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ERA Consensus Workshbdorthwest Arctic Alaska

Ecological Risk Assessment: Consensus Workshop

Environmental Tradeoffs Associated with
Oil Spill Response Technologies

Northwest Arctic Alaska

Executive Summary

In October/November 2011, the United StatesastoGuard (USCG) Sector
Anchorage hosted a workshop to evaluate the relative risk to natural resoomcesrious
oil spill responseoptions These optionsncluded no response (natural recovery),-\water
mechanical recoveryjn-situ burning, dispersan@pplication shoreline protectionand
shorelinerecovery. The workshop involved participants frimoal, borough, tribalstateand
Federal agencieand was designed to emphasize cooperative deaisakingif a spill were
to threaten resources the Nothwest Arctic AlaskaTheworkshopconsisted obne 3-day
sessiorand one2-daysessiorseparated bgpproximately four weeks

The spill scenariodesignedby the Steering Committee involvettie release of
400,000 gallons of IFO 180 fuel fromnfuelcarria grounded near Little Diomede Island, AK
on 7-8 August 2011The releaswvas treated with dispersawia aircraft sortie®n the second
day of the releasdargeing the s p i leddiags edge The modeled effectiveness of the
dispersant application waarty percent

Participantsdivided into four focus group®valuate the relative risks and benefits
of the response optionduring the October session The groups completed analysis for
natural recoverypn-water mechanical recovergndin-situ burningoptions, and begarthe
analysis fordispersant application. At thidovembersessioninitial participantattendance
declineddue to travel constraint$lowever severalnew membersparticipate. During the
secondsession all participants reviewethe rankig process aneévaluatedthe remaining
alternativeqdispersangapplication, shorelinprotection andshorelineremova).

Following evaluation of allresponse optionghe participantsconcluded thathe
location of the spillcould potentially increase ehrisks to shoreline and shallow water
habitats historic properties, ansubsistence us@ll four groups viewed shoreline protection
as having the greatest bendfyt reducing the impact on the lagoons and marshes. Shoreline
mechanical recovery wagercaved as beneficial to some habitats such as upland, tidal
marsh, tidal flats and fine/medium sand beach areas, Buh&agotential to damage those
areas during the removal proce€srwater mechanical recovegnd in-situ burningwere
viewedas providindimited benefit. The use of dpersarg raised serious concerasmongall
four groups Two groups did not evaluate and consequeditiynot recommendhis option
However, theéwo remaininggroupsfelt that dispersant use woutdovide some net benefit
despite having a negativeffect on subsistence uselhe workshop concluded with the
participants develapg a list of lessons learned and recommendations for fateaoil spill
response planning.
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1.0 Objectives of the Anchorage i1 Kotzebue
Workshop

1.1 Background and Process

In 1998, the USCG began sponsoring efforts to develop a comparative risk methodology
to evaluate oil spil responseoptions. Interest in selecting responeptions based on a
risk/benefit analyis predates the 1998 initiatives, but the current effort emphasizes a consensus
building approach to evaluate risks and benefits.

Headquarters, USCG (BOR, now Office of Incident Management & Preparedness
(CG-533) sponsored the development of a guidébamn this process. The document,
Developing Consensus Ecological Risk Assessments: Environmental Protection in Oil Spill
Response Planning. A Guidebg@lurand et al.2000), is available from C®33. It can also be
downl oaded fr om teéatwww.ecosysteaartagementsnetwe b si t

The Consensus Ecological Risk Assessment (CERAJcess is designed tguide
plannerswhen comparingecological consequences of specific response options, especially
sensitve nearshore or estuarinkabitats The process has been particularly usefiien
consideringdispersants ardr in-situ burning, whichoften presers difficult analytical issues.

The proce s f ocuses on-ottebogasauad captsisen dreough a

facilitated andstructured analyticadpproachp ar t i ci pants find Acommon
impacts and develop defensible logic to support their conclusions. The process is consistent with
the U.S. Environment alGuidelinestfoeEcdogicalrRiskAAgsessmentd s ( E
(U.S. EPA, 1998), but emphasizes development of group consensus among stakeholders. The
process uses a series of analytical tools specifically developed for use in a group environment. It

is designed as a plannirand training tool and should not be used during an actual event.
However, knowledge gained by participants in the consemsilding process facilitates real

time decisioAmaking.

Training usually involves two-2r 3-day workshops led by a facilitatorh@& ideal size is
25 to 30 participants, including spill response managers, natural resource managers and trustees,
subject matter experts, and ngovernmental organizations (NGO). The goal is to achieve
consensus interpretations of potential risks an@tisrassociated with selected response options
based on a scenario developed by local participBatsicipants utilize tharhe between the two
workshops to research issuesooincern before developingpnclusions. The process focuses
heavily on achievig a consensus interpretation of the available technical information. Therefore,
it is important to have broadnd consistet stakeholdeparticipationthroughout theprocess;
otherwise not all stakeholders who might become involved or concerned duriagtaal spill
event may accepheresults

The workshop process includes three primary phgseblem formulation, analysis, and
risk characterization. Details of the process are described in the Guidebook. In the first phase
(prior to the first meetingdf problem formulation, participants (usually a small subgroup serving
as a Steering Committee) develop a scenario for analysis, identify resources of concern along
with associated assessment thresholds, and prepare a conceptual model to guide subsequent
analysis. In the analytical phase, all the participants evaluate exposure and ecological effects.
The conceptual model, developed in the problem formulation phase, directs the analysis using
standard templates and simple analytical tools that define anohatze the analysis for each
resource of concern and each response option. Finally, participants complete a risk
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characterization interpiieg their results in terms of the risks and benefits of each response
option to overall environmental protectiona@smpared with natral recovery (i.e., baseline).

1.2 Sponsor s Objectives

USCG Sector Anchorage (part of USCG District 17) sponsored the Northwest Arctic
Alaska workshopn support of the revision of thgorthwest Arctic Subarea Contingenklan.

The workshop objectives includeevaluaing and potentiallyimproving oil spill response
strategiesand enhariag existing oil spill contingency planning for trerea To achieve this
objective, the workshop usedscenaridased on theorstcasedischarge idenfied in the plan.

The scenaripdesignedto threaten both offshore and shoreline resources of vanabled
paticipantsto address the benefits and inherent tradeoffs associated with different response
tools.

Through the experience with the Consensuddggcal Risk Assessment (CERA) process
and its methodology, the sponsergpectthat resource and response agency stakeholders will be
able to engage in effective risk assessment and tradeoff identification in futisglpesnd spill
specific consultadns. This would result in a better understandintpoél/tribal, resource trustee
and response agency concerns, more timely and effective response decisions, and hopefully
greater resource protection and recovery.

1.3 Participants

Fifty-three individuals from 17 organizations attendedll or some ofthe workshop
sessionsThere were two sessions, an inittalay meeting in Anchoragédollowed by a2-day
meeting in KotzebueThe workshop sessions were held in two different locations to encourage
participation by individuals and government representatives from the Northwest Arctic Borough.
During the first session in October, the participants were divided into four focus groups, however
the participation differed causing changes to the focus groups cdiopasier the course of the
full workshop(see Section2Each par ti ci p amdpéctvdoaus greupsdisted c e a n ¢
in Appendix A.

1.4 Organization of the Report and the Associated Compact Disk

This report is one of a series of files on a CantpDisk (CD) prepared as a project
deliverable product. The report summzas the results of the worksh@nd presents the
conclusions of the participants. It is formatted to be printed as an independent-sidedtlle
report. In addition, the CD contaiespies ofall of the presentations made at the workshags
well as copies of documents provided as reference material. These files are cited at appropriate
locatons in the text of the report.
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2.0 Overview of Workshop Events

The workshopconsisted ofa 3-day sessionn Anchoragefrom 18 to 20 October 2011
followed by a 2daysessiorin Kotzebueon 16 and 17November2011 Thefirst meeting began
with introductions of the participants, and welcoming comments f@ARPT Jason Fosdick,
Sector Anchoragé? presentation on the basic elements of the CE&#Al an introduction to the
scenaridfollowed. The scenario presentatiorcluded theresults of theNational Oceanographic
and Atmospheric Administration (NOAAjajectory and fate modelingroduced bythe Gerrral
NOAA Modeling Environment (GNOME) model and the Automated Data Inquiry for Oil Spills
(ADIOS). The day concluded witla series of presentations omotentially impacted~ederal,
state, and local resources along with why and how those resources woulthéeable to the
spill and/or response activities. Topics included

U.S. Fish & Wildlife Service Trust Resources at Risk

National Park ServicBurposes, Natural & Cultural Resources, and Facilities

Native Allotments

Essential Fish Habitat

Marine Mammals

Toxicity and Tradeoffs

Alaska Department of Fish & GamRDF&G)6 s Rol e i n Ri sk Assess
Historic Properties (Cultural Resources)

Day 2 began with presentations on resource issues. Thepfesentation discussed
subsistenceesources and useand tralitional ecological knowledgelhe secongresentedan
overview ofthe wreck of theship M/V Sebndang Ayuandwas included because of the potential
parallels between thd/V Sekbndang Ayuesponse effort anlikely scenaricoperations.

An open discussiofollowed regardinghabitats and how they relate to the proposed
resources at risiRAR) table. The dr af t table included the re
Subsi st enc e o adategory rot includedi previeus RAR tablédter discussion
this category wasfurther subdivided to allow for independent consideratigxdditional
modificationsemphasizé the difference between habgabn the outer cogsindhabitatsin the
lagoons behind the barrier islands. Ifuaher departure from previousorkshops, no attempt
was made to develop a list of representative species for each category in the table. Instead, the
participants werénstructedto use the RAR data sheet to record notes on speciasupsgof
speciesthatve r e of A s poelbeifihal RAR talblenvwdtle spaties notes is presented in
AppendixD.

The participants reviewed and discussed the draft levels of concemamishg matrix.

The matrix was finalized by the groups apdesentedn Figure 4.1 Participantsthenexamined
the ssue of defining a reference populatiassuming a base populationdrder to estimate the
percent of a population affecteihe participants agreeah the following definitions for the
population levels

w Local (L)7 defined as spill footprint;
w Region&(R) 1 defined as the Northwest Arctic region; and
w Global (G)
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In preparation for the evaluation of thatural recovergcenarioparticipants receivedn
overview on oil spillsfollowed by an explanation dhe procedures for evaluating the baseline
response option (natural recovery/no interventidije participantseparatednto four focus
groups (Appendix Aand begamvaluating the natural recovery option.

Day 3 began with an omvater mechanical recovergresentation(including a brief
introductian to onrwaterin-situ burning (ISB), followed by comments concerning locaiveater
response capabilities and logistid2articipants agreed on an -@rater offshore mechanical
recovery efficiency of 5% or less ftinis scenari@andthendividedinto theirfour focus groups
t o rankWatheer fMenc haniamal frBsgBssoptens ey completed the
analysis by miehfternoonand the facilitatorproceededo the evaluation of dispersants.

The dispersant discussion began witprasentation on dpersant issuesncluding a
di scussi on ofNOAAR madaing mesuttavereevaltlaedincluding a QuickTime
movie of the trajectories of remaining surface oil and dispersed oil in comparison to the baseline
cas@ and discussedParticipants reiewed he procedure for utilizinghe toxicity information
provided in the workshop notebooks, including the results of a cooperative dispersant effects
research program (Section 8 fradmemical Response to Oil Spills: Ecological Effects Research
Forum CROSERF). They viewed an introductory movien dispersant use amliscussed these
presentationsvith their focus groupsdevelopng a list of issueseeding clarification ahe next
workshop Theissues, organized by category, include

w Modeling
o Are therenoticeable differences betwe&NS crudeoil and IFO380 modeling
runs?- Group 1
o Verify effectiveness rates (40% and 30%) and toxicity rates betABé&hcrude
and IFG380.- Group 1
o Run model on dispersant application near vesSebup 1
o What are the ltaracteristics of currents in the area where dispersants would be
use® - Group 3
o How long would it take to move the oil and dispersantobthe are@- Group 3
o How quickly will IFO 180emulsify? - Group 4
w Fate
o Can we use residual D@SDioctyl SodiumSulfosuccinate)n the water column
as a marker of biodegradatinGroup 4
o0 How persistent are the primary elements of dispersants in the water @olumn
Group 4
o Do dispersed oil droplets sink? What is the mechanism for this 2ff€bup 4
w DispersanEffectiveness
o What would happen if a second tird application of dispersariccurre® -
Group 2
o How do you determine dispersant effectiveness if weather is too mndja
fluorometercamat be deployed? Group 2
o Candispersantbeappliedif a fluorometer cannot be deployzd Group 2
o What would happen if a second or third application of dispersamsiredthat
treated 50% or 70% of the total dit Group 2
0 Why does dispersant work on some and not all product (40909%6)? - Group 4
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o Will the dispersanwindow of opportunities will be shorter thdar skimming-
Group 4
o Is it worth utilizingdispersants if effectivenessi®%? - Group 4
o0 Need to addresthe questions regarding dispersant effectiveness identified in the
National Research Coungils 2005 report and the U.S.
report- Group 1
w Dispersant Operations
o0 What isthedispersant capability in AlasRa Group 1
o0 How long does the dispersant permit process?akaroup 2
w Shoreline Impacts
0 Analysis of shoreline impactsvith dispersants usedexsus not used. More
detailed information Group 1
o How much dispersant would it take to ketap majority of oil off the beaché&s
Group 2
0o How much oilreacheshe shoreline itlispersant use is effecti®e Group 2
o How much dispesed oilreacheshe beacfl - Group 3
o Does less oiénter the lagoon§ dispersants are used Group 3

w Toxicity
o What quantitie®fii | i g ht e rconminedrsdspersead @il in water colurfin
Group 1
o What are the Polycyclic Aromatic HydrocarbonP@AH) concentrations in the
IFOs? - Group 3

o What isthe concentration oPAHSs that dispers into the water columrand how
longdo they persist- Group 2

o What organisms might have eggs or larvae in the water cothatnmay be

affected by PAH® - Group 2

How toxic arePAHSs to paentialorganisms in the water colurdnGroup 2

What are dispersant and oil toxicity levelsoncentrations, angbersistence

through the water columovertime? - Group 2

Woul d a bact er i aduldifaffdctdhe foad chm2- Snodp®?2 a n d

How manytoxic componentsvould reachthe benthic environment Group 2

How long wouldthe toxic componentsersis? - Group 2

Would the componentbe takerup by organisms in the sediment and have the

potential to bioaccumulate up the foduair? - Group 2

Bacteria in Arctic- Group 2

What is the axicity of both dispersant ardisperseail ? - Group 2

Do we really know what organisms are in the water coRw@roup 2

What exactly is in the water column this time of yeaiGroup 2

What isthe bxicity of dispersed IFGand its &ect on pelagic eggs/embryds

Group 4

What are the awnstreamfood web impacts, especiallyfor filter feeders

consuming planktoh- Group 4

o0 What is the effect of noedispersed product on thesarshore assemblagd
subsistence species (crustacg¢ansroup 4

o O

OO0 O0OO0O0 O O OO0

o
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0 Need to addresshe questions regarding dispersant toxicity identified in the
Nati onal Re s e@repont an@oeas nd.i $.6 sGEdIl og+ c al St
Group 1

w Subsistence
o Learn abousubsistence/wagf life concerns related to the use of dispersants
Group 1
o Dispersants will have psychological impacts on cultural/subsiste@osup 4

At the secondsessionheld (16-17 November2011) 19 of the original37 participants
attendedwith 11 newindividuds joining for at leasipart(but not necessarily all) of the two day
meeting. A nucleus of previous attendees in each of the focus gmwappresenand so the new
participants were divided amongst the féacusgroups (see Appendik for the attendareand
group participation by day for the entired@y period).The morning of the first day was devoted
to a rapid overview of the CERA process and accomplishments tsaldbe new participants
could understand the procesBhe revised focus groups revieved the work completed in
Anchorage andsummarizedhe informationused during the decision making process The
day endedby discussingdispersantquestionsidentified during the Anchorage meetingThe
guestions with answers are located\ppendixB.

The second day began witl focus groupscompletingtheir discussion of dispersant
application.Only two of the four groups felt comfortable completing the msétrix asthe new
membersdid not fully understand the procesBach group however, dreft a summary
statement about their discussioRsllowing an overview presentati@and a discussion of local
capabilities the groups evaluatl and scoredhoreline mechanical recoveryclearrup, and
shoreline protection optionkessons learned and generahcusiondiscussios followed. Due
to time constraints, each group was asked to list their five most significant conclusions, and then
present them, one at a time, in rotation. There was insufficient time to reviesnallsiongor
consensus, but theecommendations of each group are presemteétkction5.2, along with the
consensus conclusions.
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3.0 Exercise Scenario and Basic Analytical
Information

3.1 Exercise Scenario

The scenarioused during the workshopas developedby NOAA and reviewed by the
Steering Committeeto ensureworkshop objectivesvere met The scenario was designed to
represent worstcase discharge scenario, threatening valuaddeshore and shoreline resources
in order to compare possible-@rater andshorelineresponse options.

Table 3.1 Key Parameters for the Northwest Arctic Alasgkaenario

Time/Date 0800/7 August 2011

Initial Release Location | 65°44.85 N, 168 55.38 W
Volume 400,000 Gallons (9624 barrels)
Oil Type IFO-180

API Gravity 14.7

Pour Point 10°C

Wind Direction/Speed Variable N and NW, 3071 40 Knots
Air/Water Temperature 10°C
Wave Height 137 19 feet

The NOAA Emergency Response DivisiofiERD) Modeling Group used the basic
information in the scenario to develop a surface and dispersed oil trgjémtdahe workshop.
Oil fate and transformatiomformation was calculated using the ADIOS Il program IfeD-
180. Oil trajectorieswere calculateduising the GNOME model. QuickTime movies and time
series snapshots were produced for both the surface atidkhe dispersed oil plumes.

The modeled response optiomsludedthe following: no responsewhere the released
oil was allowed to weather (evaporation, natural dispersion) and strand on skioraow
intervention; and the use of dispersants (at arerall effectiveness ofl0%). In the model,
chemical dispersant applicatioonly occurred during daylight hours. Sufficient dispersant
resourcesvere availablewith the application of the required volume of dispersant completed in
less than one dayThe ramaining options (mechanical recoveny-situ burning, shoreline
protection, shoreline recovery) were not modeled.
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3.2 Geographic Area of Concern

The gegraphicareas of concermcluded the Northwest ArcticAlaskancoast and the
watersand lagoon®f the Seward Peninsula @&laskafrom Walesto Shishmarefextending ot
towards Little Diomede Island

3.3 Resources at Risk

The following areas, habitat and resource categaoesprisedthe ResourcesAt Risk
table(RAR):
e Areas

Upland

Inside Barrier $lards

QOutsideBarrier Islands

Subtidal Bottom

LagoonWaterColumn

OffshoreWaterColumn
abitats

Upland

Marsh

Tidal Flats

ShelteredRocky Shore

ExposedRocky Shore

Mixed SandGravelBeaches

Fine/Medium Sand &aches

Shallow Inlets and 8ys

Offshore Less fan 10 Meters

Offshore Greater Than 10e¥ers

SurfaceLayer

Water Wlumn

Upper 10 Meters

Below 10 Meters
esource Category

Mammals

Birds
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The RAR table was distributeduring the first day of thé&nchoragesessiondiscussed
and edited by the participants. Unlike tables distributed during previous workshep&AR
tables did not include example organismisspecific concernsDuring their analysis of the
responseoptiors, each focus group populated the tableaddingorganismsthey felt were of

10



ERA Consensus Workshbdorthwest Arctic Alaska

highest concern for a habitafhese individual tables wereonsolidagéd into onefinal RAR
Table presented in Appendix

3.4 Conceptual Model

In lieu of a conceptual modethe workshop participant@ccepted the list of seven
hazards developed in a detailed conceptual model prepared for the San Francisco Bay workshop
(Pondet al, 2000). They agreed that thdsazards(air pollution, aqueous exposure, physical
trauma, oiling/smthering, thermal, waste and indiresf)ould be considered for each of the
proposed response options. The participants also agreedluatethe response optiorieatural
recovery (no response), -ovater mechanical recoverin-situ burning dispersan@application,
shoreline protection and shorkne mechanical recovejy recommended by the Steering
Committee.

3.5 Modeling Results

A surface and dispersed oil trajectomas developed using thecenarioinformation
Basic weathering information was calctda ands presentedbelow.Mass balance estimates for
untreated oil, and for oil treated with dispersamCo effectivenesare presented in Table 3.2
Figure 3.1shows a grapltal representation of the fate of the untreated oil over time.
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Table 3.2 Oil Budget (in Gallons) for Undispersed as Predicted in the Northwest Arctic Alaska,

Scenario, Spill Volume 400,000 Gallons

400,000 Gallons No Chemical Dispersion (Natural)

Hours Released | Floating | Evaporated | Dispersed| Beached

0 0 0 0 0 0

6 85,200, 76,700 5,600 2,900 0
12 174,100, 159,100 11,400 3,600 0
24 351,800] 316,900 27,200 7,700 0
48 400,000 310,400 58,300 9,200 22,100
60 400,000 287,000 67,000 9,200 36,800
72 400,000 301,300 70,900 9,200 18,600
96 400,000] 308,200 80,000 9,200 2,600
120 400,000| 302,400 84,200 9,200 4,200
144 400,000] 290,600 84,200 9,200 16,000
168 400,000 238,600 84,200 9,200 68,000
192 400,000] 158,000 84,200 9,200 148,600
216 400,000] 94,300 84,200 9,200 212,300
240 400,000 48,600 84,200 9,200 258,000
264 400,000 7,700 84,200 9,200 298,900

400,000 Gallons 40% Chemical Dispersion
Hours Released | Floating | Evaporated | Dispersed| Beached

0 0 0 0 0 0

6 85,200/ 76,700 5,600 2,900 0
12 174,100, 159,100 11,400 3,600 0
24 351,800] 316,900 27,200 7,700 0
48 400,000] 288,300 58,30 40,100 13,300
60 400,000 270,200 67,000 40,100 22,700
72 400,000 275,500 70,900 40,100 13,500
96 400,000 279,200 78,200 40,100 2,500
120 400,000 274,900 81,700 40,100 3,300
144 400,000 269,300 81,700 40,100 8,900
168 400,000 235,600 81,700 40,100 42,600
192 400,000 161,200 81,700 40,100 117,000
216 400,000f 97,300 81,700 40,100 180,900
240 400,000] 52,900 81,700 40,100 225,300
264 400,000{ 10,400 81,700 40,100 267,800
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Oil Budget — No Response
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Figure 3.1 The ADIOS predictions for the fate of the floating oil in Nartst Arctic Alaska
scenario without the use of dispersants

Selected snapshots from the surface oil trajectory modeling resultsresentedin
Figure 3.2. The average and maximum concentrations from 0 to 5 meters in the dispersed oil
plume produced withut the use of dispersants are shown in Figure 3.3 and are compared to
toxicity threshold valuefor sensitive lig history stages in Figure 3.4

Under the modeled wind conditions, the floating oil fribra spillmoves to thenortheast
and impacts the cetal areasmnear Wales, AKapproximately36 to 48 hours after releasé&he
spill continues to move northeaststher affectingthe coasdl areasand lagoons of Shishmaref,
AK approximately9 to 10 daysafter release.

A very small amount of oil naturallyigperses, and move®ithward with the modeled
current.No toxicity thresholds of concern for sensitive life spe¢igure 34) are predicted to
be exceeded

Figure 35 is a graphical representation tiie fate of the oilfollowing dispersant
applicationover time According to the NOAA model inputspplying dispersant approximately
48 hoursafter the spilldissipates only a small amount (7.5%) of oil into the water column, and
does notdramatically reduce the amount ofl reaching the shorelineSnapsbts from the
dispersed oil modeling resultsat(40% effectiveness) are presented in Figuré. 3Vhen
comparing Figure 3.to Figure 3.5, the differences in the extent and concentration of the
dispersed oil plume are not easily se€he predicted maximumancentrations arbigher, but
do not exceed ppm when dispersants are utilizethe average and maximum concentrations
from 0 to 5 meters in the dispersed oil plume produced with the use of dispersants at 40%
effectiveness are shown in Figure 3.7 andcarapared to toxicity threshold values for sensitive
life history stages in Figure 3.8lo toxicity thresholds of concern faensitive life species
(Figure 3.8) are predicted to be exceeded.
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Figure 3.2 Results from the NOAA GNOME modeling for the spill in the Northwest Arctic
Alaska Region Scenario without the use of dispersants showing surface oil and
average dispersed oil concentrations from 0 to 5 meters.
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Figure 3.3 Maximumand average oil concentration from O to 5 meters in the plume versus time

without the use of dispersant.
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Figure 3.4 Conservative toxicity thresholds$ dispersed oil for sensitive life history stages
compared to maximum and average dispersed oil cdraté@ns at O to 5 meters
without the use of dispersants.
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Figure 35 The ADIOS predictions for the fate of the floating oil in Northwest Arctic Alaska
scenario with the use of dispersants at 40% effectiveness.
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