeh m and Fiest (1982) reported rapidly decreasing | evels of oil in the water
colum initially at 10 ppm 1 km from the blowout site to 1 ppmwth 10 km down to 0.1
ppmat 20 kmfromthe | XTOC I blowout. Lower water colum levels (100 ppb to 1 ppm
would be more typical. in acute inpact zones of blowouts of |esser dimension and which
occur at or above the sea surface {e.g., Ekofisk). McAuliffe et al. (1975) observed levels
as high as 36 ppmin the water following a blowout. Mich |ower concentrations of oil
(10 to 120 ppb) were found in the water colu m (Marchand and Caprais, 1981; Calder and
Boeh m 1982) after the A moco Cadiz spill with 10 wer quantities (1 O to 20 ppb) offshore
and 100 ppb to 1 pp min the estuaries where large quantities of oil were transported.
Those water colu mn |evels can have differing inpacts on marine biota,

Studies of transport of 0il to the offshore benthos following the IXT OC I
bl owout (Boehm and Fiest, 1981) indicate that 10 to 100 pp m coul d be found near the
massive blow out site, but little was found in offshore sediments further away. Ofshore
sediments at the A moco Cadiz spill were found to contain 30 to 220 pp m with much
greater quantities (500 to 1000 pp m) within the estuaries (M archand and Caprais, 1981,
Gundlach et al.., 1983). Mc A wiffe et al. (1975) observed oil-in-sedim ent levels on the
order to 100 pp min the vicinity of a @lf of Mexieco bl owout in areas of high
concentration of suspended sedinents. Low levels (1 to 8 ppm) of oil were found in the
sedi ments around the Ekofisk bl owout (Johnson et al., 1978). Very high values of oil in
sediments were obtained after the Santa Barbara blowout (K olpack et al., 1971).

Hydrocarbons in solution or dispersion in seawater are nuch nore bicavailable
than hydrocarbons sorbed to sedinents or detritus (N eff, 1979; Neff and Anderson, 1981;
Anderson, 1983). The bioaccu m ulation factor (concentration in tissues divided by
concentration in sediment) for aromatic hydrocarbons associated with sediments and
detritus usually is less than 1, but may be as high as 11. Bioavailability i S inversely
related to sediment organic carbon content. H o w ever, because sedinents represent by far
the nost concentrated source of hydrocarbons in the contam nated environnent,
sediments are a mjor source of chronic contamnation of benthic and de m ersal fauna in
an oil-im patted area. It appears that filter-feeding bival ves accu m date petrol eum
hydrocarbons prim arily fro mthe water colu mn, while deposit-feeding bivalves accumulate

hydrocarbons primarily fro msediments (Boehm et al., 1982a; Anderson, 1983).

1.6 Study O ganizations

The BS M P is being conducted by scientists fro m Battelle's Marine Laboratories
in D uxbury, Massachusetts and Sequim, Washington with |ogistical assistance fro m
personnel at Battelle's Anchorage office. Scientists fro mthe University of Aaska's
Marine Sciences Institute are siding in data analysis and interpretation. The progra ns
efforts are being reviewed by a Scientific Review Board. The program organi zation is
sum marized in Figure 1.12.

2. SAM PLING METHODOLOGY

2.1 Sanpl i ng Locati ons and Dates

Field sanpling for the 1984 BS M P was conduct ed during the period between
Septenmber 1 and September 17. T w enty-seven stations were visited and sa m pled. Of the
38 proposed stations, 24 were occupied and successfully sa m pled. I ce conditions
prevented sanpling of the remaining proposed stations (outermost stations and Canden
Bay site). Three new stations were occupied and sa mpled (2E 2F and 7 G.

Sam pling dates, station locations and their depths are detailed in Table 2. 1.
The Beaufort Sea Study Area with locations of all stations is shown in Figures 2.1 and 2. 2.
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station LOcat i ons,

Table 2.1 SamplingDates and Depths for Propesed and Sampled
Stations for the 1984 Beaufort Sea Monitoring Program
Sanpl i ng Dept h Posi tion
Station No. Dat e (m N Laf. W Tong.
1A not sampled 8 70001.¢' 144032.3
1B not sampled 15 70904.0' 144041.5'
IC not sampled 23 700j0.0' 145000, ('
1D not sampled b 70005.7' 145005, 6'
2A not sampled b 700015 145305, ('
2B not sampled Il 70004.0' 145010, 0'
2C not sampled 25 70010.0' 145020, ('
2D not sampled 1 70003.4 145018.0'
2E 11 Sept. 7.6 70012.8' 146011, 5
2F 12 Sept. 1.8 70010.3 146901.9'
3A 2 Sept. 6.1 70020.% 147005, 6'
3B 13 Sept. 3.7 70179 147002, 0
ic not sampled 14 70022.0 146036. 0’
4A 2 Sept. 4.3 70018.4' 147040.0'
4B 2 Sept. 7.3 70021. (' 147039.6'
4C 2 Sept. 9.1 70026.1' 147042, 6
4D not sampled 22 70035.0' 147040.0'
5Y) 14 Sept. 6.4 70025.1' 148004.9'
52) 14 Sept. 5.8 70025.4' 148°07.2
5(5) 14 Sept. 7.0 70026.0° 148016. 8’
510) 14 Sept. 8.2 70027.1" 148030. 6
5A 14 Sept. 11.6 70029.9' 148045.8'
5B 17 Sept. 16.5 70034.¢' 148°54.8'
5C not sampled 22 70035.0' 148025. ('
5D 1 Sept. 2.0 70024. 31" 148032, 9
5E 17 Sept. 19.2 70038.9' 149016, 1
hF 16 Sept. 1.5 70026.4' 148049, 2
5G 13 Sept. 9.1 70029.4' 148002, 4
6A 4 Sept. 3.0 70032.2 149956.7"
6B 4 Sept. 5.2 70033.3' 150°24.9
6C 4 Sept. 15.2 70040.3' 150°32.1
6D 5 Sept. 18.3 70044.7 150029, 2
6E not sampled 22 71000.0' 150045, 0
6F 5 Sept. 12.5 70°40.2 151012, 0/
TA 7 Sept. L5 70°37.6 152°10. 1
B 6 Sept. 5.5 70047.4' 151056, (/
1C 6 Sept. 14.3 70°54.8' 152°00. 7
D not sampled 5 70056.5' 153015, 3
TE 6 Sept. 2.1 70043,5' 152°04.2
TF not sampled 20 70010.0' 153000. ('
1G 7 Sept. 3.0 7(3039.41 151053, 7
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2.2 Sanpling Methods and Logistics

2.2.1 Field Survey Team

2211Scientific Party. The Scientific Party for the 1984 Field Season
consisted of R Eugene Ruff, WIIiam Steinhauer, and Janmes Canpbell. M. R uff served
as Field Party Chief and was responsible for the overall success of the sanpling program
In addition to coordinating all field and logistic activities, M. R uff served as the formal
|iaison between the scientific party and Battelle management staff at BNE MR L. He
maintained the ship's station log (navigation log) and chief scientist’s log throughout the
survey. M. Steinhauer collected all the sedinment and bivalve sa mpies, and was
responsible for overall integrity of the sanpling, sample storage and transfer operations.
He maintained the cast |ogs, sedinment collection logs, bivalve collection logs, and sanple
transfer for m. M. Cam pbell col | ected all hydrographic data, perforned dissol ved
oxygen analyses and maintained the hydrographic |og.

2.2.1.2 Ship's Crew. The N O A A research vessel No. 1273 was skippered by M.
Eric Gardner, a NOA A Corps Officer fro m Seattle, Washington. He was assisted by M.
Steven Pace. M. Pace has had extensive experience navigating in the Beaufort Sea and,
therefore, provided invaluable assistance in navigation and piloting the research vessel.

Preparation of the N O A A vessel was coordinated by M. George Lapienne of
the NOA A Office, Juneau, Alaska. M. Lapienne and M. G ardner perform ed pre-survey
mai ntenance, and held a shake-down cruise to assure that the vessel was sea-worthy for
the field survey.

2.2.2 Survey Vessel

N O A A 1273, the survey vessel provided by the governmentfor use on the
BS MP was a Bristol Bay gl netter, alu minu m-hulled 11 moverall length, with a 3-m
beam and o076mdraft. The vessel was pow ered by a 3208 catapillar engine With a
1900 L usable fuel tank and had a 645 km cruising range. The working deck was 2.6 m by
3.9 m and was equipped with hydraulic winch with 900 kg line pull and 615 m of 063cm
stainless steel wire, and with a hydraulic A-fra me 1.8 mwide and 2.6 m high above deck
with 1.5 m clearance over rails. The survey vessel was equipped with the foil.o wing
el ectronics:

« Radar, 386kmsea scan

« VHF narine radio

«H F radio tunable to 30VHz
« Recording depth recorder

«TRACORBRDGEST AR satellite navi gati on system

2.2.3 Navi gati on

The Tracer O m ega-2 navigation system expected to be the m sin navigational
aid for use during the cruise, was not available by the start-up date. Therefore, the
on-board satellite navigation systemwas e m plo yed to determine station |ocations. The
ship's radar, fathom eter, and dead reckoning were used to position the vessel as close as
possible to the desired station location. Then the Tracer Bridgestar SAT N A V receiver was
monitored until an accurate position could be obtained. Satellite passes were irregular in
timng, but a satisfactory reading was nearly always obtained during the period that the
station was being sa mpled. Since the vessel could be anchored at nost of the stations,
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this nethod was adequate for establishing the initial station positions and resulted in very
little lost tine.

2.2.4 Conmmuni cation

The anticipated nightly co m m unications [ink wth the B attelle Al aska
Operations office via upper side band contact with Radio Broad more in Fairbanks proved
unreliable, possibly due to electrical problems within the ship and/or disturbances in the
at nosphere.  Alternate com m unication channels were established through C olville River
Radi o and through Bill K oplin aboard the Anika Marie. Since reliable co m m unications are
difficult to maintain in the renmote Arctic environment, €O m munications needs and
require ments will be reassessed prior to the next field effort.

2.2.5 Field Data Manage nent

Shipboard data forms (Station Log, Cast Log, Sediment Sam ple Log, Bivalve
Sam ple Log, and H ydrolab Data Sheets), and Sanple Trans mittal Fornms co mprise the
nedia used for recording field operation and sanple tracking data. Carbon copies of the
forms were maintained by two of the scientific party memhers during the performante of
the survey and while sa mpies were in transit fromthe field to the |aboratory, so as to
provi de redundancy.

The Station Log contains station position and depth data, and as well as date
and length of occupation. In addition, the Station Log contains information on the type of
positioning equip ment used and anydriftinposition which may have occurred during
station occupation.

Each 10 wering of sanpling gear was recorded by station, date and tine, and
assigned a cast nunber in the Cast Log. In addition, sanpli ngi success and sanple nunber
were recorded on this form providing redundant y in sanple identification and tracking
with the Sedinent Sam ple Log and Bivalve Sanple Log. Information onsamie type (i.e.,
sedi nent chemstry or grain size, bivalve species) and replicate number were also
recorded on the two sanple logs. H ydrographic data generated by the C T D sonde, as wel |
as dissolved oxygen data, and quality control test neasurements and sa mpies (tenperature
and salinity) were recorded on the H ydrolab Data Sheet.

Each sanple collected (sediment, chemstry, grain size, bivalve, salinity, and
Q O was confirnmed and recorded on a Sanple Transmittal Form which acconpanied the
sa m pies throughout the transfer from D eadhorse, Alaska to B N E MR L. Upon return to the
lab, all sa mpies were co mpared with appropriate data fornms to validate the sanple
transfer.

2.2.6 Sanpling Bquip ment and M ethods

2.2.6.1 Sedi nent _Sanpling. Sediment sam pies were collected with a 0.1- m 2
stainless steel Kynar-coated, m odified Van Veen grab (T. Young, Sandwi ch,
Massachusetts). A second Teflon-coated grab sam pier was stored at the Prudhoe Bay
logistics center in Deadhorse, Alaska. After the grab sa mpier was deployed and retrieved,

the top centimeter of sediment was renmoved with a Teflon-coated scoop and placed into

250 ml Teflon jars. Both the grab sa mpier and the scoops were soap and water washed,
then rinsed with methanol and methylene chloride before use. Teflon jars were prepared
at BNEMRL using the followng procedure: soap and water wash, follow ed by nitric acid
soak (overnight), weak hydrochloric acid rinse, and distilled water rinse. Jars were then
rinsed with methanol and methylene chloride. A second methylene chloride rinse was
performed in the field just prior to use of the jars. Sedinment replicates were stored over
dry ice (-780 C) in polystyrene shipping containers for field storage and transfer to
BNEMRL. Each grab sanple was photographed before subsa m pling to document the
integrity of the undisturbed sedinent surface.

The field survey manual called for two chemistry replicates, co mprised of the
upper 1 ¢ mof sedinent fromeither side of the grab sa mpier, to be collected every 6nn
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(10 grabs/ hr). This sarrpling? schedul e was easily achieved at most stations. However, at
stations containing a high silt and clay content, the pace was difficult to maintain since
relatively nore time was required w ashing and preparing the grab sa m pier between
10 w erings. In addition, undisturbed sedinment surface was not always achieved at every
10 w ering. Repeat 10 w erings were nmade until acceptable replicates were obtained.

The Teflon-coated grab sa = pier and Teflon-coated scoops were Mlly
provided by Dr. Mchael Bothner, USGS, Wods Hol e, Massachusetts for use on the first
field survey. This equip m ent was restored to its original condition and returned at the end
of the survey.

2.2.6.2 Infaunal Bival ve Sanpling. Infaunal bivalves were collected with the
O I-m2 K ynar-coated stainless Steel m odified Van Veen grab. The sediment collected by
the grab was sieved for bivalves through a 5-m m Nytex screen. Seawater for washing the
sedi ment was obtained from a submersible punp (Rule 1500) fitted with Bev-a-line |ined
tubi ng. Bivalves were identified and individuals of the species of interest were pooled in
clean polyethylene jars and stored over dry ice.

Infaunal bivalve sanpling on the first field survey did not proceed as
anticipated. It was proposed that 10 stations were to be sa mpled for infaunal bivalves and
that one or two pooled sa mpies would be collected at each station. Hstorical infor mation
indi cated that infaunal bival ve popul ations were patchy, but that adequate densities
(20/grab) of target species could be encountered at selected stations. A ctual infaunal
popul ations at anl stations (including sediment stations) were nuch 10 wer than expected,
the average density at stations sa mpled was 3-4 bivalves/0. 1 m‘grab . A larger, nore
efficient w ashdo w n system is proposed for the next field survey in order to process biota
grabs more quickly.

2.2.6.3 Epifaunal Bival ve Sanpling. Epifaunal bi val ves (Arctinula
groenlandica) were collected with a mniature seni-balloon Gulf of Mexico shrinp traw
fitted With a 1-3 cm stretch nesh, uncreosoted net (M arinovich Co., Biloxi, Mississippi).
The contents of the trawl were sieved through a 5-mm Nytex screen with uncontaninated
sea water, and species of interest sorted and segregated in polytheylene jars and frozen
over dry ice.

Due to extensive ice cover in all offshore areas the boat was unable to reach
relatively deep water ( >25 m) and travel in the habitat areas of Arctinula, The field team
did travel in 18-20 mwater at Station 5B to test the sanpling nethods but insufficient
nu mhers of Arctinula were collected (4 i ndi vi dual s/5 min bottom contact tine) and a
successful sanplTng was not achieved.

2.2.6.4 H ydrographic Data. A H ydrolab series 4000 conductivity, tenperature,
di ssol ved oxygen neter was the primary instrument used in collection of hydrographic
data. Discrete sea water sa mpies were also collected With a Niskin bottle for the
deter mination of salinity (Beckman salino meter, B N W) and dissol ved oxygen ( Winkler
met hod, shorebased facility, D eadhorse, A K). Surface water tenperatures were also
taken with a bucket thernoneter.

2.2.7 Sam ple Preservation and Transfer

Al sedinent and bivalve sa m pies collected for chemcal analysis were placed
in either Teflon (sediment sa mpies) or polyethylene (Bivalve sa mpies) jars and
i m m ediately placed in coolers containing dry ice (~780C).Teflon jars were prepared as”
described in Section 2261 Polyethylene jars were prepared in the sanme nmanner but
were not rinsed with methylene chloride. This method of sanple preservation worked well
for the field program as the coolers took little room and required no maintenance. Dry
ice was routinely supplied by the B attelle Al aska office in Anchorage. For shipnment to
BNEMRL, sampies were repacked with dry ice and first skipped to Anchorage, A aska
where they were repacked with dry ice and sent on a direct flight to Boston. Upon arrival
at BNEMRL, sampies were imnediately transferred to a co mm ercial freezer and
m aintained at -200 C
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2.3 Crui se Narrative and Sanpling Lim tation

Field sanpling for the first year of the BS MP was initiated on Saturday,
September 1, 1984, frive days after contract award. A field team which included R .E.
Ruff, field party chief, W.G, Steinhauer, and J.F. Canpbell was nobilized fro mBN E MR L.
During the period of August 27 to August 31all of the necessary cruise gear and
equip ment was ordered, asse mbled, packaged, and rushed to Prudhoe Bay, Al aska for
loading aboard the N O A A research vessel. During this same period, the N O A A field staff
including CGeorge Lapienne and Lt. Eric Gardiner were in Prudhoe Bay preparing the
govern m ent-supplied boat and performng sea trials.

The first station sa mpled, 5D just outside of the lee of \West Dock, east of
Stunp Island, served as a shakedown cruise and enabled the scientific party to assess the
applicability of proposed sanpling procedures aboard the 11-m boat. Based on the
experience of the first sanpling station, the weighted sed ment grab (908 kg of steel
wei ght) was exchanged for the un w eighted grab which was then used throughout the
survey. In addition, a data station was fabricated to fit forward of the winch, a sieve
fram e was built to fit on the transom and the grab stand modified to fit between the |egs
of the hydraulic U-&me. O her than these m nor m odifications and changes the sanpling
equip ment was used as planned for the remainder of the survey.

The major problem encountered in the shakedown cruise was the size and
physical limtations of the 1 |-mresearch vessel. As a scientific platform the deck space
was adequate for all of the sanpling operations. However, deck and cabin space were
limted, and with five people aboard, the boat was quite cram peal. Due to limted deck
space, extra fuel could not be carried as anticipated. This had no effect on the 1984 field
survey. How ever, longer excursions to the east and west are anticipated during ice-free
conditions and fuel reserve may be limting in future surveys. Also, because of limted
deck space, the second grab sa mpier could not be carried on-board, but had to remain at
the N ana cam p |ogistics center. Deck space for cold storage of food and sa m pies was
also limted and barely adequate for 5-day survey legs. Careful planning for the 1985
field survey should provide an additional 0.7 to 0.11 m3 of frozen storage space to allo w
for longer duration at sea.

Since sanpling did not begin until Septe mher, the increasing presence of sea
ice throughout the Stud y Area was the major factor in determning the eventual cruise
trackline, 1ce was very nuch in evidence in all. but the shallo west stations. In general, a
heavy band of polar pack ice conpletely prevented the vessel fro mreaching the furthest
of fshore stations (Stations 6E, 4D, and 3 C). To the west across Harrison Bay this
accumul ation follow ed the 15-m contour and prevented sa m pling at the western-+ ost
stations. East of Prudhoe, it remained up against the barrier islands and i m pinged upon
the coast at Brow nlo w Point, thereby preventing passage into Cantden Bay and sanpling
at the eastern-nost stations. At times, the ship was taken into the pack ice in order to
reach a particular station location. Since the floes in the pack were constantly in motion
relative to each other, care had to be taken in order to keep the vessel fro m being pinched
or caught in the ice. This ice novement also mcant that the |eads that were followed into
the pack were not necessarily still present to follow back toward open water. Therefore,
the stations had to be conpleted early enough to allow sufficient daylight to locate
alternate paths back out of the ice. Gease ice was actively forming around the ice floes
and inside the barrier islands and, by 12 Septe mher, this new ice stretched conpletely
across the lagoon bet w een Flax man Island and the nainland. The presence of nu m erous
ice floes and newy-for med ice considerably slowed the cruise progress and made seeking
shelter behind protective barrier islands a nightly necessity. The net result was that
transit time took far longer than planned, slowng the progress of the survey.

Sam pling proceeded essentially as projected in the Battelle fiel d survey
handbook. mability to sanple at some stations due either to ice conditions or m echanical
probl ens was partially offset by sanpling three additional stations not on the original
sanpling plan. Sediment sa mpies could be quickly and efficiently collected with the
K ynar-coated m odified Van Veen grab. A total of 220 sediment sa m pies were obtained
fro n27 stations occupied between the western part of Harrison Bay and Flaxm an Island
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wthe east. The photographic documentation and the hydrographic neasurenents were
easily acco m plished at each of these stations. Bivalve m olluses were nore difficult to
locate, and occurred in very 10 w abundances at nost of the stations occupied.
Concentrations of Astarte borealis were encountered at two of the md-depth stations,
and Cyrtodaria kurriana was found at the shallo west station in G w ydyr Bay. At stations
containing a high sedinment silt-clay content the flow rate of water available from the
sub m ersible punp proved to be inadequate for washing the large volumes of sediments
necessary to obtain high nu mhers of bivalves. The abundant of fshore scallop Arctinula
groenlandica coul d not be obtained since the pack ice precluded reaching the deepest
stations. How ever, one otter tra wl sanple was taken to demonstrate that no unforeseen
probl ems mght be encountered in deploying or retrieving the net.

Several mechanical problens related to the relative newness of the vessel and
to the fact that the BS M P was essentially used as a shakedown cruise, had a direct bearing
on the results obtained. The ship's alternator failed during the cruise leg into Harrison
Bay. This problem essentially negated any options to ocupy the offshore stations in the
ice pack or to steamtoward the western-nost stations off Pitt Point. Since the ship was
limted to battery power, the enmphasis was placed on heading back toward Prudhoe Bay,
and station occupation beta me secondary in inportance. An additional full day of ecruise
time was |ost while a replacement alternator was |ocated and flown up fro m Fairbanks.
During the cruise leg to the east, a faulty relay caused the 10 w engineoil al arm to sound
inter mittently, This resulted in a reduction of cruising speed and frequent stops to check
the engine oil level, and it contributed to the decision not to try to push through the ice
pack and into Canden Bay. Qther mechanical problenms which interfered with the
progress of the cruise included a sticking co mpass, limted range on the radar,
m alfunctioning panel instruments, and the lack of proper trimon the vessel which held the
top speed down to only 8 xt. These and other mechanical and design problens were
CO mm unicated to M MS with the request to have m odifications made before the next field
“effort.

The Tracer O m ega-2 navigation system that was expected to be the main
navi gational aid for use during the cruise, was not available at the start-up date.
Therefore, the on-board satellite navigation systemwas relied upon to determne the
station |ocations.

In spite of all of the problens encountered, the first cruise of the BS M P shoul d
be rated as a success. The problenms inherent with arctic research were addressed, on-
board techniques and procedures were worked out, and val uabl e experience was obt ai ned
for planning the future field efforts. In addition, “a majority of the projected stations
were occupied and the requisite sa mpies obtained for |aboratory analysis. The overall
success of the field effort would not have been possible without the considerable efforts
of George L apienne in preparing and m aintaining the N O A A vessel, and those of Eric
G ardiner, the ship% skipper, and Steve Pace for assistance throughout the cruise.

3. ANALYTI CAL METHODOLOGY

3.1 Det ai | ed Analytical Rational e

The anal ytical strategy and specific anal ytical methodol ogi es used in the
BS M P were designed to meet the study objectives stated in Section 1.2. These objectives
were to rigorously test the four null hypothesis, Ho 1 through H o4 through appropriate
sanmpling, analytical and statistical designs. The philosophy of the analytical design was
that it must result in a set of statistically ri gorous measurenments and not merely
descriptive infer m ation,

The analytical plan for 1984 field sam pies is presented in Table 3.1 and 3.2.
The |aboratory anal yses involved the deter ninations of hydrocarbons, trace metals, grain
size and total organic carbon in sedinments, and hydrocarbons and trace metals in bivalves.
Frozen sa mpies were returned to the |aboratory and carefully split for the various
anal yses, thus creating “paired analysis” for all chemcal paraneters neasured. Gain
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Table 31

Analytical Plan for 1984 Sediment Sam ples,

No. of Stations Nunber  of
Repl i cat es

27 b
20 1(pool ed)

T 6

Grain
Size
Level 1 Level 2 Metals and TOC
ov/F G C/FID (Saturates)
GC/MS (Aromatics)
162 162 162
2 0
42
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Table 3.2

Anal ytical Plan for 1984 Bivalve Sam pies.

Number of G C-FID
Station Species Replicates UVIF G JUS Metal s

6D

Macoma 2 2 2

Astarte 4 4 4 3
SF

C yrtodaria 5 5 5

C yrtodaria 1 (pool ed) 1
3A

Astarte 5 5 5 5
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Size sa mpies were "paired" in the sense that they were taken from the same grab sa mpie,
but they were not part of the same honpbgeneous sanple split in the laboratory for

chenmical analysis.

3.1.1_Measur ed Parameters

3.1.1.1 Trace Metals. The seven elenents determned in sedinments and
bivalves included Ba, G, V, Pb, Qu, Zn, and Cd which were neasured by a conbination of
flame (FAA ) and/or graphite furnace atomic absorption (Z GF A A), inductively-coupled
plasma e m ssion spectrophoto metry (IC A P), and energy dispersive x-ray fluorescence

(X RF) (Table 3.3). As a qualitﬁ/ control check, sone concentrations were determned by
more than one method. In other instant es when initial results consisted of ™on-

detectable” val ues, sa m pies analyzed by one technique were reanal yzed using a nore
sensitive technique.

3.1.1:2 Hydrocarbons. A hierarchical analytical strategy was applied to the
anal yses of hydrocarbons in sediments and organies (Figure 3.1).The strategy_consisted of
screening large nu mhers of sa mpies by U V/Fluorescence Spectroscopy (U v/F) follo wed by
a nore detailed co m ponent-specific anal ysi s by gas chro m at ography flamei oni zation
detection (G C-FID) and gas chromatography/ mass spectro metry (G C M).

Under a given set of conditions the intensity of nolecular fluorescence is
linearly proportional to the concentration of the fluorescing material. However, the U VIF
approach is i m ited by interference characteristic of i mopurities and solvent w hich beco me
nore significant as concentration is reduced. For the BSM P sanples, UV F was used as a
first |evel method to screen for the presence of petrogenic residues and to deternine the
sem -quantitative content” of aromatic co m pounds relative to a reference oil (Prudhoe Bay
crude oil). The paraneters neasured by U V/F were fluorescence peaks at 312, 355, and
425 n m corresponding to 2-, 3-, 4- and 5-ring aromatic hydrocarbons, respectively.
Solvent and matrix interferences at 312 n m and noderate anounts of the highly
fluorescing perylene at 425 n m prevented useful and accurate quantitation at these
wavel engt hs.

Al sanple replicates were analyzed by U VIF. At each station, the replicate
extracts were pooled to yield a single sanple for nore detailed G C -FID and G C/' M
analyses. At seven selected sedinment stations and one selected bivalve station, all
individual replicates were analyzed by GC -FID and G C/MS to obtain statistical. variability
infer m ation,

The G C -FID and G C/ M5 techniques revealed the co m position of specific
saturated and aromatic hydrocarbons isolated fro mthe total extractable material by
colu m n chronatography. Results can be used to distinguish between petrogenic, marine,
and terrestrial biogenic and other anthropogenic sources when co mpared to results of
GC-FIDand GC MS of these source materials.

The anal ytical data outputs fro m G C-FID are listed in Table 34. The
concentrations of n-alkanes and isoprenoids in sedinments are reported on a dry weight
basis and, in bivalves, on a wet weight basis. Fro mthese concentrations a series of key
di agnostic parameters were calculated (Table 3.5).  The absolute concentrations of
i ndividual alkanes and isoprenoid alkanes and/or the sum of alkanes will be used to test
null hypothesis H 41 in subsequent years. The source ratios are useful in establishing the
source of the observed hydrocarbon distribution, the contributions of biogenic
hydrocarbons, and the degree to which petrol eum hydrocarbons fro m exploration or
production-rel ated discharges have been detected in the sa mpies (i.e., testing null
hypot hesi s Hg2).

Detailed analysis also included identification and quantification of polyeyclic
aro m atie hydrocarbons (PA H) by co m puter-assisted fused silica capillary gas
chromat ogr aphy/ m ass spectro m etry {G The concentrations of a series of P AH
from2 to 5 rings including parent (unsubshtuted) and alkylated co m pounds, (in particular,
the substituted naphthalenes), phenanthrenes and di benzot hi ophenes, served as useful
source indicators. These source ratios have been show n to be inportant in distinguishing
bet ween different generic residues in other study regions, and were envisioned to be
inportant in distinguishing between different generic P A H sources in the Beaufort Sea.
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Table 3.3

Anal ytical Methods Used for the Analysis of Trace Metals in Marine

Sedi nents and Bival ves.

Anal ytical Method

El enent Sedi ment s Bivalves
Ba | CAPand XRF | CAP
Cr ZGFAA ZGFAA
v ZGFAA ZGFAA
Pb ZGFAA ZGFAA
Cu FAA or ZGFAA FAA
Zn FAAor ZGFAA FAA
Cd ZGFAA ZGFAA

o1
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Sample O eanup Sample Extract

—)L UV/Fluorescence

Silicie Acid ~Qil ? Yes or No
Column Chromatography -Approximate Quantities

% L 4
Fraction 1 » < Fraction 2
Sat ur at es Aromatics

-Detail ad Compositional Information
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Complex Mixtures
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Components
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, fingerprinting

Figure 3.1 Anal ytical Scheme for Hydrocarbons in Sediments and Bivalve Tissues.
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Table 3.4 Conpounds Determned by Fused Silica Capillary Gas Chromatography.

Conpound

Revelance

1. Sat urated Hydrocarbons

n-alkanes (n-C10to n-C 34)

Isoprenoids (1380,1470,1650,1708,1810)3

2. Unresol ved Conpl ex M xture

W eathering and source indicators,
especially when ratios are derived

Weat hering indicator (marker
co mpounds as a group in lightly
weat hered sa m pies)

I'ndicator of weathered petrol eum
al though mcrobial activity can
result in formation of these

G C/FID unresol ved co m pounds.

“Were 1300 = retention index of n-C q3, 1400 = retention index of n-C qy,

1800=retention index of n-C 4g.
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Table 3.5 Key Diagnostic Paraneters Determined by Fused Silica Capillary Gas

Chro m atography.

Vari abl e Abbreviation Units
Sum of n-al kanes, C 1 0~C34 TALK ug/g
Sum of n-alkanes, C 1 ¢~C 2p LALK ug/'g
Sum of isoprenoids, 1380 + 1470 + 1650 + IS0 Hg/g
1708+ 1810
Sum of n-alkanes, C 14-C 18 ALK #glg
Isoprenoid, 1708 (Pristane) P RIS Lalg
Isoprenoid, 1810 (Phytane) PHY ©alg
TALK/ TOC? ug/mg TOC
TALK/% SILT
LA LK/ TALK
ISO/ALK

*T OC = Total Organic Carbon
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The aromatic co m pounds reported fromthe G CMS anal yses and used to test
the four null hypotheses are listed in Table 3.6. Aromatic parameter ratios (e.g., Table
3.7), which are extre mely useful for examning the nature of the observed aromatic
co m position (testing of H2 and Hyh), were al so conputed.

3.1.1.3 Gain Size and TOC. In addition to the netal and hydrocarbon
paraneters neasured, each sediment sanple was also anal yzed for sedinent grain size
and total organic carbon (TO C) content. The analysis of sediment sa mpies for sand, silt
and clay content was based on a rapid wet-sieving procedure. Further division of the siit
and clay fractions into phi classes was acconplished by the pipet method (Plumb, 1981).
T O C analysis was performed by high tenperature combustion. T O C and grain size data
are paired with metals and hydrocarbon data for inclusion in the geoche m ical data set.

3.1.2Pool i ng Strategy and Selection of Sa m ples

The statistical design of the analytical program called for the random
selection of sedimentreplicates and the pooling of bivalve specinmens to meet the study
objectives.  Frozen sa mpies were returned to the laboratory and carefully split or
co mposited for the various analyses (Tables 3.1 and 3.2), creating statistically paired
anal yses for parameters of interest.

3.1.2.1 Sedi nent _Sanpl es. Six of the eight sediment replicate sa mpies
collected at each of the 27 stations were selected at random for che mical analysis.
Sam pies were thaw ed and careful |y honogeni zed under controlled |aboratory conditions.
Jars containing thawed sediments wereshaken by hand until overlying water was
incorporated into sedinent. Then, in a laminar flow hood, the jars were opened and the
contents stirred until. the sedinent appeared well mxed. The homogeni zed sedinment was
split into subsa m pies for replicate analyses of netals, U VIF hydrocarbons and T O C, and
for archival (for possible future analyses). Based on results of the U V/F analysis, seven
stations were selected for conplete hydrocarbon characterization by GC-FID and G U M.
At the remaining 20 stations, one-half of each of the six replicate extracts were
conbined to create one pooled station extract. The remainder of each extract was
archi ved.

The selection of stations for individual replicate hydrocarbon analysis was
based on a requirenment that broad areal coverage was desired and that, in general, the
mean U V/ F determ ned hydrocarbon concentration at these stations was simlar.
A dditionally, replicates were chosen for individual analyses at a station with relatively
hi gh hydrocarbon concentrations and at a station with 10 w concentrations.

3.1.2.2 Bivalve Sam pies. Bi val ve specim ens, fro m each station where
sanpling was successful, were pooled in the field to create one sa mpie. Upon return to
the ‘laboratory, this pooled sanple was partially thaw ed and split into subsa mpies for
netal s and hydrocarbon analyses. In general, five tines as many individuals were
reserved for hydrocarbon analysis as were needed for m etals analysis (Figure 32).The
subsa m pies were further split into random replicates for chemcal analysis. For the
extremely smal| Cyrtodaria species, individual organis ms were pooled to create a tissue
sanple which was then split by weight. For the larger species, nu m hers of individual
organisms were recorded along with wet weight in each pooled sa mpie. Subsa m pling for

metal s analysis was performed under a |a minar flow hood at Battelle-N orth w est Marine
Research Laboratory (B N W). Subsa mpling for analysis of hydrocarbons was performed at
Battelle-Ne w Engl and M arine Research Laboratory (B NE MR L).

Thirteen individual replicate sa m pies, including poolings of Astarte and
Cyrtodaria, were analyzed for the suite of m etals (Table 3.2) Sixteen replicate sanples,
Including the species A starte, C yrt odaria, and M aco ma, were analyzed for hydrocarbons
by Uv/F. (One set of replicates was pooled tor detailed G C -FID and G ¢/ MS analysis
(Table 3.2).
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Table 3.6 Aromatic Hydrocarbons and Heterocyclies Quantified Using H gh R esolution
Capi | lary Gas Chro matograhy/Mass Spectro m etry.

CO HP OUND | DENTI FI CATI ON AND

me | ON SEARCH ABBREVI ATI ON
128 Napht hal ene (CON )
142 Methyl Napht hal enes (C 1 N)
156 C 2 Naphthalenes (C 2 N
170 C3 Naphthalenes (C 3 N)
184 C 4 Naphthalenes (C 4 N)
152 A cenaphthene (AC E)
154 Biphenyl (B P HN)
166 Fluorene (FL O R
180 Met hyl Fluorenes (C 1 F)
194 C , Fluorenes (C 2F)
208 C 3 Fluorenes (C 3F)
178 Phenant hrene, A nthracene (P HE N)
192 Met hyl Phenanthrenes, Anthracenes ( C 1 P)
206 C2Phenanthrenes, A nthracenes (C 2P)
220 C 5 Phenanthrenes (C 3P)
234 C i Phenant hrenes (C 4P )
202 Fluoranthene, Pyrene (FL AN, PYRN)
216 Methyl Fluoranthene or Methyl Pyrene (C 1P Y R)
228 Chrysene, Benzo(a)anthracene (CHR Y, B A A
242 Met hyl Chrysene (C 1 Q)
256 C2 Chrysenes (CoC)
252 Benzo(a) pyrene, Benzo(e)pyrene, Benzofl uoranthene,
Perylene (BAP, BEP, BFA, PERY)
184 Di benzot hi ophene (D BT)
198 Met hyl Di benzot hi ophenes (C DB T)
212 C 2 Dibenzothi ophenes (C 2 D B)
226 C 3 Dibenzot hi ophenes (C 3 D BT)
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Table 37 Key Diagnostic Param eters D etermined by G C/MS and Used for Statistical
Anal ysi s.
Definition of

Variabl e Abbrevi ation Units
Naphthalene series (CoN + C¢N + C2N + N Lg/g
C3N + &N
Fluorene series (FLO R+ C¢F + C2F + F T2
C3F)
Phenanthrene series (P HEN + C 4P + C2P + P Lg’g
C3P + CyP)
Dibenzothiophene series (D BT + D -94:4
C1DBT + C2DBT + C3DBT)
4- and 5-ringed Polynuclear 4-, 5-PA H ug/g
Aromatic Hydrocarbons (F LAN + PYEN +
BAA + CHRY + BFA + BAP + BEP + PERY)
(N+ F+ P4D) / (N+ F+ P+ D+li-, 5-P AH) FFPI
(N+ F+4P+D) / TO C A1TQC vg/mg TOC
(N+ F+ P+ D+, 5-PA H)/ TOC ATTOC ug/mg TOC
(N+ F+P+D) | % sILT Al SILT
(N+ F+ P+ Dalley 5-p aH) [ % SILT ATSILT
(N+ F+P+D) / % QA Al CLAY
(N+ F+ P+ D+l-, 5-P AH) / % CLAY AT CLAY
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Sediment

No.1 No.? No.3 No.4 No.5

No.6| |No.7| |No.8| Replicates
at Each

Station

(250q)

Each of Six
Randomly Chosen
Sedi ment Replicates

| - Thawed
2-Homogenized w/Teflon Utensils

{ 'y

+ +

| 00g 20 I og | oog 209
Hydrocar bons Metal s Toc Archi ved Freeze Dried
and Archived
Pool ed
Bival ve Sanple
Species 1

| -Keep Frozen _
2-Create-2-5 Replicates
of Pooled Animals

|

Six to Eight
Replicates for
Hydr ocar bons

2-10g W\t
Wi ght Each

;

- Randonl y Select Four
for Initial Analysis
- Archive Remaining
Replicates

Y

Six to Eight
Replicates for
Trace Metals

29 et
Wi ght Each

'

-Random y Sel ect Four
for Initial Analysis
- Archive Remai ning
Replicates

Figure 3.2 Laboratory Sanple Splitting Procedure
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3.2 Anal ytical Chemistry Of Metals

3.2.1 Methods and Materials

The anal yses for trace metals in both marine sediments and bivalve tissues
were carried out by the BN W  Concentrations were deter mned for the follow ng
el ements: Ba, Cd, Cr, Cu, Pb, V, and Zn. The various procedures e mployed in each of the
anal yses are sum marized in Table 3.8 and detailed bel ow.

Aliquots of sediment were received frozen and stored at =-20° C until freeze
dried to constant weight in a Virtis freeze-dryer. The dry sediment was ground in a Spex
ceramic ball mill. Sedi ments which contained gravel were sieved through a 2-m m nylon
screen to renove gravel before grinding.

Two digestion procedures were used to totally dissolve sedinment. Sedinents
were prepared for analysis by IC A P (Applied Research Laboratory Mdel 3560) by
digesting 0.25 g of dry ground sediment in a Teflon vial with 2 m of aqua regia and 6
of hydroflucric acid. The vial was sealed with a screw cap and heated for 2 hrs on a hot
plate at 80-90° C. A fter cooling, the contents were transferred to polystyrene containers,
3 g of ultra-pure boric acid added, and diluted to 50 m1 with double deionized water.

For Z GF A A Perkin El mer Mbdel 5000 analysis, sediments were digested by
adding 7 m of hydrochloric acid to 0.1 g of sediment in a 15-nl Teflon vial. The vial was
seal ed and heated in an 80-90"C water bath for 1 hr. After cooling, 3 m of nitric acid
was added and the heating procedure repeated. After cooling, 0.5 m 1 hydrofluoric acid
was added, the vial sealed and heated again for 1 hr. at 80-90° C. After cooling, the
di gestate was transferred to a polystyrene container and diluted to 50 mi with double
dei oni zed water.

Bival ves were received frozen and stored at -20° C until thawed for dissection.
The bivalves were cleaned of foreign matter using Teflon forceps fol lowed by rinsing in
doubl e deionized water. For each tissue sa m pie, 5-10 individual bivalves of the sanme
species were rem oved fromtheir shells using Teflon forceps and a titanium knife. The
pool ed tissue was placed in an acid-cleaned, pre weighed plastic jar, the wet weight
recorded, and the tissue freeze dried, to constant weight. After recording the tissue dry
wei ght, the dry tissue was ground to powder in an all-plastic Spec 8000 bal| mwil

T wo digestion procedures were used to totally dissolve tissue. Tissues were
prepared for Z GF A A analysis by digesting a mixture of of 0.25 g dry tissue and 5 m nitric
acid in a Teflon screwtop vial. The contents of the vial were digested (unsealed) for 8 hr.
at 130° C.  After cooling, 1 nm hydrofluoric acid was added, cap sealed and heated for 2
hr, and the solution evaporated to near dryness. The sanple was further diluted to 25 ni
wi th doubl e deionized water and acidified wth 25 gl of nitric acid.

For IC A P analysis, tissue was digested by adding 5 m of reagent grade nitric
acid to 0.25 g tissue and heating 8 hr at 1300C, followed by overnight heating at 800 Cin
a loosely capped Teflon vial. After cooling, 1 m hydrofluoric aci d was added and the
sealed vial heated for 2 hr at 80-900 C. The sanple was again cooled, transferred to a
pol yethyl ene bottle and diluted to 25 m with double deionized water.

Approxim ately 10$ of the sedinents was analyzed for Ba by X R F to verify the
data obtained by the IC A P nethod. In addition, some sedinent sa mpies werealso
anal yzed for Cu, Pb, and zn by X RF. Sediments were prepared for X R F by pressing 0.5 g
of po wdered sanple into a 25-m m diameter pellet. A gadoliniu m secondary target was
used for excitation of Ba and a zirconium secondary target was used for Cu, Pb, and Zn.
The analysis was performed on a Kevex spectroneter and the data reduced nethods
described by Nielson (1977).

3.2.2 Quality Control Methods

The Q C activities involved with the analyses of sedinent and bivalve tissue
included the following procedures:

Prior to analysis of environnental. sa mpies, |ab ware and reagent bl anks were
analyzed in triplicate for each lot to determine that blanks were acceptable.
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tatle 3. 8

Summary of Apalytical Conditions f Or Metalafn Sedi MENtS and Tisues

Klement

Instru = ent

pps (dry weight)

Instrum ent Detection

Coandition Limit

Procedural
Rlank

Ba

Cd

cr

cu

Pb

Ph

Zn

Zn

Ba

Cr

Pb

| CAP

XRF

ZGFARA

ICAP

ICAP

XRF

XRF

ZGFAA

ICAP

ICAP

XRF

ICAP
ICAP
ICAP
ICAP

ZGFAA

ZGFAA

ZGFAA

Sediment

493. 41 naist order 0.4
(Forward Power) FP 2.3 Kw
observation height 20 m m

nebulizer flow 2.5 0 Umi.n

Tungsten tube 70 kv, 20 ma 5
gadoliniu 0 secondary source
counting time 3000 sec

Pyrolytic tube 0.04
NHyHaPOy matrix 10 ¢1

228.8 nm, it 0.7 na

hollow cathode lamp 4 ma

gas 50 O I/mti 80 &

1409¢ dry 250 &500°C

ash 15000 ato mization

26000 clean

266. 72 3rd order 1.2
FP 1,2 K w observation

height 20 o m nebulizer flow

2.5 n¥min

324.75 2nd order FP12K w 0.9
Observation height 20 cm
Nebulizer flow 2. 5 al/min

Tungsten tube 40 KV, 20 ma 0.5
zireonium secondary source
counting time 3000 sec

Tungsten tube 40 Kv, 20 ma 0.5
zirconium secondary source
counting time 3000 sec

Pyrolytic tube NHyH POy 0.3
matrix 10 ¢1283.3 nm,

slit 0.7 nam electrodeless

discharge lamp 10 W gas

50ai/min 80 andisgocary

250 and 8009Cash 21000C
atomization 2600c clean

292,40 2nd order 0.4
FP12 Kw

observation height 20 m m

nebulizer flow 2.5 m¥/min

213.86 3rd order 6.0
FP12Kw

observation height 20 m m

nebulizer flow 2.5 [J Umin

Tungsten tube 40 Kv, 20 0 a 0.5
zirconiu m secondary source
counting time 3000 sec

Iissue
Same as for sediment 0.01
Same as for sediment 0.5
Same as for sediment 1.2
Same as for sediment- 0.1

same as for sediment 0.04
except gas flow 200 ml/ min
250 and 600C ash

Pyrolytic tube 0.04
357.9 nm, gy, 0.7 nm.

hollow cathode lamp250a

gas flow zero 80 and 140°C

dry 250 and 1300°C ash

23009C atomization

26009C clear

Same as for sediment 0.06
except gas flow zero
250 and 750°c ash

2000°C atomization

1.8

0.1

9.1

0.9

1.4

u.s8

0.5
11
1.0

0.7

0.5
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Procedural blanks were run through the entire analytical process to recognize
any unusual contamnation, to establish a blank value to be subtracted fro m sanple
results, and to determne detection limts. Five procedural blanks were run with every
batch of sa m pies.

The detection limt for each ele ment in both sediment and tissue was defined
as two tmesthe standard deviation of the background signal for the procedural bl anks.

Standard reference m aterials (sedinent MESS-1 and oyster tissue NBS-S R M
1566) were anal yzed along with each batch of sa mpies to verify accuracy and precision of
the analytical results. At least one S R Muas analyzed for every 20 sa m pies.

The precision of each analytical instru ment for each netal was deternined by
anal ysis of five replicates of a certified ho m ogenous SR M sediment and bival ve tissue.
Field sanples and Sk Mswere analyzed for Ba, Cu, Pb, and Zn by two different techniques
to verify that the sediment digestion procedures totally dissolved the sedinents. The
X R F technique deternmined total netals without sediment digestion.

The nethod of standard additions was used to evaluate matrix effects for both
| CAP and ZGFAA. A mum oniu m phosphate was used as a m atrix medifier inthe ZGF AA
analysis of Cd and P b to inprove the analytical signal and precision. The Z ee man effect
background correction system was used for all Z GF A A anal yses.

3.3 Analytical Chenistry of Hydrocarbons

The general analytical strategy for the chemcal assess m ent consisted of two
levels (Figure 3.1 ). On the first I evel, sanple replicates were extracted and anal yzed by
U VIF to measure approximate concentrations of petroleu m Sam ple replicates of
additional interest were carried through individually to the second level, which consisted
of G C-FID and conputer-assisted GG MS.

Sediments and tissues were each anal yzed by slightly different analysis
sche mes.  Each sanple type required a unique initial processing/sanple extraction
protocol and followed its own analytical scheme. Al sa mpies were spiked with internal
standards, androstane or cholestane (Saturated hydrocarbons), and o-terphenyl (aromatic
hydrocarbons), prior to solvent extraction.

3.3.1 Sample Processing

3.3.1.1 Sediment Sample Processing. Six surface sediment sample repl i cat es
fro m each station were analyzed for high m olecular wei ght hydrocarbons using U VIF. (One
hundred-fifty gram Subsa mpies of 150 gwereanal yzed by U VI F using the anal yti cal
method described bel ow. Selected individual sa mpies fro mseven stations as well as all
pool ed extracts were analyzed by G C -FId and G ¢/ MB.

The extraction nethods for the UV/IF, GC -FID and G ¢ MS anal ysis of
sedi nent sanples were based on nethods of Brown et al (1979) and Boehm et &l (1982 e).
Approxi mately 150 g of wet sediment was weighed into a 250-m Teflon jar and dried by
extracting three times with 50 m of m ethanol. Five micrograns of two internal
standar ds, androstane and o-terphenyl were added to the sediment. The dry sediment was
then extracted three times with 100 m of dichloro m ethane: methanol (9:1) by shaking on
a platform shaker for a mninumof 4 hr for each extraction. AL solvent extracts were
transferred into a 1-L separator funnel containing 100 m1 of water ( Millipore R O to
whi ch 10 g sodium chloride had been added. The dichloro m ethane | ayer was drawn of f and
t he aqueous nethanol phase extracted three times with 50 m of dichloro m ethane, The
conbi ned dichloro m ethane extracts fro m each sanple were dried, conbined, reduced in
volume to 1 m1 by rotary evaporation and displaced with hexane. Single aliquots of
extracts for subsequent analysis by GC -FID and G T M were weighed on a Cahn Mdel 25
electrobalance t0 deternine total extractable organics. The extracts were fractionated
by silica gel/alu mina ecolu m n chromatography into saturated and unsaturated/ aromatic
fractions which were analyzed by GC -FID and G T MS, respectively.

Col um chronat ography was perform ed using a 100% activated silica/5 %
deactivated alu mina/activated copper (1 1g, 1g, 2g, respectively) |-cm id.
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chromat ography colu mn that was wet-packed in methylene chloride and prepared by
eluting With 30 m each diechloro m ethane and hexane. The sanple, of no nore than 50 ngy
extract weight in 0.5 nl hexane, was charged to the colu mn which was then eluted with
18 ml hexane follow ed by 21 M hexane:dichloro m ethane (1: 1) to isolate the saturated (f 1)
and unsaturated/aromatic (2} hydrocarbons, respectively.

3.3. 1.2 Bivalve TissueSampies.Fivesa m pi es consisting of three species of
benthic bivalves (Cyrtodaria kurriana, M aco m a calcarea and Astarte borealis) were
analyzed. All individual replicates were analyzed by U VIF. Subsequently, either individual
or pool ed extracts were analyzed by GC -FID and G U M.

Sam pies of 2-10 g wet weight tissue (approximte wet weights of individual
bivalves; 0.25 g/ C yrtodaria, 2.5 g/ Astarte, 3.0 g/ Maco ma) were extracted and anal yzed by
the procedure of Boeh met al. (1982d). Clam tissues (guts, nuscle, gills) were renoved
fro mthe shells with solvent-rinsed utensils. Vet tissue was digested overnight with a 5 N
aqueous potassium hydroxide. The digestate was neutredized with hydrochloric acid and
extracted in a separator funnel three times with hexane. H exane extracts were
combined, dried with sodium sul fate and concentrated to 0.5 nml by rotary evaporation.
Pol ar and biogenic co m pounds which interfered with the U V/IF analysis were renoved
fro mthe extracts by alu mina caumn chromatography which contained 6.5 g of 7.5%
wat er - deactivated  alum na. The colum was eluted WwWth 25 nl of
hexane/dichloro m ethane (9: 1 ) to isolate the saturated, unsaturated and aro m atic
co m pounds. The fraction was concentrated and transferred into hexane for U V/F analysis.

After U VIF analysis, the individual or pooled extracts were concentrated by
rotary evaporation and displaced with hexane. The total extracts were then analyzed by
G C-FID and G O MS directly. Due to the 10 wlipid weight of the total extracts, coumn
chromat ography was not required prior to GC-FID or G C/ M analysis.

3.3.2 Sanpl e Analysis

3.3.2.1 UV/IF Analysis. The technique of synchronously scanning the corrected
excitation and e mssion monochro meters of a scanning spectrofluoro m eter was based on
the methods of Wakeham (1977), Gordon et al. (19'76), John and Soutar (1976), Boehm et
al . (1982f), and Boehm and Fiest (1982). This method was used to anal yze all sediment and
bival ve extracts, and to determne the presence and sem-quantitative amounts of
aromatic hydrocarbons in all sa m pies.

The sanple extract (or a dilution thereof) was dissolved in hexane and
anal yzed by U VIF. The intensity of the fluorescence e mission was neasured from 250 to
500 n mwhile synchronously scanning the excitation monochro meter at a wavel ength 25n m
shorter than the wavel ength of the em ssion m onochro meter, This techni que neasured 2-
to 5-ringed aomaic hydrocarbons (Lloyd, 1971) and yielded the spectral detail needed for

this Study.

The intensities of the fluorescence spectra were measured at several
wavel engths (e.g., 312, 355 and 425n m) which correspond to approxi mate peak m axim a of
the 2-, 3-, and Y4 plus 5-ringed aromatics present in the sa mpies and those present in the
Prudhoe Bay crude oil reference standard characterized in this study. Calibration curves,
based on the analysis of a Prudhoe Bay crude oil standard, were used to quantify sanple
extracts in this study. One or several. dilution series of the hexane solutions of the oil
were used to quantify sanple extracts and to calibrate the method daily. The resulting
UV/F data is presented in ug/g Prudhoe Bay crude oil equivalents.

3.3.2.2 G C-FID. = G C ~FID analysis served to identify and quantify the
saturated petrol eum hydrocarbon co mpounds present in the sa mpie. The concentrations of
certain co mpounds were also used to calculate indicator ratios that reveal the type of
hydrocarbons present, i.e., biogenic or petroleum

Each fraction was anal yzed by fused silica capillary gas chronat ography on a
Shimadzu G CGq A gas chro m atograph equipped with a splitless injection port, a flane
ionization detector, and a Shim adzu CGR 3A data system  \Wall-coated open tubular
(WC O0T) fused silica columns(0.25mmXx 30 m, J&W Scientific) coated with SE30 or
bonded D B- 1 stationary phases were used to analyze the saturated hydrocarbon fractions

62



fro mthe colu mn chromatography procedure. The instrunental conditions are listed in
Table 3.9.  Concentrations were calculated by the internal standard nethod on the
Shi madzu G- R3A. The conputerized data system auto matically identified co m pounds by
co mparing retention indices of peaks in the sa mpies to retention indices of known
co mpounds in a standard mxture that was analyzed daily. Concentrations were
calculated by co mparing the integrated areas of peaks with the area of the appropriate
internal standard (androstane or cholestane) and applying a determ ned response factor.
The total concentrations of saturated hydrocarbons were determned by integrating the
unresol ved area (UC M on the CGR 3A and adding it to the total resolved integrated area
(i.e., peaks) and, calculating a concentration using the internal standard nethod.

The concentrations of n-alkanes and isoprenoids in sedinments were deternined
fromG C -FID on a dry weight basis and on a wet weight basis for bivalves.

3.3.2.3 G C M. The aromatic hydrocarbon fractions off of the adsorption
colu mn of either individual sanple replicate or pooled extracts were analyzed by GO MS
to measure the concentration and co m position of the aromatic hydrocarbons in the
sa mpies.

An aliquot of the aromatic fraction was anal yzed using a Finnigan 4530 G U M5
instrument equipped with a 0.25 mmid. x 30 mDB-5 fused silica capilary colum (J& W
Scientific) which was threaded directly into the ion source. Instrumental conditions are
lsted in Table 3.10.

Sel ected ion searches were used to obtain ion chro matogra ms for aromatic
co m pounds with known retention indices. Concentrations of the identified co m pounds
were determned by measuring peak areas (ion currents) of the appropriate peaks in the
selected ion chro matogra ns and relating themto that of the internal. standard. Relative
response factors for each conponent were calculated fro m anal yses of analytical
standards, if available, or were extrapolated. The conpounds reported from the G O M5
analyses are listed in Table 3.6.

3. 3.3 Quality Control Methods

The qual ity assurance programin the geochemstry laboratory was part of the
formal |aboratory-wide quality assurance programinstituted at B NE MR L. The
require ment9 of this program consisted of an initial denonstration of |aboratory
capability and anal ysis of spiked sa mpies as an on-going check on performante. Specific
neasures taken before the initiation of study and during the course of this study included
a rigorous on-the-job training programincluding analysis of triplicate sa mpies and blanks,
adherence to strict sanple transfer and custody procedures, |aboratory notebook audits,
docunent ed calibration of U V/IF, G C -FID and G M S on a daily basis, and an on-going
anal ytical Q C program

The on-going analytical Q C program consisted of the analysis of procedural
blank sa mpies with every batch of sediment or tissue analyzed, analysis of blank spikes for
the deter mination of recoveries of selected co m pounds, re-extraction of sa mpies to
moni tor efficiency of extraction, and the analysis of reference sa mpies for an additional
check on precision and accuracy.

Di scussion of the results of the analytical QC program are presented in

Section 4.6.

3.4 Auxiliary Parameters

3.4.1 Hydrography

H ydrographic data included of tenperature, salinity, and dissclved oxygen
measure mentstaken at the 27 stations sa mpled for sedim ents or bivalves. \Wien possible
these measure ments were recorded at three depths in the water caumn, although at sone
extrenely shallow stations only surface and bottom measure m ents could be recorded.
Failure of the dissolved oxygenprobe and |ack of storage or work space on the boat for
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Table 3.9 Fused Sitica Capillary Gas Chronatography/Flame Ionization
Detection Analytical. Conditions.
I nstrunent: Shim adzu G C-9A gas chro m atograph
Shim adzu C- R 3A integrator/data pr ocessor
Feat ures: Split/splitless capillary inl et system
M croprocessor-control | ed functions
Auto m atic data reduction/Floppy Disk data storage
Inlet: Splitless
Det ector: Flame ionization
Col um:
fqe 0.25 mml. D x30 m
SE 30 fused silica (J&W Scientific)
pe1f used silica (J& W Scientific)
Gases:
Carrier: Hel ium 2 ml/min
Make- up: Hel i um 30 ml/min
Det ector: Ar 300 m¥min

Hydrogen 30 ml/min

Tenper at ures:

I'njection port: 250° C
Detector: 3000 ¢
Colu mn oven: 400-290° 30 ¢/min

D aily calibration: Al kane/ nmi xture

Quantification: Internal standard (F 4y androstane; cholestane)
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Tabl e 3.10 Gas Chromatography/Mass Spectrometry | nstrumental Conditions.

| NSTRUVENT: Finnegan 4530 gas chro m atograph/m ass spectro m eter

FEATURES: Data CGeneral Nova 4 data systemw th Incos data system
Fi nnegan MAT 9610

I NLET: Splitless

DETECTOR: Q uadrupole mMass spectroneter

SCAN RATE: 450 amu/sec (45-450 amu)

| ONI ZATI ON

VOLTACE: 70 eV

COLUMWN: 0.25 mmid. x 30 m

SE54 fused silica
(J& W Scientific)

| NTERFACE: Direct insertion of ecolu mn into source
CARRI ER GAS: Hel i um 2 ml/min
TEMPERATURES:
| NJECTI ON PORT: 2700 C
SEPARATOR OVEN: 2800C
SOURCE: 250° C
Gc OVEN 40-2900C, 10 C/rein (tenperature progran)
DAI LY CALI BRATI ON: FCA3, DFTPP and aromati ¢ mixture

QUANTI FI CATI ON: Internal standard (o-terphenyl)
(response factors)
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Winkler titrations apparatus limted the nunber of dissolved oxygen measurements
perform ed on the survey. The hydrographic data was collected in support of the
anal ytical program and was not used to characterize water masses.

Primary hydrographic nmeasurements were taken with a H ydrolab Series 4041
in-situ instrunent with digital read-out. The Hydrolab consists of a probe (Scnde)
attached to an electronics m odule by an electro- M echanical cable. The probe contains
sensors of tenperature, conductivity and dissolved oxygen. The precision of the

instrunent is lsted bel ow by paraneter:

Par anmet er Preci sion
T e mperature + 0.05°C
Salinity 0. 050/ 00
Di ssol ved Oxygen + 0.05 ppm

C alibration of the tenperature probe at each station was perforned with a
bucket thermo meter using a thermometer co mplying with all requirements of the National
Bureau of Standards. The conductivity probe was calibrated at ‘each station with a
secondary sea water standard of known salinity. A nalysis of the secondary standard was
performed on a Beckman salino meter both before and after the cruise. The dissol ved
oxygen probe was calibrated at each station using a wet air calibration that relies on the
known solubility of oxygen in distilled water at any given tenperature. Discrete water
sa mpies were alse collected by Niskin bottle and preserved for oxygen analysis by the
Winkler method. This analysis was originally intended to provide a quality control check
on the dissolved oxygen probe, but beta me the primary measurenent after the failure of
the probe. Due to lack of storage/work space these analyses were perforned at the shore
base.

3.4.2 Sedinent Grain Size

The analysis of sedim ent sa mpies for sand, silt and clay content was based on a
Ssi eve-pi pet procedure. Division of the sand fraction into phi classes was acconplished by
graded sieving of the dried sand material (Holme and MIntyre, 1971). Division of st and
clay into phi classes was based on the pipet nethod (Fork, 1974).

A subsa mple of approxim atley 25 g of honpgeni zed sedi nent was dried to a
constant weight at 1000 C cooled in a dessicator, and wei ghed to within 0.01 ng on a
M ettler anal ytical bal ance. The oven-dried material was added to a dispersant sol ution of
aqueous sodi um m etaphosphate (5.0 g/L), stirred with a glass rod, and agitated for 10-15
min on a Junior Orbit Shaker. The solution was allowed to stand overnight then shaken for
10 min. The sedinent suspension was poured into a 0.063 m msieve and the sieve gently
agitated in a basin of water. The silt and clay fractions (particles of |ess than 0.063 mm)
whi ch passed through the screen, were resuspended in 1 L of dispersing solutionin a

graduated cylinder. At specific tinme intervals, 25 nl aliquots were removed, dried at
105°C for 24hr,cooled to roomtenperature and weighed to the nearest 0.1 g.

The sand fraction retained on the sieve was rinsed into an al um num wei ghi ng
pan and dried to constant weight. To divide the sand conponent into phi intervals, the
dried sand material was placed in a graduated series of nrested sieves (2.0 mm 1.0 mm
0.5mm 0.25mm 0.125m m and 0.063m m screen sizes) and shaken for 10 mn on a Ro-Tap
Testing Sieve Shaker.

For the purposes of data reporting, the phi classes were recorded separately
but were also conbined to generate sand, silt and clay sedinent size classes for data

interpretation.
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3.4.3 Total Organic_Car bon

T O C analyses were determned using a Leco model W R-12 carbon analyzer.
The dried sanmpl e was honogeni zed and a 150 - 250 ng aliquot placed in a ceramc
crucible.  The sanple was washed twice with 6 NH O to remove carbonate carbon. 1t
reaction was vigorous on the second wash a third treatment with H G was conducted.
F ollo Wi ng decarbonation, the sanple was rinsed with distilled Water until neutral and
dried at 450C. Copper and zinc accelerators were added to the sanple crucibles and
co m busted with an induction furnace. The C 02 evolved wasis scrubbed of water, halide
and sul fur, and the percent T O C calculated. The carbon analyzer was calibrated daily
with series of known calibration standards to provide a calibration curve covering the
range of interest.

4. PRESENTATION OF RESULTS

411 ntroduction

This section presents the data generated fro mthe 1984 BS M P survey. These
data include results of the laboratory analyses for nmetals and hydrocarbons, auxiliary
parameters (grain size and total organic carbon), the hydrographic data collected on-site,
and the quality control results.

Because of the large volume of data derived fromthe survey, each data set is
di scussed in a separate subsection. This tabular presentation of the analytical results is
limted to those parameters mostrel evant to the interpretation and synthesis wth
historical data. A conplete listing of each data set is stored in our database
manage ment systemto be transmtted to The National Cceanic Data Center (NOD Q).

Al results are presented in tabular form arranged by separate geographical
groupings of stations fro meast to west within the Study Area, and acconpanied by a
station location map.

4.2 Metals Data

Data for nmetals in sedinents werecollected at each of the 27 stations. Since
six replicate sa mpies were analyzed at each station, the concentrations are reported as a
mean + one standard deviation for each of the seven metals. Values for the silt and clay
fractions, as wen. as total organic carbon, are included for each station for reference.

Wth the exception of Ba and Cr, which ranged fro m 186 to 745 pg/g and 17 to

91 u g/g in sedi rrent%respectivelly, the range for all other netal concentrating in
sedi ments enco m passes two orders of magnitude. The highest levels of all metals occur at

Station 6B, while the 10 w est sedinment netal concentrations are associated with Station
5B. Simlarly, combined silt and clay fractions are highest at Station 6B and 10 west at 5B.

4.2.1. Metals in Sedi nent s

Figure 4.1 presents the data for stations in the eastern section of the Study
Area, w hich includes the C armng River Delta (the "2" stations), the Mikelson Bay
St ockt on Island area (the "3" stations), and the Foggy Island Bay transect (the ™y
stations). Except for Cd and Pb, the sediments of Station 3B show the highest overall
concentrations of netals in this area, followed by Stations 4A and 3A Silt and clay
fraction values exhibit a similar trend. Low est overall netal concentrations in this area
are associated with Station 2E sedi m ents.

The Prudhoe Bay-G w ydyr Bay region in the central part of the Study Area
includes the " stations and is divided into two station groupings. Figure 4.2 presents
data for the Endicott Field transect stations, selected to represent 1-, 2-, 5 and 10- mile
locations fro mthe Endicott Field (i.e., the activity-specific gradient). The concentrations
of metals do not follow a gradient away fromthe Endicott Field area but, rather, may be
a function of the sedinent grain size at individual stations. Stations 5(5) and 5(1 O
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Figure 1,1 Sum mary Oof Metal Concentrations, Silt and €lay Fractions, and Total

Organic Carbon in Eastern Study Area Sedim ents.
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Figure 4.2 Sum mary of Metal Concentrating, Silt and Clay Fractions, and Total

Organic Carbon in Endicott Field Transect Station Sediments.
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general Iy show the higher sediment nmetal concentrations w hile Stations 5(1) and 5(2) have
the |ower values.

Data for the rem aining stations in the Prudhoe Bay-G w ydyr Bay site are shown
in Figure 4.3. The highest nmetal concentrations, silt, clay, and total organi c carbon levels
general 'y appear in the sedinments fro m Stations 5A and 5D. The 10 w est values are clearly
found at Station 5B.

The western section of the Study Area includes stations in Harrison Bay.
Sedinent data for the East Harrison Bay stations are displayed in Figure 4.4 Stations 6B,
6 Cand 6 D represent an offshore transect away fromthe C olville River Delta. The netal
concentrations, grain size data and total organic carbon values at these stations clearly
follow the offshore gradient, with the highest Ievels occurring at Station 68 and the
10 west at Station 6 D.

Figure 45presents the data for the West Harrison Bay stations. Although
trends are less obvious at this site, the highest overall metal concentrations appear in
Station 7 C sedinents, w hile Station 7B generally has the 10 w est values. Grain size trends
are similar when values for silt and clay are conbined.

4.2.2 Metalsin Ti ssues

Metal s data werealso collected from bivalve sa mpies at three stations within
the Stud y Area. Figure 4.6 presents this data along with corresponding sedinent data. At
Stations 6 D and 3A Astarte was collected, while the sanple at Station 5F was co reprised
of C yrtodaria. The concentrations of Ba, Cr, V, and Pb in tissues are |ower than in
correspondi ng sedi ments. Cu, Zn and Cd concentrations, however, are nearly equal to or
greater in tissue sa mpies than in the sedinents. The highest levels of metals in tissues
clearly occur at Station 6 D where A starte was col | ected.

4.3 Hydrocarbon Data

Replicate sediment sa m pies for hydrocarbons were collected at each of the 27
stations, and analyses were perform ed sonetimes on both pooled sedinent sa m pies and
i ndividual replicates, and sometines only on pools. The U V/F scan was conducted on each
of six replicates per station, with concentrations reported as a mean * one standard
deviation. G C-FID anal yses for saturated hydrocarbons and G ¢ M S anal yses for
aro m aties Were conducted on each of six replicates only at seven stations. These
concentrations are also reported as a mean + one standard deviation. The six replicates at
the remaining 20 stations were pool ed, analyzed and reported as one sa mpie, essentially
representing a mean at these stations.

In the tabulation of hydrocarbon data, individual. co m pounds are conbined and
presented as several selected parameters nost relevant to the interpretations and
discussion of the data. For the saturated hydrocarbons, these parameters include:

« Total Alkanes (TALK) = n-C 1y through n-Cszy

« Low Mol ecul ar Weight Alkanes (LA LK) = n-C 4qthrough n-Coq

@ TOT= Total Resolved plus Total Unresolved Conplex Mxture

The concentrations of the individual isoprencid alkanes (pristane and phyt ane)
and the results of the U VIF, reported as concentrations of Prudhoe Bay crude (0.7)

equivalents at 355 n m are also included in the tabulations of the saturated hydrocarhons.
The aromatic hydrocarbons are presented in terns of the follow ng

paranmeters:
e N = Napht hal ene + Methyl N aphthalene + C 2
N aphthal enes + C 3 N aphthalenes + C 4
Naphthalenes
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Pb 6.1 % 0.9 9.9 + 05 7.8+ 08 9.1+ 0.9 3.9 + 0.9 6.5 + 4.9
Cu 10.6 + 1.4 24b.9+ 1.2 18.1 + 0.6 20.6 + 1.0 4.9 + 0.7 12.8 + 9.2
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Figure 4.3 Sum mary of Metal Concentrations, Silt and Clay Fractions, and T0tal.

Organic Carbon in Prudhoe Bay-G w ydyr Bay Area Sedim ents.
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Figure b

Organic Carbon in East Harrison Bay Sedinents.
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Figure 4.5 Sum mary of Metal Concentrations, Siit and Cl ay Fractions, and Total

73

Organic Carbon in West Harrison Bay Sedinents.



3 153 | 52 151 150 | 49 148 147 146 145 144 143 42
T f T } f 1 ¥ f T
BEAUFORT SEA
1 Caps 7
‘ Halkstt
B | tep T ) 0 25
. : ! Nautical Mites
Harrison : '
Y e SF '
g B ¥
) PrBudho . t A
Y s T _— Barter Island
® of - T '(\\ Camden Bay K
7t 3 s ' - G - 70
A ; : ~
@ S
"\
! 1 ! 1 1 I ! ! | i 1
. 153 | 52 1514 I 50 149 148 147 146 145 144 143 142"
STATION
6D SF 3A
Tissues® Sediments Tissuesb Sedim ents Tissues? Sedim ents
METALS (ug/a)
Ba 29.7 + 6.4 282 + 22 6.8 + 4.9 330 + 12 8.3+ 1.5 346 + 20
Cr 4.5 + 0.4 38 + 4 3.2+ 0.7 49 + 3 2.4+ 0.5 52+ 5
v 53 + 0.5 66 + 7 3.3+ 0.8 79 + 2 1.9+ 0.4 88 + 4
Pb 0.80 +0.12 71 +06 048+ 0.08. 7.8+08 06L+016 6.12+038
Cu 27.7 + 0.6 9.131.7 16.2 + 4.0 181+ 0.6 11,8+ 3.4 23.0 ¢ 1.1
Zn 96.0 + 3.0 45 + 3 68.4 + 8.3 64 + 3 72.6 + 8.5 58 + 3
cd 11.24 + 1.20 007 # 002 1.42+0.12 0.21 +0.03 9.29 + 3.05 0.16 + 0.03
a Agtarte tissue
Cyrtodaria tissue

Figure 46
Sedi ment s.

74

Sum mary of Metal Concentrationsin Bivalve Tissues and Corresponding



e P= Phenant hrene+ Methyl Phenanthrene+ C2
Phenant hrenes+ C3 Phenanthrenes +
Cy Phenant hrenes

e D = Dibenzothiophene + Mthyl Dibenzothiophene +
Co Di benzot hi ophenes+ C3 Dibenzothiophenes

e F = Fluorene + Methyl Fluorene + C, Fluorenes +
C 3 Fluorenes

e PAH = Fluoranthene + Pyrene + Benzo(a)anthracene +
Chrysene + Benzofluoranthene + Benzo(a)pyrene +
Benzo(e)pyrene + Perylene

4.3.1 Saturated Hydrocarbons

For the saturated and U VI F hydrocarbon paraneters, the range generally
enco repasses two orders of magnitudes. Total alkanes (TALK), the n-C 19 through n-C 34
conmpounds, range fro mO0.68 ug/g to 22.8 rg/g while the 1o w nol ecul ar wei ght alkanes
(L AL K), or n-C 19 through n-Csg conpounds, range from0.24 to 4.0 ug/g. The highest
sedi ment concentrations of pristane and phytane are 0.305 /g and 0. 144 ug/g,
respectively, while the 10 w end of the range is represented by 0.008 u g/g and 0.003 wug/g,
respectively for pristane and phytane. UV/F, neasured at 355 nm varies from5 ug/g to
309 eg/g. The total resolved plus unresolved hydrocarbons (TOT) ranges fro m2.7 p g/g to
68.0 ug/g. The highest values for all the above paraneters are clearly associated with the
sedim ents fro m Station 6B, for which the highest st and clay grain size fractions, as well
as the highest metal concentrations, are also reported.

Figure U7 presents the data for the seven stations |ocated in the eastern
section of the Study Area, which include the Carmng River Delta (the "2 stations), the
Mikelson Bay - Stockton Island area (the "3" stations) and the Foggy Island Bay transect
(the " stations). Three of the stations (4A, 3B and 2F) represent those at which
conplete replicate sets were analyzed. The highest concentrations of hydrocarbons are
generally found at Stations 3B and 4A. Low est |evels of all paraneters occur at Station
2E, The nearshore-to-offshore transect stations (4 A 4B and 4 C) do not appear to sho w a
gradient for any of the parameters. Gain size and total organic carbon data appear to
follow the same pattern indicated by the hydrocarbon data.

In the central portion of the Study Area, the Prudnoe Bay-G w ydyr Bay region
includes the "s" stations which are divided into two station groupings for presentation.
Figure 4.8 presents the data for the Endicott Field transect stations, selected to represent
1-, 2-, 5-, and 10- mle distances fro mthe Endicott Field locations. As was found with the
nmetal s data, the hydrocarbon concentrations at these stations do not presently indicate a
gradient away fro mthe proposed area of activity. The higher levels of all paraneters
occur at Stations 5(5) and 5(1 O while the 10 wer concentrations are found at Stations 5(2)
and 5(1 ). The grain size and total organic carbon data follow a similar pattern.

Figure 4.9 presents the data for the rem aining stations in the offshore Prudhoe
Bay-G wydyr Bay site. The highest saturated hydrocarbon concentrations are generally”
associated with Stations 5A, 5 D and 5F, or the stations nearer to shore, while the 10 w er
levels are found at those stations further offshore.

Data for East Harrison Bay (the "6" stations) are displayed in Figure 4.10.
H ghest sediment hydrocarbon concentrations are clearly associated with Stations 6B and
6A, the stations nearest to the Colville River nouth, while Stations 6 C, 6D and 6F, those
furthest offshore, show 10 w er concentrations. A transect out fro mthe C olville River
mouth is represented by Stations 6B, 6 C and 6 D. Hydrocarbon concentrations, grain size
and total organic carbon data at these stations clearly follow an offshore gradient, wth
hi ghest concentrations associated with Station 68 and 10 w est levels at Station 6D.

Figure 4.11 presents the data for the West Harrison Bay stations. Trends at
these stations are lees clear, although Station 7E generally exhi bits the highest overall
concentrations. The low est levels are associated with Station 7B.  The relationship
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Figure 4.7 Sum mary of Saturated and UV/ F Hydr ocar bon Concentrations, Silt and

Clay Fractions, and Total Organic Car boni ¢ Eastern Study Area

Sedi ment s.
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Figure 4.10 Sum mary of Saturated and UV/F Hydrocarbon Concentrations, Silt and
Clay Fractions, and Total Organic Carbon in East HarrisoN Bay Sediments.
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Figure 4. 11 Sum mary of Saturated and UV/F Hydrocarbon Concentrations, Silt and

Clay Frackions, and Total Organic Carbon in West Harrison Bay
Sedim ents.
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bet ween hydrocarbon data, and grain size and total organic carbon is also sonewhat
unclear at ail stations except 7B, for which the 10 west values are reported.

432 Aromati ¢ Hydrocar bons

The aromatic hydrocarbon data for station areas "2", "3* and "4 in the eastern
section of the Study Area are presented in Figure 4.12.  Trends simlar to those
established for the metals data and saturated hydrocarbon data in this area are also
observed with the aromatics. Stations 4A, 3B and 3A reveal the highest sedinent
concentrations for this group of parameters, w hile the 10 west |evels always occur at
Station 2E. O the nearshore-to-offshore transect stations, 4 C, or the furthest offshore
station, has 10 wer concentrations of aromatics than Station 4B which occupies the mddle
station of the transect.

In the Prudnoe Bay-G w ydyr Bay region, data for the Endicott Field transect
stations are show n in Figure 4.13. Once again, the aromatics data follow the same trends
found with the metals and saturated hydrocarbon data. The higher sedinment aronatics
levels occur at Stations 5(5) and 5(10) while the 10 wer concentrations are associated with
Stations 5(1 ) and 5(2). No indication of a gradient away fro mthe Endicott Field is obvious
inthe data set.

Aromatic hydrocarbon data for the six rem aining Prudhoe Bay-G w ydyr Bay
area stations are displayed in Figure 4.14. At Station 5 D, the station nearest to shore and
to the W est Dock, sedinents generally revealthe highest concentrations of aromatics.
Lowest val ues appear to be associated with Station 5G sediments. Data for the rem aining
stations vary by individual paraneters.

Figure 4.15 presents the data for the five stations in East Harrison Bay.
Hi ghest concentrations of aromatics are found in sedinents fro m Station 6B which 1s
nearest to the C olville River mouth. Low er levels are associated with those stations
further offshore (6C, 6D and 6F). The stations conprising a transect out fro mthe
Colville River Delta (6B, 6 C and 6D ) clearly reveal a decrease in aromatic hydrocarbon
levels with distance fro mthe river outlet.

Data for the West Harrison Bay stations are shown in Figure 4.16. Hi gher
aromatics levels are generally associated with Station 7 A which is nearest to shore, while
the 10 west concentrations most often occur at Station 7B. For the remaining stations in
this area, data vary by station as well as by paraneter.

4.3.3 Hydrocarbons in Tissues

Pool ed hivalve tissue sa mpies collected fromthree stations were analyzed for
hydrocarbons. These data, along with corresponding sedi ment data, are shown in Figure
4.17. Hydrocarbon concentrations in tissues are detected for the saturates and by the
UVIF scan. How ever, with the exception of phenanthrenes in Station 6D Maco ma
sa mpies, no other aromatics are found in the tissues.

4.3.4 Historical Data

The sanpling strategy, as outlined in Section 1, specified that the 1984 BSM P
survey would occupy several stations for which baseline data were available. Nine
stations in our survey are in the proximty of eight nearshore sediment baseline stations of
Shaw et al. (1979). Figure 4.18 presents the locations of these stations and the
corresponding hydrocarbon data.  Only quantitative saturated hydrocarbon data are
available for co m parison.

In co mparing the two data sets, considerations nust be given to several
factors. Sha w's (1979) data set does not include grain size and total organic carbon
anal yses, parameters which are highly valuable in interpretating the hydrocarbon data.
Differences in analytical methodol ogies may also contribute to the disparity in some of
the data.

In general, the best agreenent between the two data sets is in the
L AL K/ TALK and pristane/phytane ratios. Stations 5F (BS MP, 1984) and 10 (Shaw et al .,
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Figure 4.12 Sum mary of Aro matic Hydrocarbon Conecentrations, Silt and C ay
Fractions, and Total Orgamiec Carbon in Eastern Study Area Sedim ents.
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Figure 4.13 Summary of Aromatic Hydrocarbon Concentrations, Sitt and Clay
Fractions, and Total Organic Carbon in Endicott Field Transect Station
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Fractions, and Total Organic Carbon in Prudhoe Bay-G w ydyr Bay Area
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Figure 415 Sum mary Of Aromatic Hydrocarbon Concentratioss, siit and Cl ay
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and Total Organic Carbon in East Harrison Bay Sediments.
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Figure 4.16
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Sum mary of AroodatiC H ydrocarbon Concentrations, Siit and C ay

and Total Organic Carbon in West Harrison Bay Sedim ents.
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Figure 4.18 Sum mary of 1984 BsM P Survey and Historical H ydrocarbon Data.
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1979) see mtoshow the sm allest variability in the data across all paraneters. Reasonable
agree ment is Seen in the data for Stations 6 A and 7 as w en, although no tenporal trends
can be invoked as explanation for any of the data in Figure 4.18.

4.4 Auxiliary Dat a

At all sediment stations, total organic carbon and grain size data were
col lected fro meach replicate grab. These data are used to characterize the properties of
the sediments, and to supplement the interpretation and discussion of the sediment nmetals
and hydrocarbon data. In addition, correlations between grain size, total organic carbon
content, metal and hydrocarbon concentrations have been established and are discussed in
Section 5.

4,4,1 Total Organic Carbon

Table 4.1 presents the data for the total organic carbon anal yses. M cans + one
standard deviation represent six replicate analyses at each station. Since total organic
carbon generally has a positive correlation to sedi oent grain size, values for the combined
sitt and clay fractions are included in the data presentation.

The T O C range covers two order of magnitude: 2.10 ng/g at Station 5B to
29.2 mg/g at Station 5 D. The 10 west T O C levels are generally associated with the eastern
half of the Study Area. Although the highest single T O C value occurs at Station 5D (near
West Dock, Prudhoe Bay), the highest area T O C levels generally occur inthe West
Harrison Bay area (“7” stations).

4.4.2 Gain Size

Table 4.2 presents the grain size mcans and standard deviations for the
sediment replicate sa mpies at all stations. Al though the analyses deter mned the
individual -1to >10 phi size categories for each sa mpie, the data are grouped into gravel,
sand, slt, and clay fractions for the convenience of interpretation.

The sediment grain sizes of the Beaufort Sea appear to vary enormously by
region. As can be deduced fromthe large standard deviations of grain size categories at
many of the stations, large variations in the texture of the sedinments are found even
a mong replicates of the same station. Thus, general trends in sediment co m position are
difficult to infer fromthese data al one.

M cans for the siit and clay fractions range from63%and 40%, respectively, to
1$ forboth fractions. The range for the sand fraction is 11 $1097%,while gravel ranges
bet ween O % and 36%. R egionally, t he sediments from stations in the eastern segnent of
the Study Area (the "2, “3"and“4” stations) are generally domnated by sand and gravel
fractions, while conbined silt and clay are most often domnant in the West Harrison Bay
station sedinents (the "7" stations). H gh percents of gravel are associated with
sedinents fro mStations 4 A and 4 C (36% and 26 % respectively).

4.5 Hydrographic Dat a

The hydrographic data collected on-site at all stations (except. 5D) are
presented in Table 4.3. Water tenperature and salinity were measured on the surface
(1 m at all stations, and at md-depth and bottom where depth permtted. Due to
instrument and/or equip ment problenms, data for dissolved oxygen are into m plete,

Salinities range fro m16.54 0o at the surface to 31.78 °/,at bottom dept h.
Water stratification, resulting fro mthe freshwater inputs of nearby rivers, can be noted
at nost all stations, particularly fromthe salinity data and to a | esser extent by the
water temperatures. A relatively fresh surface layer appears throughout the Study Area
with the exception of Stations 6B and 7B, and several extrenely shallow |ocations.
(Stations 7A, 7E, 7G 5F). The similarity in surface and bottom water te m peratures at
Stations 6B and 7B may suggest recent mixing of the water colu mn, creating the saltwater
wedges observed at these |ocations.
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Table 4.1 Total Organic Carbon M cans and Standard
Deviations, and Percent Silt + Clay for all Sedim ent

Stations.

STATI ON TOC (mg/g) SILT + CLAY (%
2E 2.4 + 0.2 7.6
2F 5.6 + 1.0 14.7
3A 8.4 + 0.6 41.9
3B 9.2 + 0.5 64.8
4A 7.2 + 1.0 32.8
4B 3.0 +0.8 6.5
4C 31 +1.6 16.0
5(1) 4.5 +0.9 9*5
52) 3.1 % 1.7 3.6
5(5) 9.7 + 4.6 36.4
5(10) 12.9 + 9.2 33*7
5A 10.1 + 0.2 72.4
5B 2.1 + 0.3 3.3
5D 29.2 + 2.1 72.5
5E 4.5 + 3.9 25.4
5F 17.0 + 2.2 61.3
5G 6.4 + 1.8 17.5
6A 11.5 + 1.3 66. 5
68 18. 0 + 0.7 88. 6
6¢C 6.2 + 1.4 28.5
6D 3.8+ 1.1 10.9
6F 10.5 + 3.4 61.5
TA 1.4 + 4,2 65. 5
7B 56 +0.8 13.3
7C 13.4 + 0.6 84.6
7E 7.3+ 1.8 68. 2
7G 26.3 + 10.2 10.1
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Table 4.2 Sum mary of Gain-Size Data for all Sedinent stations.

Sedi nent  Type

STATI ON 2 GRAVEL %2 SAND % SILT 2 CLAY
2E 0.22 + 0.20 92.00 +1.60 4.64 + 0.68 2.95 + 0.80
2F 0.04 + 0.07 84.84 + 3.55 10.12 + 2.99 458 + 1.50
3A 0.01 + 0.02 58.03 + 1.79 28.18 + 1.57 13.77 + 1.15
3B 0.30 + 0.59 34.46 + 4.22 46.39 + 3.30 18.45 + 1.22
4A 36.44 + 19.76 29.91x5.16 16.97 + 6.71 15.80 + 10.51
4B 319+ 6.33 89.17 + 5.89 3.48 + 1.57 3.05 + 2.09
4C 26.09 + 19.05 56.88:22.90 8.73 + 3.31 7.29 + 4.01
5(1) 1.08 + 1.62 88.01 + 1.80 5.34 + 1.99 4.21 + 1.27
5(2) 0.01 + 0.01 96.41 + 1.21 1.77 + 0.42 1.86 + 0.54
5(9) 0.32 + 0.28 63.77 + 2.42 23.73 + 2.70 12.6632.14
5(10) 0.03 + 0.06 65.07 + 14.71 22.44 + 8.53 11.23 + 3.36
5A 0.05 + 0.10 27.55 + 9.99 51.02 + 8.84 21.72 + 1.96
5B 0.01 + 0.02 96.92 + 0.95 1.72 + 0.47 1.60 + 0.97
5D 1.01 + 1.33 25.70 + 2.60 58.92 + 3.63 13.56 + 1.26
5E 2.18 + 1.84 68.50 + 36.74 9.41>10.53 15.96 + 23.41
5F 457 + 5.59 34.08 + 7.43 51.00 + 4.28 10.35 + 2.20
5G 0.08 + 0.16 81.58 + 3.05 9.72 + 1.50 7.78 + 156
6A 0.24 + 0.18 33.47 + 3.50 48.6523.02 17.85 + 1.58
68 0 11.37 + 8.48 62.80 + 5.62 25.80 + 1.55
6¢ 0.1630.16 69.00:15.53 12.29 + 7.93 16.18 + 7.27
6D 0.10+0.18 89.03 + 5.80 4.33 + 2.25 6.54 + 3.02
6F 0.34 + 0.38 34.83 + 26.53 32.86 + 11.88 28.62 + 13.42
7A 0.01 + 0.03 34.58 + 5.60 58.05 + 4.12 .7.46 + 180
7B 0 86.68 + 4.52 8.02 + 2.83 5.30 + 1.96
7C 0.35 + 0.56 15.07 + 1.79 44,42 + 1.93 40.17 + 2.61
7E 0.5131.01 31.72 + 2.88 54.95 + 4.05 13.26 + 1.55
TG 0 89.95 + 1.01 8.83 + 0.57 1.24 + 0.38
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Tabl e 4.3 Hydrographic Data for 1984 BSMP Survey

Station TEMPERATURE ©C SA LINIT Y (io0) DI SSOLVED OXYCGEN (ppm)

Station Depth (m Surface Mid Bott om Surf’ace Mid Bott om Surface Mid Bott om

2E 7*5 -0.4/1m ~1.2/3m -1.3/6m 22.44 30.69 31.27

2F 2.0 ,=0.9/1m -0. 5/2m 21.10 25.56

3A 6.0 -0.4/1 m -0.7/3m -1.0/5 m 23.57 25.99 28.65

3B 4.0 -0.5/1 m -0.5/2m -0.5/3 m 23.71 24.07 26.28

4A 5.0 2.1/1m 1.6/4m 18.88 18.95 12.1 12.5

4B 8.0 1.5/1m 1.4/4m 0.2/7m 19.02 19.08 26.52 13.5 13.3 13.4

4C 9.0 -0.2/1m -0.4/5 m -0.7/9 m 17.43 24.14 29.52 13.0 13.4 13.7

58 12.0 0.0/1 m -1.2/6 m -1.2/11m 22.37 31.13 31.64 12.6a

5B 16.5 -0.3/1m -1.2/8 m -1.3/15m 25.20 29.38 31.78 12,22

5D

5E 18.0 -0.4/1 m -1.2/9 m -1.2/17m 24.85 30.83 31.64

5F 2.0 -0.6/ m 28.22

5G 9.0 -0.6/1 m -1.0/5m -1.0/8m 22.72 30.18 31.64 11.92

5} 1} 5.5 -0.2/1m -0.2/3m -0.9/5 m 23.57 23.78 30.03

5(2 55 -0.3/1m -0.4/3 m -0.8/5 m 23.50 23.71 30.47 12.6°

5(5) 7.0 -0.41 m -0.5/3m -0.8/6 m 23.57 23.50 30.03

52 10) 9.0 -0.3/1m ~0.6/4m -1.1/7.5m 22.09 28.58 31.56 12,72

6A 3.0 2.2/1m 0.1/2m 17.64 30.47 12.0 13.0

6B 6.0 0.5/1 m 0.4/5m 29.96 30.32 12.1 11.8

6C 15.0 0.6/1 m 0.0/7m -0.6/14m 17.50 23.00 30.62 12.2 12.8 13.8

6D 18.0 0.6/1m -0.5/9 m ~0.8/17m 17.16 27.28 31.34

6F 13.0 0.3/1 m -0.1/6m -0.5/12m 19.71 28.44 31.34

7A 2.0 2.0/1 m 16.54

7B 6.0 0.6/l m 0.6/3m 0.5/5m 21.52 21.52 22.86

7C 15.0 0.6/l m 0.37 m -0.7/14m 17.70 31.20 31.71

7E 3.0 1.9/1m 1.9/3m 20.06 20.06

7G 3.0 1.2/1m 1.22/5m 23.71 23.71

aA nalyzed by Winkler Titration Method.

Bl anks indicate no sanple was anal yzed



The fluctuations in water tenperatures are s mall with changes in depth as well
as between stations. Tenperatures range between -1 .3*Cand22°C. The dissol ved
oxygen data, although limted, suggest we.ll-oxygenated waters throughout the w ater
colum. Values for dissolved oxygen range between 11.8 ppm and 13.8 ppm

4.6 Quality control. Resul t s

46.1 Metal s

Accuracy was deter nmined by analyzing Standard Reference Materials (S R M)
sedi ment standard MESS-1 and oystertissue N BS-SR M 1566. Results for analysis of five
replicates of these standards and the certified or best values are shown in Tables 4.4 and
4.5. Cenerally the range of values obtained overlaps with the range of best val ues,
verifying that the methods e m ployed are accurate.

A nalytical precision was also determned by analyzing replicates of the SR M
(Table 4.4 and 4.5). The precision (coefficient of variation, CV) for metals in sedinent is
10% or less, Wth the exception of Cr which showed greater variability, the precision is
al so excellent for tissue sa m pies.

Detection limts were calculated fro mthe procedural blanks by using tw ce
the standard deviation of the mean for replicate procedural blanks (Tables 4.6 and 4.7).
The detection lints were nmostly in the range of tenths to several pp mdry weight and did
not prevent quantification of nmetals in sa mpies. Reagent blanks were deter nined before
the field sa m pies were analyzed to verify that detection limts w ould not be adversely
affected by reagents (Tables 4.8 and 4.9).

Because Ba in sediments can be a difficult netal. to dissolve, approximtely
10% of the sediment sa mpies were analyzed by both X RF and IC A P. The X R F technique
does not require sediment dissolution. The results of the technique co mparisions are
shown in Table 4.10. The mcans of five replicate field grab sa mpies are within tw
standard deviations for the different techniques.

4.6.2 Hydrocarbons

The hydrocarbon Q C program consisted of the analysis of procedural bl anks,
bl ank spikes, the reextraction of sa mpies, and the analysis of a National Qceanic and
At mospheric Ad mnistration/National Analytical Facility (N O A AN A F) reference
sediment. Blanks analyzed by U VIF at 312 and 355nm e mission wavel ength yielded total
| aboratory background concentrations between O and 356ug Prudhoe Bay oil equivalent
whi ch, when divided by a sanple weight (e.g., 150 g of sedinent) are within an acceptable
range. Some of this background at 312 n mmay be due to the the o-terphenyl internal
standard. The same bl anks anal yzed by G C-FID showed a series of sm all peaks (probably
phthalic aci d esters) eluting around n-C 25, Potential interferences fro mthese
conponents were considered nminim alL

Bl ank spikes consisted of a m xture of n-alkanes (range n-C 10to n-C 34)anda
1-m1 anmpul e of NBS-SR M 1647(PA H i n acetonitrile). Recoveries of the n-alkanes,
cal cul ated versus added androsane internal standard, ranged between 50 and 100§, with
10 w er recoveries associated with the more volatile conponents. Recoveries of individual
PA'Hin NBS-SR M 1647 are listed in Table 4.11.Recoveries of several PA H were | ow and
some what variable. Steps have now been taken to m edify analytical procedures (in
particular solvent concentration nmethods, which are a major source of volatilization
| osses) in order togain higher and more unifor mP A H recoveries.

In order to determine the adequacy of the extraction methods, sedinent
sa mpies were reextracted and found to contain between 0.01 and 0.09 ug/g dry weight
total saturated hydrocarbons, indicating that the extraction method em pl.eyed thoroughly
extracted all hydrocarbons.

Four sediments were fortified with Prudhoe Bay crude il following initial
extraction, then reextrac :d and analyzed by U VIF o determne total. oil concentrations.
The results, shown in Table 4.12, indicate recovery of the spike ranges between 60 to 75$.
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Table 4.4 Analysis of Replicate Sanples of Mess-1, a Standard Reference
Sedi ment .
METALS (ppm Dry Weight)
Ba Cd Cr Cu Pb Vv Zn
270 0.720 63 23 35.4 77 161
270 0.740 62 29 31.9 81 168
284 0.760 62 26 33.5 79 171
279 0.685 64 24 37.9 77 176
279 0.631 66 27 34.5 81 176
275 0.667 64 30 36.5 81 170
273 0.707 64 24 32.7 77 164
275 0.706 63 28 32.7 84 167
Mean 275 0.702 64 26 34.4 80 169
S.D.2 4.8 0.041 1.3 2.6 2.1 2.6 5*3
CV(%)P 2 6 2 10 6 3 3
Best Val ue’ 270 0.59 71 25.1 34.0 72.4 191
S.D. 0.10 11 3.8 6.1 5*3 17

a Standard Deviation
C ocefficient of Variation

C Values reported by the Marine Analytical Chenistry Standards Program

Nat i onal

Research Council, Canada
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Table 45

Ref erence Tissue,

Anal ysis of Replicate Sanples of Oyster Standard 1566, a Standard

METALS (ppm Dry Wi ght)

Ba Cd Cr Cu Pb ' Zn

4*43 3.84 0.69 59*7 0.50 1.34 823

4,78 4.05 .86 59. 2 0.50 0.94 815

5.48 4.16 2.01 59.7 0.46 1.14 832

4,98 3*95 3.88 59.7 0.46 1.14 827

5%¥33 3.89 0.75 58.7 0.46 1.14 827

Mean 5.00 3.98 1.64 59.4 0.48 1.14 8.25
S.D. 0.42 0.13 1.36 0.5 0.02 0.14 6
Cv(%) 8 3 83 1 5 12 1

Best Val ue N A 35 0.69 63.0 0.48 N A 852

N A = Not Available.

95



Table 46 Analysis of Replicate Procedural Blanks for Sedim ent Digestion.
METALS (ppm Dry Wi ght)
Ba Cd Cr Cu Pb v Zn
1.8 0.100 8.6 1.60 1.60 1.0 3.0
1.6 0.100 8.4 0.80 1.60 1.80 4.0
1.8 0.100 9.2 0,80 1.60 1.60 3.8
1.6 0.100 9.2 0.40 1.28 [.0 3.4
2.0 0.100 10.0 0.80 1.60 1.6 10.0
Mean 1.8 0.100 9.08 0.88 1.54 1.4 4,84
S.D. 0.17 0.0 0.63 0.44 0.14 0.37 2.91
v (% 9 0 7 50 9 21 60
Det ection
Limt 0.4 0.04 1.2 0.9 0.3 0.4 6.0
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Table 4.7

Analysis of Replicate Procedural Bl anks for Tissue Digestion.

METALS (ppm Dry Wi ght)

Ba Cd Cr Cu Pb v Zn

0.040 0.053 0.04 0.40 0.55 0.80 0.90

0.040 0.053 0.07 0.40 0.50 2.20 1.00

0. 060 0.107 0.07 1.00 0.55 1.00 1.00

0. 040 0.053 0.08 0.40 0.50 0.80 1.00

0. 040 0.053 0.09 0.40 0.55 0.80 1.00

Mean 0.044 0.064 0.07 0.52 0.53 1.12 0.98

s.D. 0.009 0.024 0*02 0.27 0.03 0.61 0.05
CV (%) 20 38 27 52 5 54 5

Det ecti on

Limt 0.01 0.04 0.04 0.5 0.06 1.2 0.1
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Tabl e 4.8 A nalysis of Replicate Sam ples of Reagents to Establish Reagent Bl ank
for Sedim ent Digestion.

METALS (ppm Dry Weight)

Ba Cd Cr Cu Pb v Zn
6.0 0.100 2.6 700 1.92 10.0 8.1
5.0 0.120 2.6 3.0 1.60 6.0 7.0
5.0 0.140 2.4 3.0 1.92 5.0 7.0
Mean 5.3 0.12 2.5 4.3 1.81 7.0 7.4
S.D. 0.58 0.02 0.12 2.3 0.18 2.65 0.64
CV (%) 11 17 5 54 10 38 9
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Table 4.9

Analysis of Replicate

for Tissue Digestion.

Sam ples of Reagents to Establish Reagent Bl ank

METALS (ppm Dry Wi ght)

Ba Cd Cr Cu Pb v In
0.2 0.107 .04 0.2 0.50 0.4 0.4
0.2 0.160 .07 0.2 0.63 1.1 0.5
0.3 0.040 .07 0.5 0.55 0.5 0.5
Mean 0.23 0.10 0.06 0.3 0.56 0.67 0.47
S.D. 0.05 0.06 0.02 0.14 0.07 0.31 0.05
CV (%) 22 60 29 47 12 46 10
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Tabl e 4.10 Comparison of Techniques for Determ nation of the Concentration of
Metal s in Sedinents.
VETALS
Ba Cu Pb Zn

Station 5(1)(5Replicate Field Gab Sa m Pi-es)
Mean XRF 235 14.4 7.06 41.7
S.D. 18 2.7 1.30 3*Q
Mean | CAP 237 9.0 34.6
S.D. 18 2.7 2.2
Mean ZGFAA 4.92
5.D. 0.33

Station 5A (5 Replicate Field Gab Sanpl es)
Mean XRF 456 23.2 10.52 86. 2
S.D. 167 2.8 2.06 53
Mean | CAP 541 20.6 65. 4
s.D. T4 1.1 5.4
Mean ZGFAA 9.13
s.D. 0.87
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Table 4.11 Recoveries of PA H Contained in NBS-SR 14-1647 Subjected to
Hydr ocarbon Anal ytical Schene. Data Reported Relative to
o-Terphenyl | nternal Standard.

Percent Recovery Relative
t 0 0-Terphenyl

Replicate No.

1 2 3 4 5 x + sd
N apht hal ene 30 24 11 30 22 23 + 8
Fluorene 64 62 141 69 58 79 + 35
Phenant hrene 131 131 92 132 116 120 + 17
A +nt hracene
Fluoranthene 46 48 60 53 43 50 + 7
Pyrene 48 49 62 55 43 51 + 7
Benzo(a)anthracene 38 45 122 48 37 58 + 36
Chrysene 43 46 112 51 38 58 + 31
B enzof | uorant hene 95 119 81 113 97 101+ 15
Benzo(a) pyrene 30 38 86 30 30 43  + 24
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Tabl e 4.12 Analytically~-Determined U V/ F Total O Concentrations in Sedi m ents
Fortified with Varying Concentrations of Prudhoe Bay Crude 0il
Concentration WIF (312 nm W/ F (355 nm)
Sanpl e Added Concentration Concentration
Replicate (ne/g dry weight) (ug/e dry weight) (ue/g dry weight)
1 181.8 136.2 145.7
2 149.0 94.7 94.7
3 228.8 135.5 145.9
4 148.4 9 3 * 5 97.6
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The concentration of total saturated hydrocarbons and sel ected hydrocarbon
paraneters in the N O A AN A F reference sedinent sanples are shown in Table 4.13. Since
the values determined by the NOA AN A F are not known, we are unable to co mment on
the agree ment of our data with those of N O A A laboratories. However, it is evident from
Table 4.13 that excellent agreenent was attained among the three replicates anal yzed,
indicating good analytical precision. A simlar conclusion can be derived fromthe
concentration of individual n-alkanes (Table 4.14) and P A H (Table 4.15). Since no SR M
was included in the analyses, a determ nation of accuracy could not be made in this
sanpl e set.

4.6.3 Total. Organfc Carbon

Table 4.16 presents the resuits of the Q C data obtained for the total organic
carbon analyses. Single replicate sa mpies fromtw stations were randomy chosen and
split. Three analyses were perform ed oeach sanple to deternine reproducibility of the
anal ytical method. As can be noted fro mthe data, variability between splits is mninal
and 1 ndicates acceptable analytical precision.

Since no SR Mor spiked sa mpies were analyzed, accuracy could not be
det er m ned.

4.6.4 Grain Size

The quality control program m aintained by sedinent |aboratory is part of a
Battelle | aboratory-wide Q C program  Project-specific measures carried out include
docunentation of sanple custody and data handling, reagent Q C checks, and the analysis
of numerous split sa mpies to ascertain nethod variability,

Table 4.1 7 presents results of nine duplicate sediment grain size analyses
performed during the course of the analytical work. These data indicated that, for the
wi de range of sedinent textures analyzed, reproducibility of the nmethods is acceptable.
As can be expected, the greatest variability occurs in the -1 phi category (gravel). In the
hi gher phi classes (or smaller grain sizes), less variability bet ween split sa mpies is
obser ved.

Since no S R Mwas included in the analyses, a determination of accuracy could
not be made in this sanple set.

5.AN ALYSES AND | NTERPRETATI ON OF DATA

5.1 1 ntroduction

The task of analyzing and interpreting the data consisted of two basic
approaches. The first approach dealt with an exam nation of the data from geoche mical
and biogeoche mical perspectives. In this approach, spatial distributions of metals and
hydrocarbons were examned along with co m positional aspects of the data which
suggested generic sources of observed distributions. It is the geoche mical perspective
which sets up the fram e work for null hypothesis testing, insofar as the interpretation of
the data suggests key diagnostic parameters and paraneter ratios to be used in hypothesis
testing.

The second interpretive approach was a statistical one which, during the
Year 1 program examined the statistical aspects of the data set, including the within-
station variability in the key parameters and paranmeter ratios. Thus, the statistical
anal ysis was geared tow ards determining what degree of change might be detectable given
the variability, and the existing and alternate replication sche m es.

5.2 Metals Chem stry

During the first year of this program wehave established the concentrations
of seven netals in sediments collected during Septe m ber 1984 from the Beaufort Sea
continental shelf. Sediments were collected and analyzed from 27 stations with 6
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Table 4.13 Concentrations of Total. Saturated Hydrocarbons (F 1) and Selected
Hydrocarbon Paraneters in N O A A Reference Sedinents.

Replicate No.

Par anet er 1 2 3 X + sd
Total Saturated Hydrocarbons 10.39  10.89 9*93  10.40 + 0.48
(ug/g dry weight)

% Resol ved 15 15 14 15 + 1

% Unresol ved 85 85 86 85 + 1
Pris/n- C 17 0.70 0.61 0. 62 0.64 + 0.05
Phy/n- C 18 0.29 0.22 0.26 0.26 + 0.03
Pris/Phy 1.21 1.73 1.45 1.46 + 0.26
0EP’ 6. 44 5.91 5. 87 6.07 + 0.32

*Qdd Even Predoninance Index as defined by Boeh m (1984).
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Tabl e 4.14 Concentrations of n- Alkanes in N O A A Reference Sedi nent.

Concentration (rig/gdry wt.)

n-Alkane Replicate No.

Carbon No. 1 2 3 x + sd
10 8 3 3 5 + 3
118 308 357 285 317  + 37
12 3 4 3 3 + 1
13 4 4 Y 4 1 0
14 3 5 4 4+ 1
15 9 10 10 10 + 1
16 24 21 20 2 o+ 2
17 9 12 1 1M1+ 2
18 18 18 8 15 + 6
19 16 12 15 14  + 2
20 8 8 8 g8 + 0
21 50 50 48 49 + 1
22 18 14 12 15  i- 3
23 26 20 17 21 + 5
24 26 16 14 19 + 6
25 41 34 30 35 + 6
26 30 23 20 24  + 5
27 75 73 62 70 + 7
28 38 34 29 34 + 4
29 160 178 149 162 + 15
30 6 28 23 19 =+ 12
31 237 267 220 241 4+ 24
32 24 22 19 22+ 3
33 90 113 75 93 + 19

a Elevated val ue due to conta Oination.
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Table 4.15 Concentrations of Polyeyclic Aromatic H ydrocarbons (PA H) in NOAA
Ref erence Sediment.

Concentration (rig/gdry w.)

Replicate No.
Co m pound 1 2 3 x + sd
Naphthalene 1 2 3 2+ 1
C 1-N aphthalenes 1 2 1 1T + 1
C 2-N aphthalenes 1 2 2 + 1
C3- Napht hsl enes 1 2 l Lo+ 1
C 4-N apht hal enes ND ND ND
Biphenyl <1 | 3
C 1~Biphenyls =3 =1 <1
C o-Biphenyls ND <1 ND
C 3-Biphenyls ND ND ND
C y-Biphenyls ND ND ND
Phenanthrenes 3 4 2 3 0+ 1
C q-Phenanthrenes 6 8 5 6 + 2
C 2-Phenant hrenes 4 7 4 5 + 2
C 3-Phenant hrenes 1 3 1 2 o+ 1
C 4-Phenant hrenes ! 1 <1
Di benzot hi ophene <1 <1 =<1
C 4-Dibenzothiophene <] 1 <1
C 2-Di benzot hi ophene 1 2 <1
C 3-Dibenzot hi ophene ND 1 ND
Fluoranthene 6 10 6 7 0+ 2
Pyrene 8 1 8 9 + 2
Benzo(a)anthracene 3 13 3 6 + 6
Chrysene 5 12 4 7 + 4
Benzofluoranthene 25 56 25 35 + 18
Benzo(a)pyrene 9 20 9 13 + 6
Benzo(e)pyrene 6 18 6 10 + 7-
P erylene 41 61 43 48 + 11
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Table 4.16 Quality Control Data for TotAl .
Organi ¢ Carbon Anal yses.

STATION 7E-1006

Split A
Split B
split ¢

sTATION 7G- 1006

Split A
Split B
split ¢

TOC (mg/g)

18.2
15.9
18.9

16.9
17.8
28.2
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Table 4.17 Quality Control Data for Gain Size Analysis.
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STATI ON 4A-10C3

A B
38.79 58.86
491 3.60
4.43 3.46
10.72 7.37
8.82 5.94
3.13 2.12
4.21 2.09
3.98 2.65
3.98 2.76
3.48 2.38
4.01 2.06
1.55 1.39
7.99 5.32
STATION 6F- 1004
A B
0.91 0.47
0.47 0.08
0.68 0.28
0.48 0.50
1.38 1.25
14.36 11.77
7.58 12.24
11.67 9.36
13.53 13.70
10.93 11.04
8.73 9.90
6.87 8.22
22.42 21.18
STATION 5F-1003
A B
4,92 2.52
2.20 1.84
11.11 11. 42
15. 49 17.76
34. 66 37.11
8.36 8.11
1.54 0.56
2.22 2.95
3.20 2. 64
3.70 3.71
3.17 3.37
2.70 1.64
6.73 6. 36

STATI ON 5(1)- 1001

STATION 5B-1003

A B
0.33 0.06
0.75 0.53
2.19 2.58

11.14 11.89
60.97 60.59
12.16 10.53
2.08 3.00
2.61 2.33

1.47 2.04
1.49 1.39
1.13 0.88
0.90 131
2.79 2.88
STATION 5E-1 003

A B
4,92 2.52
2.20 1.84
11.11 11.42

15*49 17.76
34.66 37.11
8.36 8.11

154 0.56
2.22 2.95
3.20 2.64
3.70 3.71
3.17 3.37
2.70 1.64
6.73 6.36
STATION 7A- 1001

A B

0 0
0.09 0.10
0.22 0.19
0.26 0.38
1.82 1.90

26.19 27.21
39.88 37*94
13.80 13.16
4.68 5.18
3.65 3*95
2.99 2.62
1.26 1.81
5.16 5.57

A B
0 0
0.04 0
0.46 0.47
16.45 17.42
77.28 76.19
3.37 3.42
1.91 2.00
0 0
0 0
0 0
0.48 0.52
0 0
0 0
STATION 2F-1007
A B
0 0
0 0.02
0.07 0.07
1.53 1.46
42.87 41.73
37.42 35.13
3.63 4.80
4,16 4.38
2.99 3.80
1.71 2.42
1.83 1,59
0.65 1.03
3.11 3.58
STATION 7E-1001
A B
2.02 0
0.38 0.38
0.61 0.71
1.34 1.60
4.06 3.92
28.30 25.98
25.97 30.88
12.66 11.86
6.72 6.84
4.03 4.96
2.62 2.74
1.41 1.94
9.88 8.19
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replicate grabs per station analyzed for netals. The mcan, range, standard deviation, and
other neasures of wthin-station variance for m etals are presented in Section 4. The
concentrations of netals are simlar to those reported for other sandy and nuddy
continental shelf sediments fro mboth Al aska and other coastal regions of the United
States. The within-station variances are often in the range of 4-15%for coefficients of
variation (C V), although occasionally the C V exceeds 30%

The correlations bet ween netals, T O C, and sediment grain size indicate
approxi mtely 50$ of the variability in the metal concentrations can be predicted by
either T OC silt, or clay content. These three paraneters are about equally positively
correlated with netal concentrations. Usually, the stations with high CV for netals also
have high variance for T O C and grain size. This indicates that wthin-station variability
will be the factor that Xim its our ability to resolve differences between stations and
resolve tenporal trends (see Section 5.4).

5.2.1 Sedinent Sources and Dynami cs

During the last 20 years there have been several studies that investigated the
sources and move ment of sediments in the Beaufort Sea. The major riverine source of
sedi ment is tine Colville River which enters eastern Harrison Bay (Carlson, 1976). Mbst of
the river-borne sedinents are deposited in deltas or |agoons (Naidu et al., 1982).
Shoreline erosion is the other source of sediment to the area, estimated at 1-4 m/yr along
sonme regions of the coast (Hume and Schalk, 1967, Short et al., 1974).

The prevailing easterly winds transport both river plum es and resuspended
nearshore sediments westward during the open-water season. \Westerly storns, which
occasional |y occur during sum mer and fell, can be inportant in the easterly transport of
nearshore sediments (D ygas and Burrell, 1976). Ice-scouring and sedi ment rafting may
also be inportant sediment transport processes.

5.2.2 Rel ationships Bet ween Metals and Properties of Sedim ent

The broad regional variations in grain size, T OC and netals of the Beaufort
Sea surface sedinents have been discussed by N aidu et al. (1982). The general pattern
they observed is an increase in % nud (giit + clay) in sediment, T O C, and heavy netals
with distance offshore.  Cenerally, the mddle and outer continental shelf areas are
carpeted by poorly sorted sandy nmuds. The innershel f and bay sediments are mairily sty
sand and sandy silt with mnor anmounts of clay and gravel. The gravel onthe outer shelf
sedinents may be relict deposits, i ndicating that much of the nud transport on the shelf
I's apparently bypassing the shelf area and depositing in deeper water. The poorly sorted
sedi ments on the shelf are probably a result of mixng by ice gouging and bioturbation.

The correlation coefficient for netals, silt, clay, and T O C are all relatively
high. These correlations indicate the m etals are either associated with the organic
matter in the sedinent, the clay mnerals or the coatings on the sedinent particles.
Metal s correlate approximately the sane with either grain size as T O C (A correlation
Matrix i S presented in Section 5.4).

The rel ationships between Ba, % nud, and 4 T O C are shown in Figures 5.1 and
52. The line in these figures is the least- squares linear relationship. The mean
concentrations for 27 sediment stations were used to establish these relationships. Also
plotted on these figures are the nean and standard deviation for four regions of the
Beaufort Sea Study Area. Based on these data, the present concentrations and
distributions of Ba in the sediments appear to be controlled by grain size and TO C

The rel ati onship between V and % nud ﬁFi gur e 5.3) has a correlation
coefficient 0.86. The regi onal differences in V appear to be related to grain size, as well.
Sediments fro m Station 6B in East Harrison Bay contained the highest netal
concentrations and the highest st plus clay content. Station 6B is nearest the C olville
River delta. Qher stations in both East Harrison Bay (6 4-6F) and West Harrison Bay
(7TA -7 G) which contain high concentrations of silt and clay are similarly high in
concentrations of metals. How ever, stations with relatively 10 w gilt and clay cont ent s
(e.g., 6D ) contain 10 wer netal concentrations.

109



*B3G 110JNeaq Y} WOIJ SJUSWIPIS DRLING /7 ui(ker)
SNId 3TS) PN 1U3DI2J pue wniied [e10] U3am19g UONIB[D1I0)) Jeaur| YL 1°¢ 2an81g

08

-r
il

,
P

“
1
!

& e

¥
e —— -

Y~ SO B . W

110



*PaG 1JOJNEIY SY] WOIJ SIUSWIPIG DBLING
2Z Ut DOL 1U2D19d pue wnlieq [R10] U39m1d¢ UOTIR[O1100) Jeaul] Yy,

PSS
T

Cam ek

Y. T DR B

T

S

T

——— g .

— _|_

-

T

e
—

Z°¢ aandry

111



*©ag 1J0JNELag Sy} UIOIY SIUDWIPIS IDRJING
[Z Ul pniy 1USDIDJ pUe WNIPEURA (€10 U3DM]I¢ UOTIR[I1I0D) Jeaur] oy €°¢ a3y

1 sbypnag
R

112



5.2.3Conpari son of Metals Chemistry With Hstorical Data

The concentrations of netals reported by this study are simlar to values
reported by Robertson and Abel (1979) and Naidu et al. (1982) for the Beaufort Sea and by
Cam pbell and Loring (1980) for Baffin Bay in the Canadian Arctic. There are considerable
ranges in netal. concentrations shown in Table 5.1 due to both variation in sediment
texture and possible differences in analytical techniques. AL sediment chemstry studies
in the Arctic have reported the strong positive correlation between increasing nmetals
content and decreasing particle size. For exam pie, Canpbell and Loring (1980) report the
correlation coefficient for cuwith % nud, nearly identical to that determned in the
present study; r=076 and r= 0.85, respectively.

The netal concentrations in Beaufort Sea sedinents are in the range of those
reported for simlarly textured sedinents on both the East and West coast of the United
States (Bothner et al.., 1983; Katz and Kaplan, 1981).

5.2.4 Geographi cal Trends

Based on the data for the 27 stations sa mpled, there do not appear to be
geographical trends in the concentration of netals in the sediments other than those
differences attributable to changes in T O C and grain si ze. The mean sedi nment
concentrations of metals, T OC and nud in four regions of the Beaufort Sea are shown in
Table 5.2. There is alnost no difference in the concentrations of Cd, C, Cu, and Zn in
the four regions. There are increases in the concentrations of Ba, Pb, V, T O C and nud in
the sediments fro m East Harrison Bay area (the "6" stations) and West Harrison Bay
stations (the ™7"stations)com pared to the Foggy Island Bay (the "3" and ™" stations) and
Prudhoe Bay (the “5” stations) sedinents. The concentrations of m etals in the two
stations fro mWest Canden Bay are not included in Table 5.2 but are simlar to those
deter mined for stations near Foggy Island and Prudhoe Bay. These |imted data suggest
that either there are no major differences in the chem cal co mposition of sediments
supplied to the B eaufort Sea by rivers and shoreline erosion or the differences in
co mposition are lost as the sediments aremxed and dispersed on the shelf. There maybe

a significant trend of increasi n? T OCtoward the west that is not due to grain size. The
sources of the T O C are probably the rivers and shoreline erosion.

5.2.5 Metals in Bivalve Ti ssues

The nean concentrations of netals in bivalve tissue are listed in Table 5. 3.
Because of the difficulties in collecting adequate nu m hers of bivalves only three stations
were analyzed for netals. The mean concentrations and standard deviations represent
either three or five replicate analyses. Each sanple was a conmposite of 5-10 individual
bivalves. The standard deviations are usually about * 25% of the mcan, indicating that
m cans which differ by a factor of two may be significantly different.

The only metal that appears to vary between species is Cd which is
approxi mately six tinmes higher in Astarte than in C yrtodaria. There appear to be
bet ween-station differences in netal concentrations for Astarte, particularly for Cu.
Three metals (C u, Zn and Cd) are present in bivalve tissues in concentrations equal to or
greater than the concentration of metals in the sediments fro m which the bivalves were
col lected. Both Cu and Zn, which are necessary micronutrients to animals, are present in
tissue at approximately the sedinent concentrations. Cd, which has not been
denonstrated to be a necessary element, isS biocaccumulated i n the tissueto between 7-15
times the concentration in t he sedi ment. The other four m etals (Ba, Cr, V and Pb) are
approximately 10 tines 10 wer in tissue than in sedinent. If the bivalves were
bioaccu m ulating metal s from sediment there could be a correlation between tissue and
sedi ment concentrations. There is no obvious relationship between the concentration of a
given netal in tissue and sediment. However, the data are limted to sediments that were
sandy and simlar in metal content.

Addi tional bivalve sa mpies to be collected during the second year will. allo w
conparison of difference within species and between species, and relationship to sedi ment
chemstry.
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Table 5.1 Range of Total Metal Concentrations in Arctic Coastal Sedim ents.

PPm Dry Weight

This Study Naidu et al. (1982) Campbell and Loring (1980)

Ba 193 - 745

Cd 0.04 - 0.29

Cr 17 - 92 82 - 97 16 - 139
Cu 5 - 37 10 - 61 4-42
Pb 3-17 4-42
v 32 - 153 25 - 275 47 - 156
Zn 19 - 112 38 - 130 17 - 83
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Table 5.2 Regi onal Differences in the Co mposition Of Sedim ents Col | ected in 1984 from the Beaufort

Sea.

Study Region

(No. of stations) Ba d _Cr _Cu Pb v Zn TOC Mud
Dry Weight ppm $ Dry Weight

Foggy Island (5) Mean 309 014 47 23 6. | 59 51 0.62 32

(the *3'and "4’ S.D. 73 0.04 10 3 1.3 32 14 0.26 20

Stations)

Prudhoe Bay (10) Mean 279 0.16 37 15 6.5 60 53 0.99 33

(the *5"Stations) S.D. 120 0.07 13 5 1.8 26 17 0.78 26

eastHarri son (5) Mean 444 0.14 64 22 10.7 104 73 1.00 51

Bay (the " Stations) S. D. 157 0.08 17 9 3.5 28 21 0.49 28

Vst Harrison (5) Mean 587 0.10 58 16 9.9 92 69 1.48 48

Bay (the ‘7" Stations) S. D 78 0.03 12 6 2.8 28 17 0.89 31
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Table 5.3 C oncentration of M etals in Bivalve Tissue.
Ba Cd Cr Cu Pb Vv Zn
ppmdry weight
Station 5F(5replicate conposites of Cyrtodaria)
Mean 17 1.4 3.2 16 0.48 3.3 68
S.D. 5 0.1 0.7 4 0.08 0.8 8
Station 3A (5 replicate conposites of Astarte)
Mean 8.3 9.3 2.4 12 0.61 1.9 73
S.D. 1.5 3.1 0.5 3 0.16 0.4 9
Station 6D (3 replicate composites of _Astarte)
Mean 30 11.2 4.5 28 0.80 5.3 96
S.D. 6 1.2 0.4 1 0.12 0.5 3
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5.3 Hydr ocar bon Chemistry

5.3.1 Gener al Interpretational Franewor k

The data generated as part of the hydrocarbon chemstry task consisted of
generally two types of data: U VIF data which describe gross-fluorescence properties of
the sanple converted to quantitative data based on the arbitrary, but relevant Prudhoe
Bay Crude oil (P B C) standard; G ¢ -FID and G C/ MS data which yield the concentration of
i ndividual saturated (nor m al and isoprenoid alkanes) and aromatic (2- to 5- ring
homol ogous series) hydrocarbons, respectively. While U V/IF data may be precise and
infer mative in arelative sense, spatially the gross property data are insensitive to subtle
co mpositional changes and incre m ental additions of sub-pp minputs of ™e W m aterial
(i.e., pollutants). GC-FIDand GCU MS yield accurate and precise data at |ower
quantitative levels and, in addition, key source diagnosticratios can be cal cul ated and
al so used, along with quantitative data, to address the co mposition of anbient
hydrocarbon concentrations, and to address changes in the co m position overtine.

Qur approaches to interpreting the hydrocarbon data, in light of the four null
hypotheses to be tested, are sum marized in Table 5.4 through 5.7.

5.3.2 Sediment Hydr ocar bons

5.3.2.1 Overview of Hydrocarbon Data. The analytical results have been
sum marized i n Section 43. Total saturated hydrocarbon concentrations in surface
sediments (G C-FID data) range from 2.7 ppmto 69 ppm as shown in Figure 5.4, while total.
hydrocarbons (U VIF data) in Prudhoe Bay oil equivalents range fro m7.5 pp mto 310 pp m
as shown in Figure 5.5. Note that the two sets of values, G C-FID and U V/ F data, are not
directly co mparable, However, G C -FID (saturated hydrocarbon) and U V/F (total
“hydrocarbons) are highly correlated, with r - 0.88. Taking mean data fro meach station
we find that the area-wide ratio of saturates (G C-FIDV/total (U VIF) =0.34 + 0.11. It
shoul d be reenphasized here that U VIF determnations were obtained for all six sedinent
sanpling replicates at each station wbile six extracts were pooled at 20 of the 27 stations
to yield a single GC-FID and G ¢ M S analysis at these 20 stations. At the remaining seven
stations, each of the six sediment sa m pling replicates were analyzed by G C-FID
(saturates) and G ¢ M5 (aromatics).

H ghest hydrocarbon concentrations (greater than 60 pp m P B C equival ents)
were observed in the Colvile River area (E. H arrison Bay) and in H arison Bay in general,
(Stations 6B, 6A 6F, T7A 7C T7E), as well as at the nmouth of Gaydyr Bay (Station 5F) and
near the West Dock/Stump Island area (Station 5 D). In general, these stations contained
greater than 60% silt plus clay and greater than 10 mg/g T O C

5.3.2.2 U VIF Spectra. The U VIF spectral characteristics of the sedinent
extract were quite uniform throughout the Study Area. As illustrated in Figure 5.6, which
depicts a representative sediment U V/F spectrum along with that of P B C the mgjor
spectral bands for Study Area sedimentsare at 355n m corresponding to the 3-ringed
aromatics; 312 n m corresponding to the 2-ringed aromatics; and the spectral doubl et
corresponding to the co mpound perylene of diagenetic origin. Spectral characteristics of
PBC are simlar, with maxima at 312 and 355 nm al though the 312 nm peak shows greater
abundance than the 355 n m peak. No perylene doublet is observed in the oil. Due to the
| arge background fluorescence in the area’s sediments, it is highly doubtful whether U VIF
results will be effective in detecting small incremental additions of petroleum
hydrocarbons to the sedinent.

5.3.2.3 Gas Chro m atographic Co m position of Saturated Hydrocarbons. The
saturated hydrocarbon co mposition of the Beaufort Sea Study Area sedinents is quite
unifor m despite absolute concentration differences that range over one and a half to two
orders of m agnitude. This co m positional honogeneity strongly suggests that the
sediments fro mthe entire Study Area are simlarly sourced.

The rmoderately strong dependence of the saturated hydrocarhbon
concentrations on silt/clay content (r = 0.8 for saturates versus silt, and r = 0.55 for
saturates versus clay) and on T O ¢ content (r = 0.7 for saturates versus TOC is illustrated
in Figures 5.7 and 5.8.
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Tabl e 5.4

Saturated Hydrocarbon Quantitative Para meters (G C/FID)
Used to Test Null Hypotheses H g1 (Sediment Concentrations)
and H 3 (Bivalve C oncentrations)

PARAMETER

SI GNI FI CANCE

Total n-alkanes (TALK):

n-al kanes C 1g-Cop (L AL K):

Phyt ane:

Unresol ved Conplex Mxture (UC M:

Quantifies n-alkanes fro m n-C ¢
to n-C 34; baseline data are
available at area wide stations in
t he Beaufort. This total is
directly related to the fineness of
the sediment and, hence, to the
total organic carbon content.

Crude petrol eum contains
abundant anmounts of n-alkanes in
this boiling range; unpolluted
sa mpies are very 10 w in many of
t hese alkanes.

This isoprenoid alkane is 10 win
abundance in unpolluted sedinent;
crude oil contains significant
quantities of phytane.

The U C Mis generally a feature of
weat hered petroleum although
mcrobial activity can contribute
to formation of these G C/ FID -
unresol ved conponents.
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Table 5.5 saturated Hydrocarbon Parameter Source Ratios (G C/FID) Used to
Test Null Hypotheses H g2 (Sedinent Hydrocarbon Sources) and H g4
(Bival ve Hydrocarhbon Sources).
PARAMVETER S| GNI FI CANCE
1. LA LK/TALK This ratio has been applied to monitoring
studies to indicate the relative abundance
of C 4 - C pg alkanes characteristic of |ight
crude and refined oils, over the total
alkanes which are diluted by terrigenous
plant waxes.
2.  Isoprenoid Alkane/Straight This parameter ratio measures the relative

3*

5*

C hain Alkane Ratio

Pristane/P hytane Rati o:

n-al kanes/ Total Organic
Carbon (TO O):

O E Pl (odd-even carbon
preference index):

abundance of branched, isoprenoid alkanes
to straight chain alkanes in the same
boiling range. This ratio is a useful
indicator of the extent of biodegradation
and a source indicator as wen.

The source of phytane is mairily petrol eum
whi | e pristane is derived fro m both
biological matter and oil.. |n "clean"
sa mpies, this ratio is very high and
increases as oil is added.

The ratio of total saturated hydrocarbons
(TOT) to TOC, or n-alkanes (a subset of the
saturated hydrocarbons) to T O C has been
used to nonitor oil inputs. In sediments
receiving ™or mal" pol | utant inputs within
a given region, a specific TOT/TO C or
n-alkaneg/T O C ratio is characteristic of

t he "geoche mical providence". T O C, n-
alkanes,and other pollutants are associated
with finer particles (i.e., high silt/clay
content). Small (tens of pp m) additions of
petroleumto the sedinment cause the ratio
to increase dram atically, Since n-alkanes
(Kr'g) increase and TO C ( uwg/g) does not.

The range of O E Pl values for Beaufort Sea
sedi ments has been established. G| 10 wers
the OE Pl value. OE Pl values in areas of
10 w hydrocarbon content have been used as
an effective monitor of oil additions.
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Table 5.6 PAH Quantitative Parameters (G C/M5) Used to Test Null
Hypotheses Ho 1 (Sedinent Concentrations) and H3 (Bivalve
Concentrations).
PARAMETER SIGNIFICANCE

1. Total P olyc yelic Aromatic
Hydrocarbons (PA H)

2. Individual PAHand PAH
homol ogous series (i.e.
naphthalenes, phenant hrenes
and di benzot hi ophenes)

The sum of 2-5 ringed aromatics is a
good quantitative indicator of
petrogenic addition if statistical
limits are determined. The sum of
2-3 ringed P A His a better indicator
since these conponents are nove
prevalent in oil

Key individual P A H conpounds may
be quantitatively less variable than
the total P A H paraneter. Al so,
several individual marker co m pounds
(e.g., the alkylated dibenzothiophenes)
may be extremely sensitive key
monitoring paranmeters.
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Table 5.7 PAH Source Paraneters (G C€/MS) Used to Test Null
Hypot heses Hy2 (Sedi ment Sources) and H4 (Bival ve
Sources).

PARAMETERS SI GNI FI CANCE

1. Fossil Fuel Pollution Index Pyrogenie OFr CO m bustion-derived
(F F pra P A H assenblages are relatively nore
enriched in 3-5 ringed PAH
co m pounds; fossil fuels are highly
enriched in 2-3 ringed P A H and
polynuclear organc-sulfur CO m pounds
(e.g., dibenzothiophene and its alkyl
ho m ologues). This ratio i s designed
to deternmine the  approxi mate
percentage of fosssil fuel to total
PAH.

2. Alkyl Ho m ologue Used to assess the inportance of
Distribution fossil fuel and conmbustion P A H
sour ces.

3, Specific P A H ratios For exam ple, the rati o of
phenant hrenes to di benzot hi ophenes
appear to be related to specific
sources of P A H(and others).

4  PA HTOC Anal ogous to total hydrocarbon/TO C
ratio.

a FFP|=N+ ‘+‘+‘BTV|OO
Total PAH

100 for fossil P A H (0il, coal)
Ofor conbustion PAH

where
N = CON, CqN, CoN, C3N, CyN (naphthalenes)
P =CqP, Cq4P, CoP, C3P, CyP (phenant hrenes)
F ' «CoF, C4F, CpF, C3F (fluorenes)
DBT= CO DBT, C4DBT, C2DBT, C3DBT (dibenzothiophenes)

Total. PAH= N+ P+ F+ DBT+FLAN+PYRN +BAA+CHRY+BAP+ BE P + BFA + PERY
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Figure 5.6 Typical UV/F Spectra of A-Prudnoe Bay Crude O | Reference Standard and
B-Typi cal Sedinment Extract.
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Figure 59presents several. G G FID traces representing stations of low,
mediu mand high (Stations 5(1), 7 G and 6B, respectively) hydrocarbon concentration. The
chro m atogra ms illustrate a n-alkane co mposition containing a full suite of alkanes |l%m n-
C 1o through n-C33. There are two distributions superi oposed on one another: the n-
alkanes fro mn-C, 5 to n-C 4 consisting of similar quantities of odd carbon nunber and
even carbon nu in ber alkanes; the n-alkanes fro mn~C 54 through n-C 33 exhibiting a strong
odd carbon nunber predo minance. The hi gher m)l ecul ar wei ght alkane odd carbon
predom nance can be expressed as:

2(Co7+ C29)
(Cog+ 2 C28 + C30)

(Barrington and Tripp, 1977; Boehm, 1984). This odd-even predom nance index (0EPI) is
relatively high in all study area sediments, ranging from2.7 to 8.1 (Table 5.8). These high
O E PI values attest to the inportant contribution of terrigenous plant wax m aterial
transported by fluvial di scharge to coastal waters. These terrigenous plant waxes have
been observed commonly else where (W akeha m and Barrington, 1980).

The more interesting distribution concerns the C 1p to C pg n-alkanes, the su o
of which is equal to the LALK paranmeter in Table 58 This alkane distribution very nuch
resenbl es petroleum -like distributions. As often is the case foroispill studies (e.g.,
Figure 5.10),the presence of L A L K signifies petrol eum i nputs superinposed on a
background consisting mairily of terrigenous pl ant wax alkanes. T his di stribution was
observed for all Beaufort sedim ents. Either all of the sediments are significantly
contam nated with petrol eum hydrocarbons or another diagenetic source nust be
postulated.  This source is alnost certainly peat which is found abundantly in the
sedi ments and which is sourced to the sediments fro mtundra cliff erosion. No direct
anal yses of peat fromthe area are available for conparison.

Al'though the total alkanes, n-C 49 through n-C 34 (TALK in Table 5.8) range
over elmost two orders of magnitude, the ratio of L AL Kto T AL Kis relatively constant.
The L AL K/ TALK ratio ranges narrowlyfro m 0.12 at Station 5D to 0.48 at Station 6D and
for the entire study area averages 0.27 + 0.08. This ratio value is quite precise within a
given station (see Section 5.3) with ‘TX val ues (coefficients of variation = CV) typlcaII%
0.04 to 0.12, thus making it a good nonitoring candidate due to the fact that fres
petrol eum will add preferentially to the n-C 19 to n-C 59 range. The variability in the
TALKand L AL K paranmeters themselves are nuch greater, with CV values ranging fro m
0.05to 0.68 for LALK and 0.10to 0.45 for TALK

The G C-FID traces shown in Figure 5.9 also exhibit other features co mmon to
petrol eum and ot her diagenetic sources (i.e., peat). Branched alkanes are abundant in the
chro matogra ms. The highly branched isoprencid al kanes have been examined in detail as
source indicators and possible m onitoring para m sters. Table 5.8 presents mean data on
pristane and phytane concentrations as well as the pristane/phytane ratio.  Anot her
possibly useful pars meter ratio is IS O AL K, which expresses the ratio of five isoprenoid
alkanes Wi th chro matographic retention indices of 1380, 1470 (farnesane), 1650, 1708
(pristane), 1810 (phytane) to the five adj acent n-alkanes, C 14 through C ¢g. & prefer to
use this ratio over the single ratios of pristane/n- C q7 or phytane/n- C 4 8. The nean
SO AL K and pristane/phytane ratios for each station are presented in Table 5.8. Note
the rem arkable constancy of the IS A L X val ue which ranges fro m 0.39t 0 0.55, excluding
Stations 7E and 76val ues which are discussed below. This constancy suggests a strong
uniformty in alkane source to the sedinents, perhaps peat again.  Similarly, the
pristane/ phytane val ues (excluding Stations 7E and 7 G range narromy fro m2.0 to 2.9.

An anomal ous biogenic pristane input at Stations 7E and 7 G results in higher
pristane/phytane ratios (3.5 and 4.7, respectively) at these stations. Likewi se, the
IS OAL K values 0.62 and 0.92 are influenced by pristane i nputs. The el evated pmstane
value at Station 7Gisnoted in the G C -FID trace presented in Figure 5.9.

Pristane and phytane are highly correlated in the Study Area (r=0.93) al t hough
neither isoprenoid i s particularly highly correlated with T O C or grain size parameters (see
Section 5.2.2.5). Akane parameters TAL Kand L AL Kare highly correlated with each
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Table 5.8  Tabulation of Several Key Saturated H ydrocarbon, Para m eters and
Diagnostic Ratios by Mcans at Each Station’.

Station LALK TALK LALK PRIS PHY PRIS ISO OEPI
(ue/g)  (ue/g) TALK (ng/g)  (ug/g) PHY ALK

2E 0.26 0.80 0.32 0.010 0.004 2.5 0.44 6.0
2F 0.39 1.42 0.27 0.026 0.010 2.6 0.48 6.2
3A 0.50 2.78 0.18 0.035 0.017 2.1 0.45 7.0
3B 0.82 4.46 0.18 0. 047 0.023 2.0 0.44 7.1
4A 0.62 3.41 0.18 0. 046 0.019 2.4 0.43 6.2
4B 0.24 0.92 0.27 0.016 0.007 2.3 0.44 2.7
4C 0.51 1.86 0.27 0.028 0.012 2.3 0.43 4.9
5(1) 0.30 1.23 0.24 0.016 0.007 2.3 0.46 5.7
5(2) 0.27 0.68 0.39 0.008 0.003 2.7 0.39 5.4
5(5) 0.67 3.48 0.19 0. 056 0.027 2.1 0.52 5.2
5(10) 0.71 3*59 0.20 0. 053 0.018 2.9 0.47 6.5
5A 1.00 5.92 0.17 0.086 0.041 2.1 0.52 6.1
5B 0.28 0.77 0.36 0.010 0.004 2.5 0.45 4.0
5D 1.14 10.8 0.12 0.072 0.034 2.1 0.41 8.1
5E 0.61 2.31 0.26 0.044 0.019 2.3 0.45 4.2
5F 1.32 11.5 0.12 0.072 0.032 2.3 0.42 7*9
5G 0.75 2.97 0.25 0. 056 0.022 2.5 0.47 5*5
6A 2.43 8.47 0.29 0. 096 0.039 2.5 0.49 7*0
68 4.02 22.8 0.18 0. 305 0.144 2.1 0.51 5.7
6C 1.21 3.99 0.30 0. 067 0.030 2.2 0.47 5.4
6D 1.27 2.50 0.48 0. 032 0.013 2.5 0.47 5.2
6F 1.39 7.24 0.19 0.091 0.038 2.4 0.46 7.3
7A 1.33 5.76 0.23 0.080 0.031 2.6 0.55 6.6
7B 1.17 3.65 0.32 0.043 0.016 2.7 0.45 5*Q
7C 1.65 7.32 0.23 0.099 0.045 2.2 0.47 6.2
TE 1.72 7*93 0.22 0.142 0.041 3.5 0.62 7.1
7G 1.05 3.99 0.26 0.214 0.045 4.7 0.92 3.7

“See Section 4.3 for explanation of ter ns
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other (r=092) and, as discussed in the next section, to aromatic hydrocarbons as w en.

5.3.2.4G C/ M5 Co reposition of Aromatic H ydrocarbons. Analytical results on
the extensive set of aromatic hydrocarbon (A H determnations have previously been
presented in Section 4.3. As was the case for the saturated hydrocarbon co m position, the
A Hco m position is remarkably constant, with the 2- and 3-ringed A H (i.e., naphthalene
and phenanthrene honol ogous series) nore abundant than the 4 and 5-ringed A H.

Three typical A H conpositional plots from Stations 2F, 5F and 6B, and from
Stations 7G and 6A and PB C reference material are shown in Figures 5.11 and 5.12,
respectively. These co m positional plots, each normalized to the co m pound or ho m ologue
in greater abundance, reveal the threesimilar types of co repositions. In all three the
abundance of the naphthal ene and phenanthrene co m pounds greatly exceeds the 4- and 5-
ringed co mpounds. T his situation is unusual for marine sedinents where, except for areas
of marked fossil fuel pollution inputs, coastal sediments contain greater relative
quantities of A H characteristic of combustion or pyrolytic sources, with the 4- and 5-
ringed co m pounds dominating. It is highly unusual to see the ratio of fosdil A Hto
combustion A H exceeding 0.5 (even in heavily industrialized areas) due to the input of
consi derabl e amounts of conmbustion A H products (i.e., burning of fossil fuel) followed by
deposition and runoff of conbustion particulate (Boeh met al., 1984). O course, since
the B eaufort Sea is not heavily industrialized, what we are probably seeing is the product
of tundra cliff erosion and the resultant transport of high organic, diagenetic peat to the
of fshore stations.

The Fossil Fuel Pollution Index FFPI (Boehm 1983;Boehm and Barrington,
1984), which is a ratio of fossil (coal, oil, peat) aromatics to total aromatics is
consistently greater than 0.7 at all stations (Table 5.9). Note that t he denominator of this
ratio is co mprised of all aromatics including the abundant diagenetic co m pound perylene.
| f perylene, a 5-ringed AH, were omitted fro mthe FFPI then an FFpI val ues woul d be
near unity, m aking this rati o unuseable for a diagnostic source indicator for future
“petrol eum additions, despite its relatively high precision within each station (8/x ranges
fro m0.04 to 0.08, except at station 7A where 3/x = 0.22).

The nost abundant single aromatic co m pound in most of the sediment sa m pies
was perylene Which is a co m m on diagenetic aromati ¢ co m pound in offshore marine
sedinment (Wakeha met alL, 1980). 1t is either produced in situ in the sedi m ents
(Ai zenshtat, 1973; Gschwend et al., 198 3) or is transported offshore fro m terrigenous
sources (Venkatesan and Kaplan, 1982).

In order to provide diagnostic source-type information fro mthe GC MS data,
we have explored the exploitation of the relative abundances of specific honol ogous
series as graphically depicted in Figures 5.11and 512. Specifically, the quantitative
ratios of the honol ogous series NP and P/D (N =naphthalenes; P =phenanthrenes;
D =di benzot hi ophenes) are presented in T able 5.9, with higher ratios found near the
C olville River mouth in Harrison Bay. At each particular station in which replicates were
anal yzed, the NP ratio is fairly precise with S/ values ranging narrowy from0.10 to
0.20, much more precise than the absolute N and P values themselves. Simlarly, the P/ID
ratio precision ranges fro m0.10 to 0.20, excluding station 2F. Values of P/D range from
3.5 to 12. Note, inTable5.9,the N P and P/D values of a typical relevant crude oil
sa mpie. The NP and P/D ratios, 4.0 and 1.1 are very nuch different than ambient ratios.
If indeed the source of sedinentary aromatics is largely natural, then these specific.
aromatic honol ogous series ratios may be used to distinguish aromatic inputs fro m other
diagenetic i nputs.  The dibenzothi ophene series seens to be an especially inportant
petroleum indicator amd the significant overall A H background.

53.25Statistical Correlations. In order to view the individual paraneter
distributions wth in the entire Study Area in a nore holistic sense, Pearson correlation
coefficient were determned between the majorparameters. As shown in Section 5.4, all
of the organic parameters are highly correlated (r0.8), illustrating that the entire
hydrocarbon asse m blage co-varies strongly throughout the Study Area.  Mich weaker
correlations are exhibited bet ween the hydrocarbons and grain size (silt + clay) and TOC
paraneters. The total alkanes (TALK) and total saturates (TOT) appear to correlate well
With silt-sized particles (r=0.8) but the A H correlate nuch less (r=0.4 to 0.7) with both
grain size and T O C. Additional statistical considerations are presented in Section 54.
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Table 5.9  Sum mary of Aro matic Hydrocarbon Diagnostic Ratios.

Station FFPTA N/P" P/D"
2E 0.85 0.59 7.9
2F 0.76 + 0.04 0.46 + 0.06 12.7 + 7.3
3A 0.81 0.79 8.6
3B 0.84 + 0.06 0.92 + 0.14 8.4+ 1.4
4a 0.82 +0.03 0.93 + 0.09 4.5 +0.49
4B 0.87 1.0 3.4
4C 0.82 0.74 4.5
5(1) 0.83 0.79 501
5(2) 0.76 0.56 3.8
5(5) 0.76 0.74 5.4
5(10) 0.83 0.81 5.0
5A 0.81 1.11 9.4
5B 0.83 0.81 4.0
5D 0.79 + 0.06 0.91 + 0.20 5.8 + 0.59
5E 0.85 0.91 4.6
5F 0.69 0.86 6.7
5G 0.79 0.94 7.5
6A 0.83 0.99 3.5
6B 0.85 1.72 6.2
6C 0.83 + 0.07 0.96 + 0.18 4.5 + 0.90
6D 0.79 + 0.04 1.00 + 0.17 5.1 +0.83
6F 0.82 1.08 5.3
7A 0.83+0.019 1.29 + 0.20 5.6+ 1.1
7B 0.80 1.07 4,9
7C 0.83 1.13 5.7
TE 0.88 1.73 7.4
7G 0.88 1.70 12.1
Prudhoe Bay Crude 1.00 3*97 1.14

oil

*Fossi| Fuel
Index:

b N/P = Naphthalenes (CgN - CyN)/Phenanthrenes (CoP - CyP)

Pol | uti on

Naphthalenes + Phenant hr enes+ Dibenzothi~phenes + Fluorenes

Total PAR

¢ P/ D = Phenanthrenes( CqgP - CAP)/Di benzot hi ophenes (CoDBT - C3DBT)

134



5.3.2.6 Geographical Analysis. The distribution of hydrocarbons in Harrison
Bay can be understood in terms of input fro mthe C olville River and the general east to
west flow in the coastal Al askan Beaufort. The C olville, al though sm aller than the
Mackenzie River in Canada, is the largest Alaskan river e m ptying into the Beaufort Sea.
The C olville drains nost slope of the Brooks Range (but not the coastal plain) between 150
and 1600 w; the annual flowis 1010 m3 with an average T O C content of 12 ng/L. The
region drained by the C olville contains nunerous outcropping coal deposits as well as
natural petroleum seep areas and oil shale outcrops. In particular, there is a 1.5-m ile |ong
Q. Lake (700 18'N, 151° 09'W) slightly west of the Colville and 5 niles from the coast.
This lake was named for the natural seep oil which forns a slick on its surface. The
terrain drained by the C olville, like the terrain of the entire A askan north slope, does not
have wel|l devel oped soil, but rather contains various depths of seasonally thawed
peat-1ike material.

Consequently, the organic matter carried by the C olville i ncl udes fractions
derived fro mpeat, coal and oil. Additional peat enters the marine environ ment fro m
direct erosion of 10 w bluffs which are a co mmon feature on the Beaufort coast. Al though
these natural sources may account for the fluorescent material and diagenetic P A H found
in Harrison Bay sediments, anthropogenic sources cannot be entirely excluded. Suspended
material discharged by the Colvile m eves west follow ng the general coastline of
Harrison Bay as can be seen in satellite photos of the Colville sedinent plume (see Naidu
et al., 1984).  Material can be deposited in Shal | ow water, resuspended, and finally
deposited in deeper water. This sedinment transport pathway is consistent with the high
UVF and (UV/F¥YT OCresults at Station 6B and values at other H arrison Bay stations (6A,
6c, 6D, 6F, 7TA, 7E, and 7G which, conpared to other stations, are elevated in all
saturated and aromatic co mpounds. Five of ten sediment sa mpies fro mHarrison Bay were
>50 #silt + clay, co mpared to four of sixteen for stations to the east of Oliktok Point.
This tendency tow ard finer grained sediments indicates that at |east portions of Harrison
Bay will receive preferential deposition of 10 w density organic detritus.

Two stations within Harrison Bay, 7E and 7 G exhibit anomal ous marine
biogenic inputs as reflected in higher absolute and relative quantities of pristane. These
stations may be the site of elevated productivity, perhaps due to nutrient |oadings fro m
the C olville River.

Marine sedinments collected between the mouths of the Colville and Canni ng
Rivers, including the Prudhoe Bay area, showed 10 wer U V/F, (U v/F)T O C and total
hydrocarbon values than those fro m Harrison Bay. Hi gher hydrocarbon concentrations are
general |y associated with finer grained (38, 5A, 5D, and 5F) and more organic rich (5 D and
5F ) stations. There are probably fewer natural petroleum seeps and coal. outcrops to the
east of the C olville. Aso, the drainage system east of the C olville consists of smaller
rivers which discharge material nore uniformy along the coast. These factors will lead
to greater dispersion and 10 w er concentrations of hydrocarbons.

However, in overall aromatic and saturated hydrocarbon co m position,
sediments fro mthis area are quite simlar to the sites further west. Fro m sedinent data
of the stations near Prudhoe Bay or adjacent to Seal Island there is no evidence of
ant hropogeni ¢ inputs related to petrol eum exploration activities.

5.3.3 Bival ves*

The data on hydrocarbon content and co m position ofbenthic bivalves collected
in Year 1 of the study were sparse due to generally 10 w bivalve abundances at sel ected
sedinent sanpling stations, and an inability to sanple further offshore due to ice
conditions. Sam pies collected in sufficient quantity for analysis included:

Astarte horealis: Stations 3A and 6 D
C yrtodaria kurriana: Station 5F
Maco Da calearea: Station 6D

Analytical results are sum marized in Section 4.3.
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Al animals exhibited extremely 10 w abundance of U V/F-detectable
fluorescent AH A greater relative amount of 312 n maromatics were detected by U V/F.
T w0 typical spectra are presented in Figure 5.13. These spectra show two main features:
the 312 n mresponse and evidence for perylene in the sa mpies, the latter perhaps fro ma

sedi ment source.
Detail ed anal yses of these sa mpies by G C -FID and G ¢ M5 were conduct ed,

but revealed very 10 w levels of detectable material. A characteristic G C -FID trace in
Figure 5.14 illustrates prim arily a blogenic background totally different fro mthe
sedim ent chro matogra ns. These biogenic conpounds are unidentified. Normal alkanes
were detected at very 10 wlevels in the sa mpies. No systematic differences are seen
bet we en the same species collected at different stations (i.e., Astarte) While 10 w levels
of n-alkanes were detected in the sa mpies, the amounts of these co m pounds are very

small co mpared to the biogenic background.
G U MS anlayses of the sanple replicates revealed 10 w or no detectable A Hin

all of the sa mpies in spite of a positive UV/IF spectral response at 312 n m This apparent
paradox has been noted in other studies (e.g., Boeh m and Fiest, 1980). The absence of
detectable aromatics in background tissues indicates that the significant sedinentary
reservoir of AHis not readily available to filter feeding bival ves. Thus, aromatic analyses
of bival ves may serve as sensitive indicators of water-borne petrol eum exposure, rather

than sedi ment petrol eum exposure.

5.4 Statistical Anal ysi s

The initial goals of the statistical analysis for this reporting period are to
address the issues of data transfer m ation and data norm alization. Wth respect to data
transfer mation, the effect of a logarithmc transfer mation on the honogeneity of the
within-station variances is examned. Based on the results of this analysis, a logarithmc
transfer mation is applied to all measurements prior to any statistical analyses.

The effects of normalizing the data with division by percent st ( % SIL T),
percent clay ( % CLAY) and total organic carbon (TO C) are also examned. There is no
apparent reduction in within-station variability due to nor m alization by these para meters.
I't is concluded that normalization of the data by $SILT, $¥ CLAY, or TOC s not
warranted. Al statistical analyses are, thus, based on unnorm alized netal and organic
parameter measure ments to which a logarith mic transformation has been applied.

Finally, the variability of each parameter is characterized and the magnitude
of tenporal change that will be detected is determned for the current replication
schene. These cal cul ations and deter minations are based on the pool ed within-station
variability of the paraneters and the power of the t w o-sa mple t-test for detecting
changes in average cone entration.

In the followi ng analyses, within-station variability was estim ated at all
stations for metals, %sILT, % CL AY, UVF at 355 and TO C. Wthin-station variability
for all other parameters was neasured only at Stations 2F, 3B, 4A, 5D, 6¢, 6D, and 7A
since data fro mre maining Stations were based on pooled nonreplicated sa m pies.

5.4.1 Data Transformation

A goal of the statistical analysis for -this reporting period is to determine if a
logarithmc transformation of the raw data will stabilize the within-station variability. It
is inportant that within-station variability be co mparable a mong stations because one of
the overall goals of this study is to exa mine potential spatial gradients in chem cal
concentrations. Further nore, heterogeneity of within-station variability across stations
may reflect a general relationship between within-station mcans and variances. Such a
relationship will affect hypothesis tests concerning tenporal changes in variables .within
particular stations. In either case, reduction of variance heterogeneity will inprove
statistical tests Oof the hypotheses proposed in this study.

Het erogeneity of within-station variances was exa mned using the results of
Levene's test produced by the statistical conputing package BMDP7D.  For all.
untransformed variables tested, the F values produced by Levene's test caused rejection
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of the null hypothesis that within-station variances were equal a m ong stations. A
logarith mic transfer mation reduced the F values for 15 of 18 organic paraneters and for
four of these paraneters, the null hypothesis of equal variances could not be rejected
(Table 5.10). Only one of seven log-transformed metal concentrations showed a reduction
in Levene's F value but, in nost cases, the differences between F values for transforned
and untransfornmed metal paraneters are S mal (Table 5.1 Q.

Based on the consistent reduction in Levene's F value when organic paraneters
are subjected to a logarithmc transfer mation, all variables were subsequently
transfer ned.  This decision also rests on a general historical. precedent for using
logarithmc transfer m ations when anal yzing che mical concentration data. A though the
transfer mation reduced Levene’s F for nost variables tested, for only four of these
variables did transfer mation result in failure to reject the null hypothesis of honogeneous
variance. T bus, it must be realized that the station variances are probably heterogeneous
for nost of the parameters even after the og-transformation.

It is inportant to note that the standard deviation of log-transfer m ed data
(natural logarithm) may be interpreted as an approxim ate coefficient of variation for the
data on the original scale for standard deviation values s maller than 0.70. This
relationship is easily illustrated using the lognor mal distribution as an exam pie. Suppose
that In(Y ) has a normal distribution with mean # and standard deviation ¢ that i, suPpose
that a measurement Y follows a lognor mal distribution with parameters p and o. The
mean and standard deviation of Y are exp( & + 0%2) and (explo 2)-1)1/2 explu +52/2),
respectively. Thus, the coefficient of variation of Yis CV = (exp(a?) - 1)/

For small values of (< 0.7), exp(o2) ¥ 1 + o’and, therefore, CV& u.  The
actual C V value is always larger than ¢ with the difference increasing as ¢ increases. The
maxi mum rel ative difference in the range O < ¢<0.7 if 12§ for 0= 0.7, Simlar
relationships hold for the coefficient of variation and the standard deviation of
log-transfer med data that follow distributions other than the lognor mal.

5.4.2 Data Nornalization

Reduction of within-station variability would improve the power of the
statistical tests used to test the proposed hypotheses in this program |f the variables of
interest are highly correlated with an ancillary variable, then normalization with this
variable may reduce within-station variability.

The foil.o wing method was usedto determne if norm alization of the raw data
with TOC ¢ SILT, % CLAY woul d reduce within-station variability. A one-way A N OVA
using stations as treatments was conducted by applying the S A S statistical procedure GL M
to the log-transformed parameters and |og-transform ations of para meters norm alized by
dividing the raw data by either TOC #SIL T, or $CLAY. Inthis analysis the root nean
3quare (R M5) of the model error termis a pooled estinmate of within-station standard
evi ation.

Tabl e 5.11 shows that normalization with T OCresults in a small reduction in
standard deviation for mostorganic paraneters but nor m alization results in no reduction
in standard deviation for netal para meters. Except for the organic U VIF 355 para meter,
nor malization With % SIL Tor $ CL A Y produced no decrease in standard deviation (Table.
5.11 ). These results suggest that data normalization with TOC #SILT, $CL AY would not
be effective in reducing wthin-station variability.

Anot her method used to exam ne the variance reduction potential of data
nor m alization was to calculate correlation matrices using only the 27 within-station
aver ages. These correlations reflect only the bet ween-station relationships of the
variables and do not include any within-station correlations. Table 5.12 contains the
correlation coefficient.s and observed significance levels (below) for the log-transfer med
metal parameters with themselves and log (TO C, 4 SILT, and % CLAY. Table 5.13
contains simlar information for selected |og-transfer med organic paraneters.  The
observed significance | evel may be interpreted as the probability that a correlation
coefficient as large as that observed woul d be observed if the two variables were
uncorrelated. The relative large correlations with T O C, ¢ SILT and % CLAY in Tables
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Table 5.10 F Values? From Levene's Test for Honpbgeneity
of Variance
Met al Unt r ansf or med Log-transfornmed
Par anet er Dat a Dat a
Cd 1.47 2.91
Pb 4. 74 3.65
Ba 5.89 5%75
Cr 4,08 6.19
Cu 4.6 | 5.14
Zn 8. 40 9.91
v 6.39 8.99
Organic Unt r ansf or med Log-transfornmed
Par anet er Dat a Dat a
N 10.10 6.99
F 5.50 19. 41
P 11.38 10. 47
D 8.17 6.29
PAH 2.80 2.80
FFPI 3.32 2.59
P/ID 5.41 4.11
TALK 5.17 1.89P
LALK 3.78 3.02
1S0 3.52 2.48
ALK 3.47 2.01b
LALK/ TALK 7.89 3.63
ISO/ALK 2.45 2.45
1708 3.24 2.38
1810 2.71 1.200
TOT 4.30 1.19b
TOC 11.62 5.22
355 5.15 4.15

a

For the netal

paraneters,

the hypothesis of honogeneous

variance is rejected if F exceeds 1.3; for the organic

paramet ers,

"Nul | hypot hesis not

the F value is 2.37.

rejected.
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Table 5.11  Pool ed Within-Station Standard D eviation EStimates for Unnorm alized and
Normalized Logarithmic Data.

Metal
Parameter In ( x) 1n (X/TOC) In (X/%Silt) in (X/¥Clay)
Cd 0.1784 0.3350 0.3760 0.4299
Pb 0.1448 0.2795 0. 3189 0.4301
Ba 0.1637 0.2682 0. 3226 0. 3820
Cu 0.2144 0. 2950 0. 3339 0.3871
Cr 0.0394 0.2747 0.2977 0.3721
Zn 0. 2003 0. 2975 0.3212 0. 3873
v 0.1603 0.2613 0. 2876 0. 3585
Organic
Parameter 1n (X) I n (X/TOC) In (X/$SILT) in (X/%Clay)
N 0.6007 0.5929 0.7260 0.7555
F 1.244 1.2358 1.3339 1.3836
P 0.5873 0.5703 0.7046 0.7412
D 1.0219 0.9908 1.1105 1.1423
PAH 0.7716 0.8001 0.8273 0.8817
TALK 0.3362 0.2931 0.4571 0.4667
LALK 0.3643 0.3578 0.5165 0.4973
1708 0.3219 0.2722 0.4396 0.4658
1810 0.3265 0.2871 0.4326 0.4780
TOT 0.2915 0.2556 0.3912 0.3988
355 0.3834 0.3403 0.3673 0.4285
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Table 5.12 Correlation Matrix for Metal Parameters with TOC, % Silt, % Clay Using Station
Averages.

A

PEARSON CORRELATION COEFFICIENTS / PROB ~ !R! UNDER HO:RHD=0 /N~ oy

LCDCONC LPBCONC LBACONC LCRCONC LCUCONC LZNCONC LVCONC LTOCCONC PSILT PCLAY

LCDCONC “1 .00000 0.30214 0.12529 0.34450 0.61401 0.45707 0.38930 0.46702 0.53450 0.31005
0.0000 0.1256 0.5335 0.0785 0.0007 0.0185 0.0447 0.0140 0.0041 0.1059

LPBCONC  0.30274 1.00000 0.80711 0.79598 0.58192 0.80520 0.85654 0.74219 0.63904 0.71159
0.1256 0.0000 ©.0001 o0.0001 0.0015 0.0001 0. 0001 0.0001 0.0003 0.0001

LBACONC 0.12529 0.80711 1.00000 0.80806 0.45060 0.70758 0.80897 0.76038 0.71065 0.56880
0.5335 0.0001 0.0000 0.0001 0.0167 0.0001 0.0001 0.0001 0.0001 0.0020

LCRCONC 0.34450 0.79590 0.80806 1.00000 0.80838 0.79867 0.96039 0.67849 0.74S48 0.72378
0.0785 0.0001 0.0001 0.0000 0. 0001 0.0001 0.0001 0.0001 0.0001 0. 0001

LCUCONC 0.61401 0.58192 0.45600 0.80838 1.00000 0.68832 0.80746 0.53806 ©0.65225 0.69907
0.0007 0.0015 0.0187 0.0001 0.0000 0.0001 0.0001 0.0038 0.0002 0.0001

LZNCONC 0.45707 0.80520 0.70758 0.79867 0.68832 1.00000 0.84804 0.70911 0.72066 0.64778
0.0165 0.0001 0.0001 0.0001 0.0001 0.0000 0.0001 0.0001 0.0001 0.0003

LVCONC 0.38930 0.85654 0.80897 0.96039 0.80746 ©.84804 1.00000 O0.715689 0.75347 0.84146
0.0447 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 0.0001 0.0001 0.0001

LTOCCONC 0.46702 0.74219 0.76038 0.67849 0.53806 0.70911 0.71569 1.00000 0.76939 0.47147
0.0140 0.0001 0.0001 0.0001 0.0038 0.0001 0.0001 0.0000 0.0001 0.0130

PSILT 0.534S0 0.63904 0.71065 ©.74548 0.65225 0.72066 0.75347 0.76939 1.00000 0.61079
0.0041 0.0003 0.0001 0.0001 0.0002 0.0001 0.0001 0. 0001 0.0000 0. 0007

PCLAY 0.31805 0.71159 0.56880 0.72378 0.60907 0.64778 0.84146 0.47147 0.61079 1.00000
0.1059 0.0001 0.0020 0.0001 0.0001 0.0003 0.0001 0.0130 0.0007 0.0000
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Table 5.13 Correlation Matrix for Selected Organic Parameters with TOC, % Silt, and % Clay Using
Station Averages.
PEARSON CORRELATION COEFFICIENTS / PROB >!R} UNDER HO:RHO=0/N=27

LN LF LP LD LPAH LTALK LLALK Lc3ss LC1708  LCI810 LTOT

LN 1.00000 0.85998 0.98838 0.93503 0.95389 0.83384 0.84850 0.89799 0.88877 0.87563 0.84404
0.0000 ©.0001 0.0001 ©.0001 0.0001 0.0001 0.0001 ©0.0001 ©0.0001 ©0.0001 0.0001

LF 0.85998 1.00000 0.88751 0.93138 0.87081 0.73264 0,74638 0.72481 0.67056 0.72518 0.71840
0.0001  0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

LP 0.98838 0.88751 1.00000 0.94410 0.97224 0.84005 0.83901 0.88227 0.86947 0.87061 0.85103
0.0001  0.0001 ©.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 ©.0001 0.0001

LD 0.93503 0.93138 0.94410 1.00000 0.92557 0.77027 0.80086 0.77878 0.75798 0.77178 0.77345
0.000¢ 0.000t 0.0001 0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

LPAH 0.95369 0.87081 0.97224 0.92557 1.00000 0.88206 0.86364 0.87291 0.85924 0.87862 0.88358
0.0001 ©0.000% 0.0001 0.0001 0.0000 ©0.000t 0.0001 0.0001 0.0001 0.0001  0.0001

LTALK 0.83384 0.73284 0.84005 0.77027 0.88206 1.00000 0.93137 0.91042 0.91274 0.94932 0.99518
0.0001 0.0001 ©0.0001 0.0001 ©0.000! ©0.0000 0.0001 0.0001 ©0.0001 0.0001 0.0001

LLALK 0.84850 0.74638 0.83901 0.80086 0.86364 0.93137 1.00000 0.90010 0.89667 0.90879 0.91760
0.0001  0.0001 ©.0001 0.0001 ©0.0001 0.0001 0.0000 0.0001 ©.0001 0.0001 0.0001

Lc3ss 0.89799 0.72481 0.88227 0.77878 0.87291 0.91042 0.90010 1.00000 0.96844 0.97020 0.92232
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 0.0001 0.0001 ©.0001

Lc1708 0.88877 0.67056 0.86947 0.75798 0.85924 0.91274 0.89667 0.96844 1.00000 0.98077 0.93375
0.0001  0.0004 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 0.0001  0.0001

LC1810 0.87583 0.72518 0.87061 0.77178 0.87862 0.94932 0.90879 0.97028 0.98077 1.00000 0.96247
0.0001 0.0001 0.0001 0.0001 ©0.0001 ©0.0001 0.0001 0.0001 0.0001 0.0000 ©.0001

LTOT 0.84464 0.71840 0.85103 0.77345 0.88358 0.99518 0.91780 0.92232 0.93375 0.96247 1.00000
0.000t 0.000f 0.0001 0.0001 0.0001 0.0001 ©.0001 0.0001 0.0001 0.0001 0.0000

LTOCCONC 0.73441 0.47383 0.73815 0.59930 0.75444 0.86711 0.73527 0.81374 0.87006 0.85024 0.89285
0.0001 0.0125 ©0.000%t 0.0010 ©0.0001 ©0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

PSILT 0.88889 0.64054 0.70904 0.63042 0.72883 0.85799 0.72839 0.70700 0.69597 0,75333 0.84448
0.0001  0.0003 0.0001 0.0004 0.0001 0.0001 ©.0001 0.0001 0.0001 0.0001 0.0001

PCLAY 0.56594 0.67559 ©.59400 0.58557 0.618910.8687820.62115 0.86792 0.58482 0.67785 0.65014
0.0021 ©0.0001 ©0.001% ©0.0013 0.0006 0.0001 0.0006 ©.000f 0.0014 0.0001 0.0002




5.12 and 5.13 indicate that the norm alization paraneters nmy be used to reduce the
between-station variability in station averages even though no reduction in wthin-station

variability is achieved by normlization.

5.4.3 Parameter Variability

The magnitude of tenporal change that will be detected by the current
monitoring program is a direct function of the underlying variability in the parameters
being measured and the nunber of replicate sa mpies analyzed each year. Table 5.14 lists
t he netal paraneters and selected organic parameters along with a pooled esti mate of
t he within-station standard deviation. Al So listed is the nininumnultiplicative change
that will be detected (with 80 % probability) by the current monitoring program for three
different second-year sanple sizes. A detectable m ultiplicative difference of 1.5 is a
50% change and 2.1 represents a 110 % change.

For the metal parameters, changes on the order of 1.1 to 1.5 will be
detectable with a second-year sanple size of 6. This range only increases to 1.2 through
1.8 for a sanple size of 2 which indicates that a large second-year sanple size is not
crucial to the detection of changes in the netal paraneters. This state ment is also true
for the organic paranmeters that have a pooled standard deviation 0.30 or less. A
reduction of the second-year sanple size to 4 would not appreciably affect the organic
paraneters with pooled standard deviations of 0.60 or less. Since this category includes
nmost of the organic paraneters, it appears that a reduction in sanple size to 4 for the
second year woul d have no significant detrimental. effect on the ability to detect changes.

Caution should be used when draw ng concl usions based on Table 5. 14.
Because of the heterogeneity of variancefro mstation to station, the pooled standard
deviations in Table 5.14 should be viewed as average variability estimtes. Standard
deviation values are reported by station in Tables 5.15 and 5.16.  These values may be
used in conjunction wWith Table 5.17 to determne detectable nultiplicative changes for

the individual stations in subsequent years.

6. STUDY CRITIQUE AND RECOMVEND AT | ONSFOR
YEAR 2 STUDY

O the Year 1 and overall (Years 1-3) objectives of the BS MP, nost have been
met or are in the process of being met through the activities conducted during this first
year of study. In spite of the extremely short |ead time given, the [ess than ideal open
water conditions during Septe mher, 1984, and the lack of a shakedown period for the
sa R pling vessel and several shortcomings of the vessel, the 1984 field sanpling program
was initiated and successfully concluded during its first year.

The first year’s sanpling design was intended to yield nonitoring data fro m
Barter Island to Cape Halkett as far offshore as the 25 misobath. The design was intended
to obtain surface sediment and benthic bival ve sa m pies such that adequate replication
could be attained. Due to ice conditions and boat problenms, the Year 1 program did not
succeed in obtaining the co m plete areal coverage desired. Bivalve collections were

I nadequate due to the sparsity of animals at pre-selected |ocations, which were chosen
prim arily for sedinent characteristics and secondarily for expected bivalve abundance.
L ogistically, the 10 w sea water flow rates afforded by our w ashdo w n systemwas of |esser
significance in the inability to obtain sufficient nu mhers of animls. COffshore ice
conditions further hindered the ability to sanple the abundant offshore glass scallop,
Arctinula.

A nalytically and statistically the Year 1 programwas successful in identifying
the key paraneters and paraneter ratios to be used in long-ter m monitoring of oil and gas
exploration, and develop ment inputs. The within-station variability of these parameters
and ratios was documented. Based on these results, we are able to document the
magni tudes of detectable changes for these para m eters and are able to confidently plan
our replication scheme for the Year 2 study.
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Table 5.14  Detectable Miltiplicative Changes in Concentration as a Function of Pool ed
Standard Deviation on a Logarithmc (Natural) Secale.

Pool ed
Met al St andard Second Year Sample Size
Par anet er Devi ati on 6 4 2

Cd 0.18 1.4 1.5 1.7
Pb 0.13 1.3 1.4 1.5
Ba 0.16 1.4 1.4 1.6

Cu 0.21 1.5 1.6 1.8
Cr 0.05 1.1 1.1 1.2
Zn 0.21 1.5 1.6 1.8

v 0.16 1.4 1.4 1.6

Pool ed

Organic St andar d Second Year Sample Size

Par anet er Devi ation 6 4 2
N 0. 60 3.0 3*5 5.2
F 1.24 9.4 13.1 30.6

P 0.60 3.0 3.5 5.2
D 1.01 6.2 8.2 16. 3
PAH 0.78 4.1 5.1 8.7
TALK 0.34 1.9 2.1 2.6
LALK 0. 37 2.0 2.2 2.8
1708 0.32 1.8 2.0 2.5
1810 0.32 1.8 2.0 2.5
TOT 0.28 1.7 1.8 2.2
355 0.39 2.1 2.3 3.0
FFPI 0.11 1.3 1.3 1.4
PID 0.60 3.0 3.5 5.2
150 0.32 1.8 2.0 2.5
ALK 0.32 1.8 2.0 2.5
LALK/ TALK 0.18 1.4 1.5 1.7
1S0/ALK 0.14 1.3 1.4 1.5
TCC 0.30 1.8 1.9 2.3.
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Tabl e 5.15 Standard Deviation on a Logarithmic (Natural) Scale for the Metal Parameters and the Organi ¢ Parameters 355

9v1

and TCC.
Met al Par aneter

Station cd Pb Ba Cr Cu Zn Y, 355 TOC
2E 0.23 0.07 0.05 0.09 0.21 0.05 0.07 0.12 0.09
2F 0.09 0.05 0.02 0.02 0.09 0.21 0.05 0.18 0.18
3A 0.16 0.14 0.05 0.09 0.05 0.05 0.05 0.07 0.07
3B 0.14 0.12 0.05 0.02 0.18 0.07 0.02 0.21 0.05
4A 0.21 0.09 0.02 0.02 0.12 0.02 0.12 0.53 0.28
4B 0.28 0.18 0.05 0.12 0.21 0.14 0.12 0.53 0.28
uc 0.41 0.28 0.16 0.16 0.32 0.25 0.25 0.34 0.48
5(1) 0.23 0.07 0.07 0.32 0.37 0.05 0.09 0.55 0.23
5(10) 0.14 0.09 0.02 0.05 0.14 0.02 0.05 0.16 0.69
5(2) 0.32 0.12 0.05 0.05 0.05 0.53 0.02 0.25 0.46
5(5) 0.14 0.05 0.05 0.07 0.07 0.05 0.05 0.18 0.41
5A 0.12 - 0.09 0.14 0.05 0.05 0.07 0.05 0.16 0.02
5B 0.00(a) 0.28 0.02 0.07 0.14 0.14 0.05 0.28 0.16
5D 0. 05 0.05 0.02 0.05 0.05 0.02 0.02 0.32 0.07
5E 0.55 0.53 0.34 0.62 0.55 0.67 0.62 1.01 0.69
5F 0.14 0.09 0.05 0.05 0.02 0.05 0.02 0.05 0.12
5G 0.37 0.14 0.12 0.09 0.12 0.12 0.14 1.03 0.30
6A 0.30 0.16 0.02 0.07 0.05 0.02 0.05 0.14 0.12
68 0.12 0.05 0.05 0.05 0.05 0.07 0.07 0.23 0.05
6c 0.28 0.23 0.28 0.25 0.21 0.28 0.28 0.21 0.21
6D 0.28 0.09 0.07 0.09 0.18 0.07 0.12 0.30 0.28
6F 0.34 0.39 0.51 0.16 0.28 0.23 0.25 0.60 0.44
7A 0.34 0.12 0.05 0.07 0.16 0.07 0.02 0.12 0.34
7B 0.14 0.07 0.02 0.05 0.12 0.07 0.05 0.12 0.14
7C 0.16 0.07 0.02 0.02 0.02 0.01 0.02 0.07 0.05
7E 0.21 0.05 0.02 0.07 0.07 0.02 0.05 0.05 0.09
7G 0.25 0.05 0.07 0.16 0.51 0.05 0.14 0.30 0.37

@Al | measurements were below the detection limt.



Table 5.16 Standard Deviations on a Logarithmic (Natural) Scale for Selected
Organi ¢ Param eters by Station.

Organic Station
Par anet er 2F 3B 4A 5bp 6¢C 6D 7A
N 0.46 0.34 0.12 0.18 0.67 0.34 1.27
F 0.92 0.28 0.30 0.16 0.55 0.44 2.99
P 0.34 0.34 0.07 0.09 0.58 0.32 1.31
D 1.04 0.28 0.14 0.12 0.69 0.28 2.32
PAH 0.25 0.80 0.25 0.32  0.44 0.30 1.70
TALK 0.12 0.28 0.09 0.14 0.30 0.30 o0.55
LALK 0.09 0.28 0.05 0.41 0.30 0.60 o0.46
1708 0.05 0.25 0.09 0.41 0.3 0.25 0.53
1810 0.16 0.25 0.12 0.39 0.44 0.25 o0.48
TOT 0.14 0.23 0.14 0.39 0.32 0.30 o0.25
FFPI 0.05 0.07 0.05 0.07 0.09 0.05 o0.28
P/D 0.69 0.18 0.12 0.09 0.21 0.16 1.33
| SO 0.09 0.25 0.05 0.41 0.37 0.25 0.55
ALK 0.16 0.25 0.07 0.41 0.3 0.25 o0.46
LALK/ TALK 0.12 0.05 0.07 0.09 0.12 0.39 0.09
IS0/ALK 0.07 0.02 0.07 0.02 0.02 0.02 o0.07
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Table 5.17 Detectable Multiplicative Changes in Concentration as a Function
of Standard Deviation on a Logarithmic (Natural) Scale.

Standard Second Year Sample Size

Deviation 6 4 2
0.1 1.2 1.3 1.4
0.2 1.5 1.6 1.8
0.3 1.8 1.9 2.3
0.4 2.1 2.3 3.1
0.5 2.5 2.9 4.0
0.6 3.0 3.5 5.3
0.7 3.6 4.3 6.9
0.8 4.3 5.3 9.1
0.9 5.1 6.5 11.9
1.0 6.1 7*9 15.7
1.2 8.7 12.0 27.1
1.4 12.4 18.1 47.0
1.6 17.7 27.3 81.4
1.8 25.4 41.3 141.0
2.0 36.3 62. 4 244. 3
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The lack of replication for the organic parameters at 20 of the 27 stations
sa mpled creates so me uncertainty as to how the pool ed measure m ents fro m these stations
shoul d be used. The original intent was to extrapolate the within-station variances fro m
the seven replicated stations to the remaining 20, based on sone similar Station
characteristic(s): grain size distribution, absolute concentration |evels, geographical
region, etc. We have not yet determned the nost valid approach, if indeed one exsts.
To partly alleviate this problem replicate sa m pies should be analyzed at these stations
during subsequent years. Making the assunmption that the magnitude of variability rem ains
constant fro myear to year, would allo w the testing of hypotheses concerning tenporal
trends in average paraneter levels at those stations. Fewer replicates could be analyzed
per station (perhaps 2, 3 or 4) so that variability infor mation can be obtained for a larger
nunber of stations. A reduction in sanple size fro m6 to 3 or 4 still would allow for the
estimation of the magnitude of variability, whereas estim Sting variability at stations wth
only one pooled sanple requires unverifiable assunptions concerning the equality of
variability levels a mong stations.

Based on the netals data and on a subset of the hydrocarbon data fro m the
Year 1 study, and fro msimlar nmonitoring studies on Georges Bank and in the Gulf of
Mexi co, small incre mental additions can be detected. However, due to the expected 10 w
level inputs fro mwell drilling and wel| production activities, O C S activities are in the
short term nost likely to be detected only within the near- to md-field distances
(1-10km) fro m poi nt sources.

The utilization of Year 2 resources should reflect the expectation of detecting
inputs only in the near- to md-field; should reflect a need to obtain absolute
cone entration and variability data at those offshore and eastern-nost stations which were
proposed but not sa mpled during the Year 1 study; and should reflect an acute need to
obtain nearshore and offshore bivalv es.

An inportant infer mation gap exists pertaining to the relation of source
materials, in particular peat material, to the observed sedinment hydrocarbon and netal
distributions. R epresentat.ive peat sa m pies need to be obtained and anal yzed for target
ele ments and hydrocarbon co m pounds. As the distinction between diagenetic peat and
fossil fuel becomes nore difficult due to molecular simlarities, there is an inportant
need to apply nolecul ar marker techniques to peat and to offshore sediments. The tri~,
tetra~ and pentacyclic hydrocarbons derived from terpenes and the sterane co m pounds
have been show n to be valuable markers in differentiating diagenetic and fossil
hydr ocar bons.

One reco m nended Year 2 study plan includes the follow ng elenents.

station selections

o« The sanpling of the Cam den Bay Area stations not sa mpled during
the Year 1 program

e« The resa mpling of the 27 stations sa mpled during the Year 1 program

o« The selection of three additional nearshore bivalve sanmpling sites
with docunmented abundances of bivalves, and intensive bivalve

sanpl i ng.

« The establishment and sanpling of additional sediment stations
corresponding to the bivalve stations.

Logistics

o Mdification of bivalve washdo wn systemto increased flow rate and’
on- board processing t hr oughput .
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Anal yti cal

o The elimnation of the U V/F neasurenent due to high background
fluorescence and the limted potential use of UV/F in nonitoring
studies in the B eaufort.

o The inclusion of triterpane and sterane neasurenents in selected
sediment sa mpies and source materials (see below).

o The inclusion of iron (Fe) and manganese (Mn) into the netals
anal ytical plan for use as inportant potential normalizers.

o The examnation of the fine sediment fraction for che mical content
and co mposition.

Sour ce Materials

o The sanpling and detailed analysis of several sa mpies of coastal peat
deposits and riverine source m aterials,

The action itens mentioned above should be included in the tactical design of
the Year 2 program Al of these itens are reco mnended as necessary approaches to
meeting the overall objectives of the nulti-year program
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