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Executive Summary

Executive Summary

Project Background

The past century of commerce and warfare has lefiacy of thousands of sunken vessels alon@tBe

coast.The public has long bedascinagd by shipwreckbecause of their significance to history and

culture. Howeverthere is growingoncernabouttheir potential environmental impadtem eventual

release of their cargo and fuBlozens of stories have been written about the prabéssociated with

leaking World War Il -era ships lost in both the Pacific and Atlantic Oceans. Although a few, stiah as
Mississinewand theJacob Luckenbaglare weltpublicized oil pollution threats, most wrecks, unless

they pose an immediate pollutichreat or impede navigation, are left alone and are largely forgottién

they begintoleak of t en becoming the source of .imystery sp

Recent response efforts in tHeS.and elsewhere have led to interest fromhlgvernment anthe spill
response and salvagelustiesto systematically identifyincorporate in regional and area contingency
plans,investigate, and potentialtffload the oil remaining onboamrecks before they begin to leak. The
Marine Technolog Society published specialissue focused on underwater pollution threats (MTS
2004), and the 2005 International Spill Conferenc€lOSC)commissioned an issymaper (Michel et

al., 2005) that furthered the discussion. Much of the interest is bguanasriveremoval of oil contained
within a wreck can be planned and managed moreeffesttively than a emergency spill response.
Equally important, proactive removal of the oil would avoid environmemtadlsocieeconomic
conseguences associated vattlischarge from the vess€he scope and scale of the issue as previously
framed by the IOSC and othexgreoverwhelming for state and federal response personnel without
narrowing of focus to vessels that are of highest risk.

Only a fraction of theestmated20,000 shipwrecks ib).S.waters are likely to contain oil. Many older
wrecks were codired or sailing shipgnd never carried oil as fuel or carfydore contemporary ships
often came to a violent end, breaking apart in storms, collisions, attla.lMany shallow wrecks were
salvaged or were deemed hazards to navigation and intentionally destroyed. Others sank off the
continental shelf and were never located. All have suffered frorasion and the passage of time.

The National Oceanic and Atmpheric Administration (NOAA)naintains a large database of

shipwrecks, dumpsites, navigational obstructions, underwater archaeological sites, and other underwater
cultural resources. ThinternaldatabaselResources and Undersea Threats (RUBIEudes

approximately 20,000 shipwreckslihS.waters(FigureES-1). Giventhesenumbes of wrecks inU.S.

waters, it is crucial that archival research and risk assessment corfouthas! study focus on methods

to determine whiclwrecks are most likely to ctain harmful quantities of oil. llorder to narrow down

the potential sites for inclusion into regional and area contingency pla2&lmCongressappropriated

$1 million to identify the most ecologically and economically significant potentially poltptirecks in
U.S.waters.NOAA worked closely with the U.S. Coast Guard Office of Marine Environmental Response
Policy in implementing this mandafEhe Remediation of Underwater Legacy Environmental Threats
(RULET) effort supported by these fungpividesinformation that assistheU.S. Coast Guardnd the
Regional Response Tealfi®RTs)as well as NOAA in prioritizingpotentialthreats to coastal resources
while at the same time assessing the historical and cultural significance ofdhesgenvable ctliral
resources.
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Executive Summary

Figure ES: The NOAA Resources and UnderSea Threats (RUST) database has over 0,000 targets, including
20,000 vessels.

NOAA scientists and archaeologists analyzed tgisearching a broad variety of historical souraes
wrecks inU.S. watersusinga tiered approach to develop a priority list of wrecks for funthenitoring or
assessment. They worked closely vitteU.S. Coast Guar8alvage Engineering Response Team
(SERT)toincorporatea s al vage e n g int e hisfirisal idoematsop gathdred bye
NOAA. In addition,NOAA worked with Research Planning, InRPS ASA and Environmental
Research Consuttg toconduct modeling of potential oil spills from the priority wretk&entify the
ecological and socieconomic reources at riskThisreport summarizes this oil pollution threat
assessment process awres vessels based on a broad madilsciplinary, weightof-evidenceapproach
that combines the historical evidence, archaeological interpretatidsalvage engieeringwith
pollutant fatemodeling andecological andociceconomic risk assessment

Shipwrecks hold many secrets; key details such as logbooks and loading records literally went down with
the ship. Most of these wrecks have not been directly sungyesinote sensing technologiekyers or
remotely operated vehiclgthusdetailed information on thephysical status angmaining contents is
unknown This combination of historic and scientific assessment methodsredlpssthose uncertainties

ard provides a sound basis ®vduatingshipwrecks for further assessment and response. As more
information becomes available, thesaluationsmay change.
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Project Results and Summary

A separate database, RULET, was created for the subset of wr&d{ST with the highest potential to
cause pollutionNOAA used a tiered approach to develop an initial priority list of vessels for risk
assessmeninitial screeningcriteria, based on available data for each wrgahuded vessels sunk after
1891 (wherlJ.S.vessels begaconversiorto fuel oil), vessels built of steel or other durable material,
cargo vessels over 1,000 gross tons (smaller vessels would have limited cargo or bunker capacity), and
any tank vesseAs a result of this initial screenintihje RULET databasearrowed down the 20,000
vessels td73wreckswithin theU.S.Exclusive Economic ZondX.S. EEZ that could pose a substantial
oil pollution threatAdditional research revealed that the actual number of wrecks posing a substantial
pollution threat was much lower (107) due to the violent nature in which some ships sank and the
structural reduction and demolition of those that were navigational haZaelsesources at risk
assessments based on the pollution modeling further narrowkst thNOAA developed a total of 87 risk
assessment packages ¢onsideration by).S. CoastGuardFederalOn-Scene Coordinator§&QSCs),

RRTs and Area Committee®ased on vessel contents, condition, environmental séysiand other
factors, NOAA has deterimed that6 vessels are high priority for a Most Probable (10%) discharge, and
36 are high priority for a Worst Case Dischaffjable ES1).

Table ES: Number of vessels in each priority cé&bedgloey87 priority wrecks for the Worst Cielsesstind
Prdbable Dischargelumes.

Category Rank No. Wrecks for Worst Case Dischail No. Wrecks for Most Probable Dischal

Medium Priority 40 36
Low Priority 11 45

Most of these wrecks have not been surveyed for pollution poténts&mecases, little is known about
their current conditionlt is possible that some vessels that were removed from the list may prove to be
pollution hazardsFor example, if archival research suggested a vessel had been salvaged or destroyed
and would no longehave any structural integrity, it was removed from theHstvever,it is necessary

to use the best informati@vailableto focus limited resources on the highest priority threats

To prioritize which vessels are candidates for further evaluatiodA used a series oksselrelated

risk factorsbased on current knowledge and best professional juddmassesphysical integrity and
pollution potentiabs well as othdiactors that may impact potenti@movaloperationsf such operations
were uneértaken The pollution potential factors were: 1) total oil volume potentially onboard as cargo
and bunker fuels; 2) oil type; 3) if the wreck was reported to have been csaadthzard to navigation

or demolished; 4) if significant amount of oil wastlaluring the casualty; and 5) the nature of the
casualty that would reduce the amount of oil onboard, such as multiple torpedoes or structural breakup.
The factors that may impact potential operations were: 1) wreck orientation on the seafloor; Z)depth;
visual or remote sensing confirmation of the site conditions;ether hazardous materialereonboard;

5) if munitionswereonboard; and 6) if the wreck is bistoric significance and will require appropriate
actionsto be taken under the NatialHistoric Preservation Aandthe Sunken Military Craft AcEach
factor was also assigned a data quality ratitighe end of the evaluatioeach vessel was given an
overall vessel risk score of High, Medium, or Ldifter this third level of screenin@7 wrecks
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remained on the priority ligshown inFigureES-2) as vessels scored low were screemgtdAppendix A
lists the 486 wrecks removed from the priority list and a shoeratit on the basis for removal.

o RULET (87)
¢ RULET Reportedly Leaking (9)
US EEZ As of 1 July 2012,

0 250 500 1,000 1,500 2,000
- e e Viles

Figure ES: Thelocations of ti8& priority wrecks addressed in this report.

The next step was to use probabilistic computer models to assesgehiial ecological ansbcic
economidmpacts ifthere was an oil releadBecause the amount of oil on board at the time of departure

from port is unknown for most vessels, they were assumed to have full bunkers andnctirgdew

instances where fuel consumption rates were known before the environmental models were generated, the
total bunker volumes were reduced to take into accounintera of fuel likely burned during the

voyage. In most instances, however, this information was not known before the environmental models
were generatednd the maximum bunker capacity was used to error on the conservativiehside

models were run usinfive potential oil releasscenariog100, 50, 10, 1, and 0.1% of the known or
estimatednaximum total amount of oil onboard).

Of the 87priority vessels47 (54%) have unknown or unconfirmed locatipfisu nconf i r medo | oc a
includesvessels where divethave reported finding a ship but definitive identification of the shipwreck

has not yet occurre@here are numerous instances of vessels being misidentified, particularly in areas

where several vessels of similar size and age werdridsiese casethe last knownepored positions

ES4



Executive Summary
|

were used fomodeling purpose Wind and currentecords at and around the wreck site of interest were
compiled into the oil spill model® helpdetermine thg@otentialrange of distances and directidhat
thesehypothetical oil spillsmighttravel fromthewreck site These dngterm wind and current records
were sampled at random and model nwaseperformed for each of 200 selected spill dates and times.
This set of random dates/times represents the potential emérdgal conditions that could occur during a
releaseThe model results predicted thelumes of watethat might beexposedareas of water surface,
andlengthsand typeof shorelineabove effects thresholfisr eachmodeled wreck

Regressioreurvesbasdonfive different potentiakpill volumesfor the modeled wreck were used to

guantify thepotentialimpacts to 1) water columrresources?) water surfaceesourcesand3) shoreline
resourceslt was not feasible to conduct individual computer modweukations of all87 of the priority
wrecks due to |imited time and financial resource
proximity and with similar oil types were created. The wreck with the largest potential amount of oil
onboard waselected for modeling of oil release volumes, and the results were used as surrogates for the
other vessels in the clustd@io support contingency planning efforts, scarearacterizing the scope and

scale of potential ecological and seeiconomic resoge impactsare provided for two of the modeled
volumes the Worst Case Dischargd/CD; 100% of the oil volume) and the Most Probable Discharge

(10% of the oil volume)Thus each vessel had three scores for ecological impacts and three scores for
socicecaomic impactsas illustrated imableES 2.

As shown in Table ES 2ptdevelop an overall risk score for each spill scenario for each wreck, the six
component scores from the modeling were added with the score generated foorrafi@analysisof the
pollution potential factorsConfidence in the data quality is also noted for esmtine The total scores

were used to assign a final priority to each wreck under both the Worst Cadestriérobable
Dischargescenarios. Table ES shows the distributioaf the final risk scores, and Table B3sts the

87 vessels and their final scorbine of theseresselsvere initially reportedasleakingor known to have
visible oil in overhead spac#sat numbechanged over time with vessels being taken out oflét@base
(e.g.a coal fired vessel witheehicle anduel drum deck cargo) and others added

Most wreckghat have been identified Ih.S. waters tadateare thought tdnave little to no recoverable

oil or represent relatively minor threat$owevera small number may contalundreds of thousanadé
barrek (bbl) of oil and could become ecological and sestmnomic threatsSelectingany of these

vessels foproactive response will requiferther analysis includinghoredetailed spill trajectory stiels
andmonitoring or oil removaleasibility studies. Whil¢éhe salvagéndustryand oil spill response
organizationhave demonstrated great advancements in underwater oil removal technologies, in many
cases the bestternative may not be removal of ,dilutratherto monitor the wreck and plan for potential
spills. The current risk assessment project will assist in better planning for both alternatives.

Under the National Contingency Plan, th&. Coast GuatdRRTs and local Area Committedmve the
primary authority and responsibility to plan, prepare for, and resjpooil spills inU.S.waters. Based on
review of available informatioand its role as a resource trustd®AA makesrecommendationfor

each of the 87 wreckn separate, detaile@ports, rangingrom inclusion of the wreck in the Area
Contingency Plansp that if a mystery spill is reported in the general dneajessel could be
investigated as a soujd® implementation of an active monitoring plan, or consideration of theosite f
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an inwater assessment. NOAA also recommends thia¢ach effortde conductedavith the technical

and recreational dive community as well as commercial and recreational fishermen who frequent the area
to gain awareness of localized spills in the gdremea where the vessel is believed ldsese are
recommendations; the final determination of what type of action, if any, rests with the U.S. Coast

Guard under authority from the National Contingency Plan and the Oil Pollution Act of 1988.the

risk assessments are incorporated into regional and area contingency plans, it is likely that local
knowledge will bring forward other vessels that meet the criteria that the U.S. Coast Guard can apply the
RULET methodology to as well.
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Table ES:Example summary scoringd®ULET wreck.

Data

Vessel Risk Factors Quality Comments SRclzlr(e
Score
A2 Oil Volume (total bbl) |Medium| Maximum 88,@0 bbl, not reported to be leaki
A2 Oil Type High | Cargo isrude oil, a Qup llbil type
Pollution B: Wreck Clearance High | Vessel not reported as cleared
Potential C1: Burning of the Ship High | Significant fire reported Med
Factors C2: Oil on Water High | Oil was reported on the water; amount is not
D21 Nature of Casualty High | Multipléorpedaletonations, explosion
D2 Structural Breakup High | Vessel remains in one contiguous piece
Archaeologica . . Detailed sinking recadd site repow$ this ship|  Not
Assessment Archaeological Assessme| - High exist, assessment is believed to be veryeaccy Scored
Wreck Orientation High | Inverted (turtled)
Depth High | 90 feet
Visual or Remote Sensing High | Locatiohas been surveyed
Confirmation of Site Cond 9 y
Operational Other Hazardous Material High | No Not
Factors Onboard 9 Scored
Munitioet Onboard High | Munitions forboard weapons
Gravesite (Civilian/Military High | Yes
Historical Protection Eligit] . ;
(NHPA/SMCA) High | NHPA angossiblsMCA
Most
WED | propable
. . Nearshore haligavhich are importar|
3A: Water Column Resou| High spawning areas at greatest risk of il Med Med
Slicks could cover large areas with
abundant wintering waterfowl, sea {
3B: Water Surface Resoul High | concentrated 8argassumats where Med
. oil also tends to concentratk, an
Ecological . : !
REsOUTCes spawn!ng habitat for .many fish/shel
Shoreline resources include wetlang
which are difficult to clean and unde
) . longterm decline, large bird nesting
3C: Shore Resources High colonies, turtle nesting beaches, nu Med
areas for many fistdashellfish, and
wintering habitat for listed bird spec
Socio . .
Economic 4A: Water Column Resou] High i'\r/nbdoerrtztri \]f:’s;ﬁ: COIr%rSr? dl;npact n Low
Resources P 99
4B: Water Surface Resou| High Re.latl_vely Iargmpactn mportant Med
shipping lanes and fishing areas
) . Moderate shoreline oiling would ocd
4C: Shore Resources High areas with important resources iz
Summary Risk Scores 13
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Table ES: Overall results of the assessment for Worst Cagge MECHsNnd Most ProbaBliechargéMP)

WCD . .
. WCD Final| MP Final
Vessel Name Oil Type Volume Score Score

(bbl)
Gulfstate Crude 86,000
Esso Gettysburg Crude 132,000
Francis E. Powell Light 93,000
R.W. Gallagher Heavy 86,000
Lubrafol Light 80,000
China Arrow Heavy 93,000
Norness Light 99,000
W.D. Anderson Crude 146,000
W.L. Steed Crude 78,000
Hamlet Crude 77,000
PanMassachusetts Light 116,000
George MacDonald Heavy 115,000
Joseph M. Cudahy Crude 90,000
William Rockefeller Heavy 150,000 14
Coimbra Light 29,000 13
Maiden Creek Heavy 9,000 13
Doris Kellogg Crude 60,000 13
Cities Service Toledo Crude 93,000 13
Diamond Knot Light 7,000 13
Drexel Viory Heavy 12,000 12
Halo Crude 71,000 14
Fernstream Light 13,000 13
USNS Mission San Mig Light 15,000 13
John Straub Heavy 13,000 13
Cornwallis Heavy 10,000 12
Lancing Light 77,000 12
Norlavore Heavy 4,000 12
Paestum Heary 12,000 12
Juan Casiano Heavy 7,000 12
Ohioan Heavy 11,000 12
Jacob Luckenbach Heavy 700 12
Puerto Rican Heavy 21,000 12
Larry Doheny Heavy 73,000 12
Regal Sword Light 23,000 11
Gulfoil Light 55,000 11
Cities Service No. 4 Light 12,000 10
Bloody Marsh Heavy 118,000 14 14
Potrero Del Llano Heavy 8,000 14 12
Argo Crude 3,000 14 12
USS Neches (AD Light 68,000 14 12
PanPennsylvania Heavy 11,000 14 11
Allan Jackson Crude 81,000 14 11
Buarque Heavy 9,000 14 11
Mar Il Crude 84,000 14 11
Nordal Heavy 8,000 14 11
Venore Heavy 10,000 14 11

Note: Colors indicate final priority scorindRed = High Priority; Yellow = Medium Priority; and Green = Low

Priority
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Table ESS: Cont.

WCD . .
: WD Final | MP Final
Vessel Name Oil Type V?glé:’)ne Score Score
Prins Willem V Light 3,000 14 11
Oregon Light 9,000 14 9
C. O. Stillman Light 144,000 14 8
Oneida Heavy 5,000 13 12
Mormackite Heavy 6,000 13 12
Managua Heavy 5,000 13 12
Manzanillo Heavy 5,000 13 12
Norlindo Heavy 5,00 13 12
Cherokee Heavy 10,000 13 11
Cayru Heavy 14,000 13 11
Ljubica Matkovic Heavy 7,000 13 11
Pacbaroness Light 8,000 13 11
Camden Heavy 8,420 13 11
Mobile Point Light 4,000 13 11
India Arrow Light 94,000 13 10
Sheherazade Light 10,000 13 10
Emijre Gem Heavy 2,000 12 12
Marine Electric Heavy 4,000 12 11
Northern Pacific Heavy 8,000 12 11
Swiftscout Heavy 4,000 12 11
Alcoa Puritan Heavy 10,000 12 11
Gulfstag Heavy 12,000 12 11
Robert E. Lee Heavy 7,000 12 11
Virginia Heavy 13,000 12 11
Gufpenn Heavy 14,000 12 10
Edmund Fitzgerald Heavy 2,000 12 10
Monrovia Heavy 2,000 12 10
Aleutian Heavy 3,000 12 10
Panam Light 7,000 12 9
Tokai Maru Light 2,000 12 9
Taborfjell Heavy 3,000 11 11
Empire Knight Light 10,000 11 10
Stolt Dagali Light 15,000 11 10
Munger T. Ball Heavy 3,000 11 10
Coast Trader Heavy 7,000 11 10
Santiago de Cuba Heavy 3,000 11 9
Rawleigh Warner Heavy 3,000 11 9
Bunker Hill Heavy 2,000 11 9
Material Service Light 3,000 10 10
Panky Light 5,000 10 9
Vainqueur Light 5000 9 8
Note: Colors indicate final prioritgcoring Red = High Priority; Yellow = Medium Priority; and Green = Low

Priority
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The distribution and final scores for the priority wrecks in dach Coast GuarDistrict have been
plotted on maps and suranized in tables in Sectidh The maps and table for.S. Coast GuarBistrict
7 are shown in Figures ESand ES4 and Table ESl, as examples.

U.S. Coast Guard District 77 Florida
RULET July 2012 Final Scores R i SRl )
Final Score WCD/MP : BeST e N
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HIL
MM ;
M/L S ' Esso Gettysburg
L £
—— USEEZ
| NMS Boundary
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> Doris Kellogg .

"..George MacDonald
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Figure ES3: Map of the priority vessdls$n Coast Guddstrict off Floridall District mapee in Section 3.
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U.S. Coast Guard District 717 U.S. Caribbean Islands

RULET July 2012 Final Scores
Final Score WCD/MP

® HH
H/M
H/L
M/M
M/L
L/L
— US EEZ

NMS Boundary

i~} 7th CG District Boundary

® 6606 00

Figure ESL Map of the priority vessdls$n Coast Gudddtrict Dff the).S.Caribbean islandi4aps for all
Districts are in Section 3.

Table ESA: Final scores for the priority vessels @odst Guaidistrict 7Tables for all Districts are in Section 3.

Name WCD Final Score MP Final Score USCG District
Gulfstate 7
Esso Gettysburg 7
Lubrafét 7
W.D. Anderson 7
PanMassachusetts 7*
George MacDonald 7
Joseph M. Cudahy 7
Doris Kellogg 7
Juan Casiato 12 7
Ohioan 12 7
Bloody Marsh 14 14 7
Potrero Del Llgrio 14 12 7
Managud 13 12 7
Manzandl* 13 12 7
Norlindo 13 12 7
Munger T. Ball 11 10 7
Santiago de Cuba 11 9 7
Panky 10 9 7*
CO. Stillman 14 8 7

Note: Blue denotes WWII casualtiegndenotes confirmed locatiph denotes unconfirmed locatipremaining
are unknown locationg* denotes foreigtilagged.
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SECTION 1: INTRODUCTION

Background

The past century of commerce and warfare has lefiacy of thousands of sunken vessels alon@tBe

coast.The public has long bedascinaed by shipwreckbecause of their significance to history and

culture. Howeveg there is growingoncernn their potential environmental impadtem eventual

releaséof their cargo and fueDozens of stories have been written about the problems associated with

leaking World War Il era ships lost in both the Pacific and Atlar@iceans. Although a few, suchtas
Mississinewand theJacob Lu&enbachare weltpublicized oil pollution threats, most wrecks, unless

they pose an immediate pollution threat or impede navigation, are left alone and are largely fongibtten

they begntoleak of t en becoming the source of .imystery sp

While proactiveresponse to an eiden wreck isn most casesnore cost effective than an uncontrolled

spill, only a fraction of the 20,000 shipwreckdJr5.waters are likely to contain oil. Many older wrecks

were coaffired or sailing ships. More contemporary ships often came to a violent end, breaking apart in
storms, collisions, or in battle. Many shallow wrecks were salvaged or were deemed hazards tomavigati
and were intentionally destroyed. Others sank off the continental shelf and were never located in the deep
ocean. All have suffered from ¢osion and the passage of time.

The National Oceanic and Atmospheric Administration (NOA#intains a large dabase of

shipwrecks, dumpsites, navigational obstructions, underwater archaeological sites, and other underwater
cultural resources. The Resources and Undersea Threats (RUST) database includes appRixioately
targets of which 20,000 ashipwrecks inJ.S.waters Giventhesenumbes, it was crucial that the

archival research and risk assessment condfmtehis studyfocus on wrecks that are most likely to
contain harmful quantities of oil.o narrow down the potential sites for inclusion into regi@nd area
contingency plans, i8010,Congressappropriatedsl million to develop a list of the most ecologically
and economically significant potentially polluting wreckdJis. waters NOAA worked closely with the
U.S. Coast Guar®ffice of Marine Enironmental Response Policy in implementing this manddte.
Remediation of Underwater Legacy Environmental Threats (RUIpEdj¢ctassistdhe U.S. Coast Guard
and the Regional Response TedRRTSs) as well as NOAAIn prioritizing potentialthreats to

ecological and socieconomiaesourcesvhile at the same time assessing the historical and cultural
significance of theseamrenewable cultural resources.

NOAA scientists and archaeologists analyzed ttata a broad variety of historical sourcesdatingto
wrecks inU.S.waters usinga tiered approach to develop a priority list of wrecks for funthenitoring
orassessmeni O A A 6 s wdrkedawiththeU.S. Coast Guar8alvage Engineering Response Team
(SERTMtoincorporatea s al v age e nigeinto the historical ipfermatiqrie addition,
NOAA contracted witfResearch Planning, INn®RPS ASA and Environmental Research Consulting

Yn this report, the terms discharge and release are both used to describe the leaking of oil from a wreck; these terms
do not imply a regulatory or legal determination.
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conduct modeling of potential oil spills from the priority wrecks and assess the ecological and socio
economiaesources at risk.

Goals and Organization of this Report

The intent of thigeportis to provide a current assessment oftthieat of oil pollution fronpotentially
polluting wrecks inJ.S.waters, and to substantially update the position paper on jaditepolluting
wrecks that was done for the 2005 InternationalSpill ConferencéMichel et al., 2005)Details of
individual wrecks are supplied in a serieseparate, detailecbmpanion reportthat are available via the
web from NOAA and the 1$. CoastGuard

Only wreckswithin or likely to affectthe U.S. EEZand territorial waterare considerediere Two

vessels in the Great Lakasd one off the coast of Floridall just over the international boundks; were

the exceptions as they hasigrificant potential for impact ttJ.S.resourcesWhile NOAA focused on
U.S.waters thisdocumenimay be useful for other countries concerned with potentially polluting wreck
in their waters. The repoprovides an understanding of the contextethodsard results of thenulti-
disciplinaryrisk assessment process thaty be applicable for other jurigdtions facing similar issues.
Like many other risk assessments of potentially polluting wred®AAS6 wamoftenhad to make
assumptions regarding the s&bf the vessels in question. However, the broad and-distiplinary
approach of this analysis allowed the team to develagmaticassessments that can be incorporated into
area and regional spill response contingency plans By.8eCoast Guardrhe intent of the risk
assessment is gupportU.S. Coast GuarBederalOnSc e n e C o o0 FOSCshRRTsmnddosal (
Area Committeef their decision making about the neednitiate monitoring, assessment recovery
work should it be necessary.

Section 1 provides a synopsis of recent assessment and recovery efforts of potentially polluting wrecks in
U.S.waters followed by some recent international examples. Té®rt and ranking effort afecused

on submergewrecks Although modernabandoneand derelict vessellong the shoreline and in

shallow wateare a significanissue they are not addressedyond a couple of exampléfn a parallel

effort, theU.S.National Response Team is developing a Technical Assistance Document that is intended
to provide best practices for dealing witérelict and abandoned vesseBection 1 alsprovides a

summary and analysis of thisk factorsfor the separate detailed reports for @epriority wrecks.

Section2 includes a detailed discussion of tterativescreening process used by the project team,
explainingthe identification of criteria and how the process was narrowed down with additional research.
It also containsrmassessment of the challenges and limitations cdi¢hessible historical infmation

The risk assessments also include an evaluation of the expectaebingical site formation processes

that help to provide understanding and contéxtow a ship becomes a shipwreck and what typically
happens over time aswreck deteriorates

Section Zanalyzes consequences of potential spaisgpollution trajectory models based on
assumptions othe volume and oil typd2otential release volumes were based on available records,
number of days underway, and information available aboitichéhl casualties, whether from collision,
weather, or wart was not feasible to model all 87 priority wrecks with the available timdiaadcial
resources, soessels were clustered by oil type in oceanographically similar &easrally, thevessé
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within a clustemwith the largest potential volumwasmodeled and regressions were used to derive
information for the clustered vessaRegardless of whether a vessel was individually modeled or is
represented within a cluster, vesspécific modelinghat reflects current operational conditions would

be necessary prior to eite assessment or recovery activitidsdeling was only done for gihot other
hazardous cargos such as the mercubpardthe M/V Empire Knight This report presents the risk
assessment for potential releases of oil, pursuant to the specific Congressional directive. However, given
operational and safety concerogher hazards associated wathindividual wreck are listed where

known. Arguablyfor some vessels with other la@dous cargos on board, the ecological and socio
economic impacts associated with those hazards may be more significant that those associated with
potential oil pollution.

Ecological and socieconomic resources at risk information were based on moderlipgts and were
provided for each vessebcores for each of the elements of the assessment were coalfplethg the
team to determine a High, Mediyor Low score for each vessel for both the Worst Case Discharge
(maximum volumeonboard and the MosProbable Discharge (10% thfis maximumvolume).

Sectiond addressebl.S.developments in the understanding of this issue, a characteriahtiarrent
stateof-the-artassessment and survey technolggaesi recovery techniqudsalsodiscusses
monitaring, assessment, and response alternatives and operationathissaeamportant for decision
makers to understandrfeeducing overall risk fnm potentially polluting wrecks.

Section 5 is alsmmary of legal issuepresented primarily from thd.S. nationalperspectivealthough
someinternational authorities are also addressed.

Section6 provides the overall recommendations and conclusions regarelxigtepsor monitoring,

assessment, and response to the most significant potentially polluéaksvimcluding those with

known, unconfirmedand unknown | ocati ons. This section provi
recommendations for assessment and potential pollution recagamell as identifying priorities for

surveys of opportunity famonitoring anddentification of vesselgith unknownor unconfirmed

locations

Problem Definition/Framing the Issue

History of Concern for Potentially Polluting Véreck

Recent response efforts in tHeS.and elsewhere have led to interest from both government andrindus
to systematically identify, investigate, and potentiafifoad the oilremainingonboardwrecks before

they begin to leak. The Marine Technology Society publisheggkaial journal volumécused on
underwater pollution threats (MT3004), and the@05 International Oil Spill Conference commissioned
an issuepaper (Michel et al., 2005) that furthered the discussion. Much of the interest is h@omatige
removal of oil contained within a wreck cpotentiallybe planned and managed more afdively

than a emergency spill respondequally importantproactive removal of the oil would avoid the
environmentahnd socieeconomicconsequences associated with a discharge from the vessel.
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Since these reports were published, several leaking orisiglvrecks in théJ.S.have been investigated
and, when appropriateemediated (seBectionCase Historie$ U.S.). Internationally, there have bean
number ofefforts to conduct risk assessments and undertake removal actions as well. New technologies
have been developed, tested, and proven to be effective at both assessing the amount of oil remaining
onboard and safely removing the oil, even at great depths. Thereftbréhe technological limitations
decreasing, the greatesmaininglimitations are identification of priority threats arfdnding. It is

through risk assessmansuch as this studyhat those vessels posing the greatest risk can be identified
and prioritized.

Historical Context/Maritime Landscape/Battle of the Atlantic

Although manyships have wrecked id.S.waters mostof these wrecks occurred before the use of oil as
a fuel source or as a commonly carried cargo and do not presgihpallution threat to thenvironment.
As a resultthe number of wrecks id.S.watersthat poentially contain oil is far less than the total
number of vessels lost along tHeS. coast Thevast majority of potentially polluting shipwrecks lost in
U.S.waterscan be tracked to a foyear period between 1941 and 1945 when Japanese and German
submaines sought to destroy tankers and freighters along the relatively undeféi&ledasts.

After the Japanese attack on Pearl Harbor on December 7, 1941 Stleatered into World War 1l and

declared war on Japan and Germagttingin motion a widspreadmaritimeconflict along the entire

seaboard of North Americ&erman Uboat raiders attacked merchant shipping off the East Coast with
astonishingsuccessnd t he destruction that ensued came to
with nearly200 merchant vessels sunk between January and April of 1942 (Ched@8n

America is the largest enemy ship builder. The shipbuildingstmg area

lies in the eastern states and it, and the industries connected with it, rel
considerably on oil fuel. The main American oil area lies on the Gulf of
Mexico, and for this reason the largeart of the American tanker tonnage
used in the coastal traffic is f

From a report from Karl Doenitz, the Befehlshaber dé3ddte
(supreme commander of the German Navy), to Hitler in July 194/
detailed his thoghts about how he saw theldat affecting the
American home front.

I naugurated by Germanydés initial offensive, code
Har bor o was t he pr aofundheckadderman aomiograiding (Gannomddpd h

on the East CoadBy the end of August 1942 alone, German submarines had att@o#ednk85

vessels in North American waters while losing only sesetheirown and the Japanese hsuthka

smallernumber of vessels off the West Codstied losses off Cape Hatteras, North Carolina were so
numerous that the ar ea kn oowasbengcatled @nelirameabyte ar d of
freighter and tanker crewSTorped Jun ¢ t i(Hickan, 1989.

As the merchant ships continuedat® sunk large amounts of oil and debris began to wash ashore
alerting coastal residents of the proxyrof World War Il to Americanal. Despite the increasing loss

4
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of ships offshore, American cities kept their ligliiluminated as thelfadduring peacetime conditions,
effectively silhouetting merchant vessels offshore and resulting in their demise.

Allied naval forces were amassed and ultimately forced withdrawal of the German and Japanese forces
from U.S.waters By the end of 1942, enemy attackdJrs. watersslowed andU.S.waters became safe

to traverse without pressing concern of confrontation with enemy submatimesyver, Uboats

continued to harass and sivisseloff the Atlantic coast into the spgrof 1945.

Although other ships have been lostirs. waterscarrying oil anchavebeen incorporated into this
study, World War |l resulted in the majority3 of the 87pf the shipwrecksn the final list(Figure1-1).
Many of these shipwrecksve agplace in our history and heritags they represent the struggle to keep
vital war supplies flowinglomesticallyandoverseasTheyshould be regarded not merely as potentially
polluting shipwrecksbut as historical resources tmaay containmunitions, lunker fue] andpolluting
cargos Many of these shipwrecks aasogravesitesAs such, in addressing potential threats to the
environment, th&Vorld War llwrecks may raise a number of additional interestssibry and culture
that need to be considera planning and executiaf any assessment and recovery activities

RULET Losses by Cau
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Figurel-1: RULET losses by causghlighting the large number of vessels lost dugdaieavaauses during
World War. i

Other Hazards from Wrecks

NonpetroleuntCargo

This asessment is focused on oil pollution, biltis not the only pollution threat from shipwrecks. Many
wrecks are known or suspected to contain significant quantities of toxic materials. The list of potential
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contaminants is large, as thousands of differeatricals and hazardous materials are shipped in bulk on
oceangoing vessels. Much of the concern about hazardargosfocuses on persistent substances, such
as mercury, that are not soluble in seawater and not biodegradable, but are known to cauale chemic
contamination of the food chain. These contaminants may confound or complicate underwater salvage
operations. For example, tM/V Empire Knight a British freighter that struck an underwater ledge, split
in two, and sunk in a blizzard off the Maine sbén December 194%had221 flasks of mercury in its
war-time cargo. Because of thezardous mercury cargo, theS. Coast Guarbas declared a Permanent
Safety Zone around this wreck sitaeredredging, diving, salvaging, anchorirand fishing are

prohibited. TheU.S. Coast Guarbas implemented a monitoring program for this site to evaluate
potential impacts of the mercury in the surrounding environment.

More recently, the freightd?acbaronessank near the Channel Islands off the California coas987 in

over 1,400 feet of water with a cargo of 21,000 metric tons of finely powdered copper concentrate. The
vessel was also carryir8080bbl of fuel oil and238bbl of lubricating oil wherit sank. Initial

investigations indicated that approximaté6 bbl of oil spilled from the wreckage, and that some

copper concentrate escaped into the water from breached cargo holds (Hyland, 1988).

Munitions

Warships and cargo vessels sunk in wartime atsgcontain munitions, including explosives and
chemicalwarfare agents, which may pose a continued threat because of their chemical composition.
Munitions can be found in major quéies in every ocean in the world, including many lakes, rj\erd

inland waterwaysSome were dumpddtentionallyto disposeof obsolete armamengdter armed

conflicts others when the vessels carrying them were [dse number, types, and potential risks of
munitions found at these dump sites or on vessels vary greatly, but are generally characterized as either
conventional lfigh explosive filled) chemical or radiological hazards. Underwater munitions are of
concern as they can affect sensitive coastal and marine ecosystdutsng waters containing

subsistence and commercially harvested marine products, and creats fuafegidermen trawlingr

using other types of bottom ge&iscarded munitions are also a potential concern for minergail

gas exploration and extraction. However, this report doespeaaificallyaddress underwater military
munitions The indivdual risk assessments for the high and medium risk vessels do note what types of
munitions were known to be onboard at the time of loss. For the most part, these were small arms. Most
of the vessels with significant munitions onboard were cleared byilit@rynas hazards to navigation or
because the military tried to destroy all wrecks that could help hide the magnetic or sonar signature of a
U-boat

Legal Issues

In addressing the concerns presented by a sunken vessel that is a potential threatiloethe ma
environment, a number of legal issues may arise undeiand international lawlhe Oil Pollution Act
of 1990is the primary authority in the cleanup of-l@ilen wrecksHowever there are also laws that
protectheritage resources discreet maria protected areas suchNational ParksNational Monuments,
and National Marine SanctuarjéBoselaws and policies may algwovide protectiongor historic
shipwrecksoutside of federal marine protected arddsese laws are summariziedSections. The
overview in Sectiorb also addressatomestic and international laws regulating the treatment of
sovereign immune vessels, such as warships and othe@onamercially operated governmemwned
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vesselsThe policies regarding these vessels may impaantdrer in which cleanup operations may be
conducted and the issues that arise because many \areekso gravesiteAn overview of these laws
and issues is set out to provide a legal context foisgue It is not intended to be a comprehensive
analysis or legal advice because such an analysis should be conducted chyaazsebasis by the
appropriate legal counsel in the agency with authority to implement particular stataggeemerst

Case Histories i U.S.

Recentspills from sunken wrecksave heightened concerns about the potential environmental kazard
posed by shipwrecks. Over the past decade a number of wrecks hairvbsetgatedfound intactand

been remediated, batherwrecks, long believed to be intact and potentially oil lasva@re foundo be
empty.Recentwreck remediation projects l0.S. waters include examples from the Atlantic, Pacific,

Alaska, and Oceani# this section, short summaries of survey and removal adtotisese recent case
historiesare providedMost ofthese case histories involve lesgnken wrecks that were later

investigated, but more recent sinkings and several stranded wrecks are also included as the technologies
and issues are related. The case histories are listed by project year in-Table 1

Table 11: Domestic potentially polluting wreck remediation projecisojestgdaryHFO = heavy fuel oil.

. uantit Water
Vessel l\!arqe Project| | ocation Action Igemoveyd CargofBunker Depth
(Year of Sinking) Year (bb) Type (M)

Tenyo Mayu 991 1991 | Washington| Partial Removal 620| Diesel 540
Clevecp1942 1995 | Ohio Removal 8,095| HFO 72
Union Faiti969 1999 | Louisiana | Partial Removal 400| HFO 125
Ehime May2001 2001 | Hawaii PartiaRemoval 665| Diesel 2,000
Jacob Luckenbadl®53| 2002 | California | Partal Removal 2,380| HFO 178
Mississinewa944 2003 | Yap Removal 42,860 Navy Special Miesel 130
Roy A. Jodre$974 2003 | New York | Partial Removal 143 | HFO 200
Bow Maring2004 2004 | Virginia Potential Removg 0 | HFQDiesel 265
Palo Alta2004 2006 | Caifornia Removal 12 | HFO Surface
Catala1965 2007 | Washington| Removal 820| HFO Surface
William Beaumph®71 | 2009 | Texas Removal 380| HFO 40
Ex USSChehalis1949 | 2010 | Am. Samoa| Removal 1,430| Gasoline 160
Princess Kathledr952 | 2010 | Alaska Removal 2,620 HFO 134
William McAllisté®63 2011 | New York | Removal 5| Diesel 160
Montebelld 941 2011 | California | Potential Removg 0 | Crudé HFO 900
Davy Crockeff011 2011 | Washington| Removal 914| HFO Surface

Tenyo MaruOn July 22, 1991, the Chinese freighten Hai collided with the Japanese fishing vessel
Tenyo Maruapproximately 25 miles northwest of Cape Flattery, off the northern coast of Washington
State, and a short distance north &f thnited State€anada bordeilhe Tenyo Maruquickly sank in
about540 feetof water.As it sank, the vessel began releasing approxim8&tdbp bbl of intermediate

fuel oil and2,330 bbl of diesel.The resulting slick was carried south and east by currents and avidd
ultimately affected much of the Washington and aiporof the Oregon coasthe vesseleaked for

several weekdn August 1991, aemotely operated vehic{®&OV) was used to insert a hose through a
porthole and recover approximat@30 bbl of diesel, but most of the fuel was believed to have been lost
during or shorty after the sinking
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Cleveco On Decembef3, 1942, the 266t tankbargeClevecowas being towed by the tugdmiral on

Lake Erie in the Great Lakes when the tug and barge foundered in a severdsefthevecojoaded

with about 28,60®bl of No. 6 fuel oil, capsized and saik30 feet of watesix miles north of Euclid,

Ohio. The barge lost some of its cargo when it sank thadargédecame the source of periodic oll

sheens, but no response actions were tdkek959,a deepdraft vessl struckthe bargecausing an
additionalreleaseBecause of the hazard to navigation, efforts were made in 1961 to raise and scrap the
barge, but the barge could not be kept aflaadl the vessel capsized and sank again, this time in 72 feet
of water.In 1994, the vessel began to leak again and an underwater survey found the barge intact and
buried in silt, with oil remaining itenof thetwelve cargo tanksA recovery operation in late summer of
1995 removed approximateBy095bbl of heavy fuel oilDavin and Witte, 1997)

SSUnion Faith On April 6, 1969, the 508 Taiwanese freighter SSnion Faithcollided with a tank
barge being pushed by the towb@étrren J. Doucein the Mississippi Rivenear New Orleans,
Louisiana.TheUnion Faithcaught fre and latesank in theiver. Twentyfive crewmemberdncluding
all of the personnel on the bridge at the time of the colljsi@ne killed and went down with the ship in
aporoximately 125 feet of wateBalvage divers removed the masts and supenstautt reduce the
hazard to navigation, but the wreck, containit@D6 bbl of bunker fuel, was lefind becme buried in
the river sediments. In 1999, after a number of oil releases along the New Orleans walténioont,
Faith was identified as the probk source antheU.S. Coast Guarltired a contractor takate and
remediate the wrecldpproximately 40(bl of fuel were removed (Long, 2001)

Ehime Maru On February 9, 2001, the submarine US8enevillesurfaced and collided with the
Japanesé@isheryhigh school training shighime Maruoff of Oahy Hawaii. TheEhime Marusank

quickly in 2000 feet of water, killing nine crewmembers. The vessel had just refueled and was carrying at
least 1,550bbl of diesel In October 2001 the&hime Maruwaslifted and movedd shallow water near

Oahu were the remaimd the victims were recovered.full environmental response was staged

including equipment for tapping into the tanks, ety little oil remained on boar&65 bbl were

removed TheEhime Maruwasthenscuttledin 6,000 feebf water A light, nonrecoverable sheen was
released during the salvage operatiattp(//www.supsalv.org/pdf/March2@Qod).

SSJacob LuckenbaciThe SSJacob Luckenbacis an oftercited example of a potentially polluting

wreck and a landmark in the development of underwater assessment and removal techBoldgiss.

14, 1953, the 464 freighterSSJacob Luckenbdccollided withthe SSHawaiian Pilot and sank in 178
feet of water, approximately 17 miles wasiuthwest of San Francisco, CA, in the Gulf of the Farallones.
In 2002, the decaying wreck dacob Luckenbactvas identified as the source of mysteriousureag

oil spills that had occurred along the coast for nearly 30 yE€arsulatively these spills killed thousands
of seabirds and other m d_uckenbacTtustde €ouracil, 2006y 2AD2, | i f or ni
theU.S. Coast Guardontracteda sdvor to assess, locate, and remove the remaining oil from the hull.
The assessment included developnodrat 3D model of the vessebome oil remained in the tanks, but
much of the oil had migrated extensively within the wreck via corroded vents ang, @pthoil was

found in over 30 compartments on the vesBet U.S. Coast Guarkbd the response operation that
removed approximatel®,380bbl of oil remaining in the wreckdiowever,some of the compartments

were inaccessible and some oil was left onthoBinus, theJacob Luckenbacis one of the wrecks
assessed in this report.
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USSMississinewdAO 59) The World War 1IU.S. NavyFleet oilerUSSMississinewavas sunk on
November20,1944 at Ulithi Atoll, Yap State, Fetsed States of Micronesiia the western Pacific

Ocean. At its sinking, the 558, 24,425ton vessel had just taken aboard a full load of Navy Special Fuel
Oil (NSFO), gasolingand diesel fuel. For 57 years thiéssissinewaemained undisturbed, capsized in
130 feet of watern 2001 thewreck began leaking andt the request of the Yap State Government, the
U.S.Department of State, thé.S. Department of Interior, and théS. Coast GuardheU.S. Navy
assembled a team of experts to surveyMississinewavreck siteand develop planfr later oil

removal. Some small amounts of oil were recovered in 2002003 theU.S. NavySupervisor of
SalvaggSUPSALV)mounted an extensive operation treahoved42,860bbl of NSFO and diesel fuel

from the wreck J.S. Navy 2003).

M/V Roy A. Jocky. On November 21, 1974, the 6&0long, iron ore freighterRoy A. Jodreyan aground
and sank in about 18200 feet of water in the St. Lawrence River near Massesa YWork. The vessel
became a popular wreck dive, but was deosource of perioditheensin 2002, thdJ.S. Coast Guard
established a safety zone around the vessel and prohibited wreck divingeustilitce could be
remediagd A series of investigatiafoundoil located in spaces throughout the vesaetl a recovery
operation was itiated in 2003 that removed approximat@&i{B bbl of fuel oils. The safety zone was
removed in 2007.

T/V Bow Mariner On February 28, 2004, the 5®0T/V Bow Marinet a Singapordlagged chemical

tanker, suffered a series of explosions and quickly 5@nkiles off the coast of Virginia in

approximately 265 feadf water. In addition t@bout 83,00®bl of ethanol, the vessel had an estimated
4,500Dbbl of intermediate fuel oil and,100bbl of marine diesel oil, and a subatial oil slick was

observedOn March 2, 2004, the NOAA Hydrographic Research $higeconducedsidescan and

multi-beam sonar surveys of thiessel and confirmed that tliessel was largely intaand upright on the

sea floor. On March 24, 2004, twefftye days after th&ow Marirer exploded anganksalvors began

to survey the sunken wreck, including tapping into the hull. After two days of exploring the wreck with
ROVs, the salvage crew concluded that the vessel was catastrophically damaged during the explosion and
no accessibleil remained aboard in the funks (Csulak, 2010)

SSPalo Alta In 2004 and 2005, eitovered birds were observed near Seacliff State Beach in Aptos,
California. Forensic chemistry was used to identify thé*8® Altoas the source. THealo Alto wasa
tanker built in 1919 as part of a World War | shipbuilding program usingreteinstead of steellhe
tanks,however, were built of steehfter the war, thd?alo Altowas grounded on the beach in California
and used forrmamusement park and laterchenea fishing pier, but the bunkeil was never coipletely
removed from the shigfter oil was found in the tanktheU.S. Coast Guardnd State of California
implemented a surveyd cleanupQil was confinedd one forwardgort bunker tankin 2006,salvors
removed aproximately12 bbl of oil and 125 cubic yards of oily sand amgidue from the decaying hull.
Hundreds of dead birdand two dead harbor seals waftso discovered trapped in the tank

(http://www dfg.ca.gov/ospi!

SSCatala The 229ft SSCatala, a Britishbuilt coastal steam ship sold to theSlJran aground during a
storm onJanuaryl, 1965, near Ocean Shores, Washingidre upper portions of the passenger ship were
cut off for scrap and ovedime the hull became buried in the sand. In 2006, erosion exposed the wreck and
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a beachcomber discovered an oily, thick sludge ingid2007, response efforts remov@2 bbl of
heavy fuel 0il,8,570bbl of oily water, and 2,585 tons of aibntaminatd sand (WDOE, 2007)

SSWilliam BeaumontOn August22,2009, thel.S. Coast Guardias notified ofoil sheen off Sabine

Pass, Texas. Initially, a pipeline leak was suspected, but a sonar scan soon traced the spill to a shipwreck
and divers found oil bubiing from a capsized, mostly buried hiurther investigation revealed the
submerged vessel to be the wreck of $i&Villiam Beaumonta 417t liberty ship that sank in 1971.

The vessel had sunk six miles off the East Téxasgsiana shoreline in apprtimately 40 feet of water

while being towed for scrafthe U.S. Coast Guarthobilized a commercial salvage team to the site,
ultimately removing380bbl of heavy fuel oil.

Ex-USSChehalis On October7,1949, the 314t tankerex-USSChehalisexploded, cpsized and sank

in 160 feet of water off the main fuel dock in Pago Pago, American Sdine&hehaliswas carrying
approximately 2,000 rounds ofiBch ammunition, 16,000 rounds of 20 mm ammunition, 36&0bbl

of aviation gasoline when it sarikhe vessel was believed to be the source of periodic mystery spills in
the harbor An environmental assessment conducted by the American Samoa government in 2006 and
2007 found the vessel on its side, with both gasoline and bunker fuel orlbo&pdil 2009, SUPSALYV,

in collaboration with théJ).S. Coast Guarcdtonducted preliminary site investigations to support planning
for an oil removal projectn April 2010, more thar,430bbl of gasoline and fuel oil were removed from
the vessely.S. Navy 2010).

SSPrincess KathleerOn September, 1952, the 369t Canadian coast@lassengesteamelSSPrincess
Kathleengrounded during bad weather on [Rtna, just north of Juneau, Alaska. Approximately 10 hours
later during an incoming tidde vesseslipped off therock and sank with an estimdt&,690bbl of

bunker C fuel oil irits tanks.After the sinking, periodic fuel releases and oil she@asibeen noted ithe
vicinity. The vessel currently sits at an angle on its port side at a depth ranging from 52hiedtoat to

134 feet at the stern. In the spring 2010, the SfafdaskaandU.S. Coast Guardonductedan

investigation to assess the pollution threat posed by the vesseludingthat a removal operation was
warrantedDivers removed oil from 14 fughnks and interior engineering spaces. An estim2@20bbl

of bunker oil and additional amounts of other oils and contaminated water were colleatgdiuziri
operations (ADEC, 2010).

William H. McAllister On November 17, 1963, the tMglliam H. McAlister ran aground and sank in
Lake Champlain between Vermont and New York. In 1997, oil she@erediscovered on the water
above theMcAllister, and concern was raised that the vessel may have been load883\th of diesel
fuel. In September 2010 ROV survey foundhe vessel landed upright in 160 feet of water. No fuel
was found in the tanks, but abdiibbl of oil wereremoved from overhead spaces in the wreck

SSMontebello On DecembeR3,1941, a Japanese submarine sanksStB®lontebellooff the central

California coast, just south of the Monterey Bay National Marine Sancilfaeyessel sits in federal
waters, approximately six miles off the coast of
surfaceJust prior to its sinkinghe Montebellohadloaded 73,57bbl of Santa Maria crude oil and 2,477

bbl of bunker fuel at Port San Luis, Califiia No significant relases were observed when it sank. A

series of submersible dives showed the ship remarkably intact and found thgpeide® missed the cargo

10



Section 1: Introduction
I

tanks where th&1,000bbl of crude oilwereheld.In 2009 a multitagency Task Force was formed to
investigate the vessel and funding was secured to conduct an underwater survey and collect samples from
the tanksAfter an extensie underwater survey in October 2011, the Task Force concluded that the wreck
hadno recoverable otnd had lost its cargo sometime over the past 70.years
(http://www.dfg.ca.gov/ospr/admin/Montelug).

SSDaw Crockett The SSDavy Crocketivas a former Wrld War Il Liberty that was converted to a flat
deck barge, and then stranded along the shore of the Columbia River in Was8iagtdn January
2011, the 434t ship was observed leakingelto improper and unpermitted salvage operations.
Response efforts began immediatielycontain oil and stabilize the vessel andnid-February 2011, the
U.S. Coast Guardetermined that the only way to remove thlenas to cut apart the vess€leanupwas
completed in November 2011. Salvors remo9#&dbbl of bunker fuel 38,100bbl of oily water, and 1.25
million pounds of oily debris
(http://www.ecy.wa.gov/programs/spills/incidents/DavyCrockett/DavyCrockettatml

International Wreck Case Studies and Risk Assessment Approaches

Case HistoriesInternational

A samping of response efforfer submergegbotentially polluting wrecks outside of theS.is shown in
Tablel-2. In some caseafter an assessment and/or surwelywas removegdin other cases authorities

opted to monitor the wreck until a more comprehensive assessment or survey could be conducted, a more
serious oil release occurred, dher legal, technical, or financial considerations could be addressed. Note
that there are many other cases in which oil was successfully removed from a wreck that was grounded,
damaged in a collision @llision (the act ofa moving objecstriking a fixed object) or otherwise leaking

oil but not fully submerged.

Tablel-2: International submerged potentially polluting wreckgrdigteigehy. HFO = heavy fuel oil.

. Quantit Water
Vessel l\!ame Project Nation Action Removgd Cago/Bunker Depth
(Year of Sinking) Year (bbl) Type (f)
TVMildred Anne Brofi§66) 1966 | Germany Removal 154,007 Crude 125
IINMutsy1943) 1978 | Japan Removal ? | HFO 135
TVBetelgeus@ 979) 1979 | Ireland Removal 280,00¢ Crude 100
TVTaniq1980) 1980 | U.K/France | Removal 35,00 | HFO 300
TVAlessandro Primo 1991 | ltaly Removal ? | ChemicaJ$HFO 360
MVNeuenfelEl940) 1993 | Norway Monitor 0| HFO 80
MVEric Giesgl940) 1993 | Norway Monitor 0| HFO 215
Blichef1940) 1994 | Norway Partial Removal 7,000] HFO 300
RAFBoardalé1940) 19% | Norway Monitor 0| IFO 220
TBIrving Whal@970) 1996 | Canada Removal 21,700 Oil/PCBs 220
TVYuil No. (1995) 1998 | U.KIFrance | Removal 4,400] HFO 230
TVErika1999) 1999 | U.KIFrance | Removal 77,700 HFO 425
HMSRoyal Oail939) 2000 | U.K. Partial Removal ? | HFO 90
SSRichard Montgomgr944) | 2000 | U.K. Monitor 0 | Munitions, HFC 25
TVlevoli Suf2000) 2001 | France Removal 28,000 Styrene, HFO 310
TVOsung No. 3997) 2001 | S. Korea Removal 140| HFO 230
MVCastillo de Sal@986) 2001 | Spain Removal 2,800] HFO 15,000
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Table 12: Cont
. uantit Water
W ’\!a”.‘e FITEEE Nation Action Igemoveyd Cargo/Bunker Depth
(Year of Sinking) Year (bbl) Type ()

TVSpabunker [2003) 2003 | Spain Removal 7,000| Crude 200
TVPrestig€2002) 2004 | Spain Removal 91,000 HFO 12000
TVSolarl 2006 | Philippines | Removal 63| Crude 2,100
MSSea Diamond 2007 | Greece Removal 1,050 HFO 490
RMNiagar#1940) 2007 | New Zealang Monitor 0| HFO 400
TVHaver(1991) 2008 | ltaly Removal residual HFO 215
MVWelheini1944) 2008 | Norway Survey Renoval 0| HFO 230
MVNordvardL940) 2008 | Norway Surveyw Remova 0| HFO 130
MVDon Pedr2007) 2008 | Spain Removal 1,400| HFO 150
MVIce Princ€007) 2009 | UK. Removal 2,450 Marindesel 200
TVSamho Brother 2009 | Taiwan Removal 20,000 Benzene, HFO 240
SSSkyttreif1942) 2009 | Sweden Risk Assessment 0| HFO 245
BargeShovelmasté2009) 2009 | Canada Monitor 0 | Diesel 475
TVHoyo Mar(1944) 2009 | Micronesia | Monitor 0| HFO 70
TVShinkoku Ma¢i944) 2009 | Micronesia | Monitor 0| HFO 70
TVFujisan Ma(i944) 20® | Micronesia | Monitor 0 | HFO 130
MVRIio de Janeiro M&t944) | 2009 | Micronesia | Monitor 0 | Diesel 145
TVNippo Mar{1944) 2009 | Micronesia | Monitor 0 | Diesel 70
MVKiyosumi Mafli944) 2009 | Micronesia | Monitor 0 | Diesel 100
MVHanakawa Maf1044) 2009 | Micronsia Monitor 0 | Diesel 100
MVSan Francisco Mét944) 2009 | Micronesia | Monitor 0 | Diesel 210
PSQueen of the Nof2006) 2010 | Canada Monitor 0 | Diesell.ube 1,400
MVAsian Fore§2009) 2010 | India Removal ? | HFO 105
U-864(1945) 2011 | Norway Removal 0 | Merary 240
TVKyung Shif1988) 2011 | S. Korea Removal ? | HFO 320

InternationaRiskAssessment Efforts

There are a number of risk assessment projects on potentially polluting wrecks underway outside the U.S.,
as summarized in Table3l Like the current NOA risk assessment project, international efforts have
generally involved the development of a database of wrecks with varying types of data on each wreck as
the basis of the initial assessment. The types of wrecks and associated data that have bekmitihgdude
databases have differed based on the needs and focus of the authorities involved. For example, in the
U. K., the Maritime Coast gual8wkckeandtopsirtiosas A )
included significant information on munitions rattthan strictly focusing on oil pollution risk potential.
The Norwegian Coastal Administration (Kystverket) database includes vessels of 100 gross tons and
larger, incorporating a much larger set of vessels than included in the current NOAA assesshieht. RU
contains wrecks that are pds291 with steel, iron, or concrete hulls that are either tank vessels (tankers
or tank barges) or are at least 200 ferglor 1,000 gross tons in size.

dat a

A comparison of the different international risk assessment mdtwes and projects with the current
(2012) NOAA RULET effort described in this report is shown in Table Ihternational nethodologies
are further discussed in Appendix B.
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Tablel-3. Synopsis dfternationalreck risk assessment projects.

Project N'am Authorities Involved General Approach
or Location
Swedish Maritime Administration 1 Analysis of legal situation of wrecks
National Environmental Research Insti 3 ir?jli/;itsug?‘/:;ojfgltgg;gf loterm leakage
Denmark
Scandinavia E:halmers)Univ. of Technology T Wreck datapase i o
(Sweden Alliance for Global Sustainability i Archaeolog|c§\I/e'ng|'neer|ng library researgh on
Denmark’) Swedish Coast Guard 1 Rsk model W|.th fipeint classes of probabilities @
Swedih Navy Ieakage.and five ranks_ of consequences (humg
. economic, and ecological)
Swedisbefens®esearch Agency 1 Oil trajectory modeling
Swedish National Heritage Board 1 International cooperation on assessments
1 Wreck database (194 known wiectks)
European Commission Mediterranean
DEEPP ICRAM 91 Archaeological/engineeitingry research on wrec
Mediterranean | CEDRE 1 Sea bottom exploration
(France, Italy) | Italian Navy (Maridrografico) 1 ROV investigation of selected wrecks
French Navy (SHOM) 1 Risk matrix with hazards bypeil ty
1 International cooperation on assessments
Transport Transport Canada 1 Charting of 1,000s of wrecks off eastera €m0
Canada Canadian Coast Guard 1 Aerial surveillance for mystery spills
(EasterrCanadg| Provincial Authorities 1 Establishment of cagaimcy plarfer spills, remova
1 Wreck database of ships sunk after 1914rover
and over 100 tonnes (over 2,300 entries)
Kystverket Norwegian Coastal Administration 1 ROV survey on all wrecks classified as high ris
Norway (Kystverket) wreckgontaimg 10800 tonnes oil)
1 Risk assessntdoy position, wreck type, fuel
1 Study on pollutants other than oil
E?;g:;g;?gggg;_t lon Prevention i Extensive mapping and identification of wrecks
. o . (particularly aildWar I Hrelated)
SPREP International Maritime Organizafion (| Co hensive datab 3000 K
(South Pacific | Canadgouth Pacific Ocean Dewveént T omprenensive data ase (3, wrecks)
Secretariat of the Pacific Regional 1 Risk an_aly5|s (4% s_ele_cted for_ further study)
Environment Programme (SPREP) 9 International quaration identifying wrecks
1 Wreck database (25,000 records)
U.KMCA Maritime Coastguard Agency 1 Archaeological/engineering library research on
(United Kingdon| Ministry dbefense 1 Risk analysis of munitions, spills
1 Risk matrix of pollusafety sverity and likelihood
National Maritim . - .
Research National Maritime Research Institute | ¢ peyelopment of environmental risk assessmen
Institute $okyo University of Marine Science an 9 Development of technologies to mitigate odebs
(Japan) echnology
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Tablel-4. Comparisanf wreckiskassessment approaches

: Engineering anq¢  Risk .
Project Database Traject_ory Archaeological| Model or] Mapping Olsr AU RIIS
Modeling . Hazards | Assessment
Assessment Matrix
Extensive data ( Trajectory, Limited datg
X Yes, for 87
NOAA2012 | vessels, pential | fate, and Comprehensivd ~ Yes Yes on fiorit
RULET impacts to effects P munitions, P y
. . . wrecks
resources at rish  modeling chemicals
Extensive data d Some Limited dat§ One wreck;
Scandinavia trajectory Limited Yes Yes on other others in
vessels )
modeling pollutants process
DEEPP chatlon, type, None Limited | Yes Yes MARI.DOL None
size, owner, age (some surveys] chemicals
Transport chatlon, type, None No None Yes None None
Canada size, owner, age
Kystverket Extensive data ¢ None Limited None Yes Chemicals| Planned
vessels
SPREP L_ocatlon, type, None No None Yes None None
size, owner, age
U.KMCA Extensive data ¢ None Limited Yes Yes Mumtl_ons Planned
vessels Chemicals
Trajectory
NMRI, No database and fqte No Yes No No None
Japan modeling
planned

This NOAA RULET project differs significantly from the other wreck risk assessment projects with

respect to the comprehensive approach taken. This project is the only one with comprehensive full risk
assessment and prioritizatioanducted on a significant number of wrecks. The only other known project
that included a full risk assessment is the Scandinavian project for which one risk assessment has been
completed and others are in progress. This project is the only one to etapdmf-the-art trajectory,

fate, and effects modeling for each wreck of concern to determine risks to ecological aretenoimic
resources. The archaeological and engineering assessment conducted on the wrecks to determine
condition and potential forpdlage has also been more comprehensive than the more limited assessments
conducted in other efforts.
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SECTION 2: PRIORITIZING POTENTIALLY POLLUTING WRECKS
IN U.S. WATERS

Initial Wreck Screening Process

N O A AResources and Undersea Threats (RUST) databelsides approximately 20,000 shipwrecks in
U.S.waters Most are thought to have lost theairgodong ago, or contain minor amounts of. ol
However,it is known from recent experience that somreckscan contairhundreds or thousands of
barrelsof oil as illustrated in Tables1and 2. The sheer number of wrecks made it impossibtain

the scope and resources of the prdjeceview and evaluate each vespebmptingNOAA to usea

tiered screening approachhe initial screening was conductegised on readily available information
from a range of maritime resourdesidentify vesselsvith the greatest potential to be oil pollution
threatslInitial screening factors focused on the vessels themselves, based on théagsskisation,
constrution material, propulsion, typand sizeAfter this initial screening, aeparate database, called
the Remediation of Underwater Legacy Environmental Threats (RULET), was generated consisting of
573 vesselsEach of the factorgsed to get to the initigicreening result of 573 vess&glescribed

below.

Initial Screening Factors

Vessel Age Shipwrecks have occurred thS. waters since the first sailors explored these wéitezs

centuries agoVessel technology and construction has evolved overtimd,aa s hi p6s age i s
indication of both its propulsion (fuel) type and construction. The first oil tank stéfaderlandwas

launched in 1873. The first dired ships were built in the early 1890s and slowly became the standard

for oceangoing vessls (The New York Times1891; Henry, 1907). Increased speed and efficiency of
oil-powered shipted the designers of naval vessels to switch from coal to oil and, by World War |, most
newly builtnaval vessels were oil fired (Dahl, 2001). However, thesaild were not always known with
confidence (ships may have been repowered, for example). As an initial screen, NOAA excluded vessels
built prior to 1891 from the database.

Vessel locationThe RUST database includes some wrecks that weriatasgtshare, or along the EEZ

of neighboring countries. Some wreck locations are not known with certainty. As an initial screen, NOAA
included only those wreckgithin theU.S. EEZ including thelU.S. portions of the Gredtakes.

Although this large boundary sigiéntly increased the scope of the study and the uncertainty associated
with some of the shipwrecks lost in very deep water, it was determined that this boundary would allow
more environmental modeb to beconductedand would enable thd.S. Coast Guartb plan for

potential spills anywhere within thé.S. EEZ

Vessel ConstructiarMany older wrecks were built of wood. The first iron shipgheU.S.were built in

the early to miel850s, but wooden construction was commntil the early 28 century.Steel became
common in the 20century butwhen steel became scarce during the First and Second World Wars, some
merchant vessels were built of concrete. Modernndeschant vessels are almost all built of steel, but

small craft are commonly constructefdwood,fiberglass, anbr aluminum. As an initial screen, only

vessels builof durable materials (e.g., steel, iron, and concrete) were considered.
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Propulsion TypeUntil the mid1800s, almost all oceagping ships were sailing vessels and required no
fuel oil. Sail power continued into the early™2€entury. Steam ships became commud to late 18
century but coal was the preferred source of fuel until early in tffec@fitury.A few merchant vessels
began using fuel oil téire their boilers inthe 189@, but coafired merchant vessels were common until
World War Il. Modern vessels use various grades of fuel oil for propul&san initial scree, all

sailing vessels and cefifed vessels were excluded from the databBs¢ermining whether gessel was
converted from codired to oil-fired was often difficult.

Vessel TypeVessel type is a consideration in pollution type, as some vessels are designed to carry large
amounts of oil as cargo or fuélntil the 1888, merchant ships were gereparpose vessel Cargo was
carried in genergburpose holds or on dedBulk liquids were carried in barrel§he first tank vessels

appeard in the 1880sFrom an oitpollution perspective, oil tankers and tank barges (collectively tank
vessels) pose ¢ghlargest threat. Because of their overall size and strategic importahoafdSfrequently
targeted tankerddodern tankers are huge compared with tankers common during World War | and Il, but
tankers of that era still may have carrieds of thousandsf barrelsof oil ascargo. However, tdn

vessels often sailed with seater ballastthustheymay not have been laden with oil when they sank. As

an initial screen, all tank vessels were included in the database.

Vessel SizeNontank vessels also caed oil as fuel. Modern freighters, container ships, and cruise ships
have grown in size over the past 50 years,udimg-large crude carriensmay carryup to 2,000,000bbl of

fuel oil. Most of the merchant vessels in the database are from World Wardbdisd,and are

considerably smallefhe average bunker (fuel) capacity oVarld War Il Liberty ship was about

12,054 bbl Small coastal vessels, harbor craft, towing vesaat$fishing vessels also carried fuel oil in
smaller quantitiesThese typs of vessks vary in their fuel capacitythe largest of these (higindurance
fishing vessels and ocegoing tugs) may contaiten thousand barretsf fuel when fully laden, but

usually these vessels carry much less (WDOE, 12&lan initial screen, bhontank vessels less than

200 feet in length or less thard@0 gross tons were excluded from the database.

Based on theeinitial screening criterigh 73 wreckslocated withinU.S. waters were identified that could
pose a substantial pollution thre@hose vessels were subject to secondary screenirggdalitébnal
research to further narrow the priority list.

Initial Screening Factors: Data Sources

The sources used to identify key vessel characteristics are numerous and often incomplete, requiring a
synthesis of many different records and rep&tsne of the major sources used to create the RULET
database and to populate data fields are described below.

LIl oyddés Register of iBashippingragisternhdt cdntainseiaggastic Shi ppi ng
information about many of the merchant vessels that are surveyed and classed byThieyaf®rmation

contained in these registers is often very detailed and provides the background information about a ship
that is necessary to determine its length,, sipel its method of propulsioBome of the fields included in

the register are name, official number, gross tonnage, net tonnage, date of build, builder, owner,

homeport, length, breadth, depth, port of registry, engine type, bgikes,tgnd location aghachinery.
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TheRecord of American and Foreign Shippisgregister publishetly the American Bureau of
ShippinglABS)and often referred to as the AAmMmerican LI o)
informationasthé | oy d 0 s, bRfergessel$ irspected and classed\BS. There is a large

distinction between these registers for more recent,shigading many of the World War Il era vessels

in the RULET databas&or these vessels, thecord of American and Foreign Shippigo listsbunker

capacities, dimensions of the largest hofd] the number of tanks onboard.

The Annual List of Merchant Vessels of the United Statiggnally published by th&).S. Bureau of
Navigation and currentlgublished bytheU.S. Coast Guards a lig of merchant vessels sailing under

the American FlagAlthough this publication is not as detailed as the register books, it does provide
information about American vessels that is sometimes not included in the other registe s

v e s s e | 6nemberfaridicrew sadhe list also has some of the same fields as the register books
including the name of vessel, gross tonnage, net tonnage, length, breadth, depth, location of build, and
homeport.

Unfortunately, while these registers and record b@o&snvaluable for populating data fields in a

database and determining which ships met the initial screening criterigethesally lack key

information about the pollution potential of a shHior example, withthe exception of thRecord of

Americanand Foreign Shippingnone of the other registers or listsludesbunker capacities of vessels.

This means that vessels inspect/AABSdomottavecbhunkes sed by
capacities listedSimilarly, even though thRecord of Amecan and Foreign Shippiniists bunker

capacities, it does not provide any insight into what type of cargo a ship was carrying at the time of its
loss.To determine this type of information, additional archival researchneesssary

Secondary Wreck Screening Process

Archival and Historic Research

After the initial screeningRULET containedb73shipwreckghat required additional research to

determine their threat potentiadsed on physical integritfhe additional screening relied heavily on
archival esearch and original documetdgatheradditionaldetails on the potential cargo and fuel
onboardVessel casualty information and the structural reduction and demolition of those that were
navigational hazardsere areas of specific research faclisearchival research includédentification

of risk factors that both increased or mitigated the potential for pollution. For example, a tank vessel
would be considered a higher risk because of the potential volume on board, but not all tankers were
laden wken sunkThe nature of the casualty could substantially reduce the potential for oil remaining on
board the more violent the sinking event, the lower the risk of remaining oil. A vessel that was struck by
multiple torpedeswould be less likely to contaiil than onehat sank due to foul weather.

Based on dditionalonline researciNOAA was able to reduce the RULET database to 288 vessels as of
September 2010, based on removing duplicate records for the same vessel and new information on vessel
construction, size, and propulsioArchival research was conducted these wreck® obtainadditional
information that could be used to populate data fields and provide information about how much oil a
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vessel carried or was capable of carrying at the timis ¢dgs Eventually, secondary screening reduced
the database to 107 vessels.

Many primary source documents are located)he Archives | building in Washingn, DC for reports

of theU.S. Coast Guarand?2) the National Archives Il building located College Park, MOor U.S.
Navy reports about thoat actions along the East Coddtional Archives | research focused on archive
boxes from Record Group 26, Records oflth8. Coast Guardor information pertaining to vessels
remainingin the databas

Theboxed series within this record grotatprovided information for this studpcluded: World War 1l

Reports Concerning Merchant Vessels sinking, 3380 2; War Casualty Section S
1941:1945; and War Casualty Section Casuakp&ts 1941-1946.These vessel casualty reports

provided information regarding cargo carried, departure port and destination, location of torpedo impact,
locations of fires, whether oil was released, and time it took the vessel tdIsimkaformationprovided

a more accurate account of the sinking of the vessdtaped in hypothesizing the extent of the damage

to the vessel at the time of the sinkifigis information thusnable a general assessment of what

condition a wreck may be in if itad notbeen surveyed or discovered.

Research in Archives Il focused on Record Group 32 (Records bf $1&hipping Boarjt Record

Group 38 (Records of the Office of the Chief of Naval Operations,-2806); Record Group 41

(Records of the Bureau of Marinesfrection and Navigation); Record Group 178 (Records dfitBe
Maritime Commission); and Record Group 428 (General Records of the Department of the Navy, 1947
[to present]. Although each of these Record Groups contained bits of information that cdoldusked

in the database, the most valuable information was located in Record Gr&gx&8.in Record Group
38included Tenth Fleet Convoy & Routing Casualty Files; the Office of Naval Intelligence Security
Classified Administrative Correspondent8421946(declassification #NND813017and the Records
Relating to Naval Activity During World War I, World War Il War Diarieéhese record series provitie

the most information about vessel sinking events andelared losses. The sinking reports contaiime
these seriewerei nval uabl e for making inferences about the
likelihood that the vessel sank intact aedild still retain a liquid cargo.

Record Group 178 held a series entitled Central Correspondeas®6#2 Individual Ship, Files 1936

1950 that contained charter information about sfiijpese charter records exist for many of the vessels in
the database and provitimformation about the bunker capacity of the vessel, the bulk cargo capacity,
and eve a description of the last two successigegosthe vessel carriedVhile this information does
notindicateexactly how much fuel a vessel was carrying at the time of its loss, itrdtestehow much

fuel that vessel could have carri@tien fully lacen From Record Group 428, boxes in the series Office

of Information Shp Files 19461958 proved helpful for obtaining newspaper articles written about
torpedoed ships that provided additional descriptions and accounts of the loss of a vessel that were no
recordedm the official sinking reports.

In addition to research conducted at the National Archives, hiatariicles fromnewspapers were
examinedThese newspapers often provddeformation thatvasnot included in official sinking reports
becaus they are tailored towards the general populace and are not intended to understand the movements
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of enemy combatants or determine the nature of a marine casl8tZoast Guard MarinBoard of
Investigation Reportand National Transportation Safetydd Marine Accident Reports also provided
additional information about many wrecks that were not lost during World War Il and were not part of the
National Archive collections that were examined during this study.

From these sources and many additiorabsdary sources, information was obtained about the vessels
lost within U.S.waters that were using oil for fuel or were transportii@gs cargo. This information,
however, did not enable the reduction of the number of wrecks within the datediasé not provide

any information about the current condition of a vegaattunately extensivearchaeological fiehdiork

and shipwreck surveys haleenconductedhat permitted the number of wrecks in the RULET database
to be drastically reducelfisual a remote sensing confirmation of the condition of a shipwreck by
researchers in the fiekhabedthe removal of wrecks thatitially appeagdto be high priority from

initial researchEach element of the historical assessment was given a data queihgias to the

veracity of the information.

Shipwreck Site Formation

One of the methods utilized to reduce the number of shipwrecks in the RULET database involved
examining individual shipwrecki terms ofsite formationprocesseswhich is a study of ho

shipwrecks have been affected by environmental and cultural factors. This study involves interpreting
some of the factorthatreducethe structuralintegrity of a shipwreck and, therefore, its ability to retain

oil. Siteformationprocesses areommonlydefined as bw a ship transitions frora ship into a shipwreck

site, or the reasons why a shipwreck on the ocean bottom often bears little resemblance to the vessel that
plied the ocearQOriginally proposed by archaeologist Keith Muckelroy, and buildmgnodels of site
formation proposed by Michael Schiffer and others, these processes assess how cultural (thatis, human
influenced or caused) and natural factors influenced the transition from the original entity (in this case,
the floating ship, its cargerew and/or passengers, afloat and at the time of its sinking) and the shipwreck
site as acountered in the current day.

In an archaeological context, these processes, whether they are cultural or natural as defined by

Muckelroy (1978) are generally dided into two overarching concepts known as extracting filters and
scrambling filters. Extracting filters are influenced by the buoyancy of artifacts and structural elements,

by salvage of parts of a wreck or its cargo, fisking impacts by fishing geascouring and erosion,

ongoing corrosionand environmental variables influencing the preservation of certain types of materials

and the lack of preservation of otheidl of these are filters that entirely remove elements of the ship
fromawrecksiteBecause most oils are |ighter than water,
through tank openings. Scrambling filters, commonly storm swageecurrens, or demolition of a

wreck, areghosewhich leave the elements of the ship on the site lawtiove them from their initial

position or context (Muckelrgy1978)

The theoretical and practical evolution of how archaeologists assess and define site formation processes
has now evolved to not only assess the physical processes but also the thawemsi@herent in the

cultural processeisquestions such as contemporary assessment of what was or was not of value
(cargoes), the recovery of human remaams]the nature of different forms and processes behind cultural
removal of material from shipwcks, including the different contexts of-site andofls i t e 6sal vage.
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Although it would take a detailed study of each wreck site to determine the exact filters that have
extracted or scrambled elements of a wréggyre2-1), some generalizations che made about

relatively modern shipwrecks 10.S. waters. These generalizations help to explain why so few of the

ships that once carried or burned petroleum products may still contain those products after they wrecked.
Appendix Aliststhe vessels remed from RULET in part due tete formationprocesses.

Figure 21: Shipwrecgiteformatioprocesses help explain why vebkelthdixie Arrowhich initially carried
approximately 86, b&fof crude gibut was demolished during World M/dorger remain intact and are
no longer potentially polluting shipwrecks (Phot@a¢dAd\)re2for another example.

On theU.S.East Coast and in the Gulf of Mexico, the vast majority of potentially polluting shipwrecks
were sunk by German-boat during the first several months of 19#ure2-2). By examining historic
records and the current condition of many shipwrecks Iddt$awaters, it is evident that mogtorld

War Il shipwrecks were lost in shallow coastal waters. This is to be &thaswartime shipping routes
requiredmerchant marine and other vesdelsravelclose to the coasiMost of these ships were

subsequently demolished as hazards to navigation or picked up as unidentified sonar contacts and depth
charged. Similarly, manof these ships sank with their masts or stacks protruding from the surface of the
water and were used as training targets for aircraft from the various Naval Air Stations. When combined
with the initial torpedo damage already inflicted upon these daipks were ruptured, decks were

collapsed, and structurdeenents were reduced to rubble.

This postsinking demolition was not limited to &vid War Il wrecks. For example, thénion Faithand
Clevecocase histories described in Section | also involvexdesstructural modifications after sinking to
reduce their potential as navigation hazards.
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Figure 2: Number of vessels lost by year, highlighting vessels in RULET lastalies! toawses in 1942.

On the other hand, the majority of potentigdiylluting shipwrecks on thd.S.West Coasand Alaska

were | ost due to grounding, a violent event typic
waves and surf forcing the vessel parallel to shore, and the vessel being pounded to pieeesietw

waves and rocky coastline. Furthermore, many of wrecks paetially salvaged andr evendynamited

to remove them as navigational hazards or environmental eyeSticets were focused on removal of a

physical hazard, not potential pollutant@viever, in some cases, vessels retained enough integrity to

retain trapped oil (e.g., the beached wreCktalaand Palo Altoremediated in 2007 and 2006

respectively, and mentioned above).

By taking the violent losses of East Coast, Gulf Caasl WesCoast shipwrecks into account and
examining their current condition, it becomes clear that many of them do not retain enough structural
integrity to contain a liquid cargar bunkers The majority of wrecks that have been reported leaking or
reported to cotain trapped oil have come to rest either on one side or in an inverted position. Both are
orientations that may have prevented the wrecks from legisidyidentified as hazards to navigation or

as unidentified sonar contacts and demolished. Theseatiterst also offer less resistance to ocean
currents and better protect a hull from theces of waves and currents that are commonly associated with
a shipwreck resting on its keslich as hogging, saggirand splayinglt is important to recognize,
however, that these are not all encompassing rules but merely generalizations that help explain the
generallylow number of shipwrecks identified having the potential tpose a substantial threat to the
environment.

Vessels in the database range from tt?029 feet in length and 3614 years in age in 2012 (see Figure
2-3). Although the RULET screening criteria considered vessels of a range of hull materials including
concrete, ironpand steel, all of the remaining high and medium risk vessels are aedtaf steel. The
majority of the wrecks, 54 (62%), are of riveted construction, 21 (24%) were walttkd2 (13%) are of
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unknown constructiorConstruction type is reflective of when many of these vessels were built and often
doesnot characterize chaeg in a vessel as it was converted from coal to oil or from cargo to a troop
carrier, etc. The vessels remaining in RULET are mostly tankers (43 vessels, 49%) and freighters (37
vessels, 42%).

Current Age (yrs) of Shipwreck
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Figure 23: Age of the 87 priority shipwrecks (in yea28B2)an the RULET database, depicting the advanced
age of many of the vessels.

Corrosion and Age

There are generally two types of corrosion that impact shipwrecks: chemical and miGiodiabll of a
wreck may appear intact, but may be sufferingisigant lossof structural integrity. Impacts from

corrosion are generally difficult to assess visually, with the exception of manifestations such as rusticles
like those seen in the iconic shots of the bow ofTiitenic. Samplingof the hull material isypically
requiredto gain an understanding of the physical integrity of a ve#dsile testing of hull coupofiss
possible, results are generally relative in that the thickness of a particular hull plate at the time of a
casualty is unknownWVhile it may be possible to find records on the build specifications for a particular
vessel, there were often variations in the quality of materials and in what may have been actyally used
especially during times of wa¥esses that were in service for an extendgeriod of time prior to

casualty may have been significantly retrofitted from coal tordilaan one purpose to another. Records
on changes to hull plate thickness from this type of work are limdteérigure 24 illustrates, 42 of the

87 vessels for Wich risk assessments were prepared are 90 years of age or. @entzally, older

vessels will have thicker plating than new ones due to cBamgéeelmanufacturing and rolling

technology.

2 Coupons are metal samples used for corroeioother types of metallurgical analysis.
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Understanding how corrosion processes affect the struattegtity of vessels is important for two

reasonslf we understand how the corrosive processes work on shipwrecks of differing ages,atepths
environmental conditions, we may be able to develop approximate timelines for the eventual fate of a
vessel Second, the application of that information is important in understanding when a loss of structural
integrity might occurfor tanks or cargo holds containing fuel oils or other hazardous cargo materials. This
type of information is useful for response persel andagenciesn understanding when direct

intervention and removal of oil may be wanted.

A variety of issues can affect the rates of corrosion on potentially polluting wiregiarine waters

Marine bacteria, bottom sediment types, storms anmémis; and the sea itself all have a part in the slow
degradation and conversions of metals to rust or metal oxides. Many vessels may have been structurally
undermined due to explosions, fire, collisions causing stress, and the resultant tension osmmpres
changes in the steel. Once submerged, these vessels have been continuously exposed to the corrosive
effects of seawater (dreshwater for those in the Great Lakes). If sunk in an area where strong currents
pass by the site, these currents can daiglyer oxygen levels and speed the steel corrosion process.
Impacts from storms and the bottom sediments in which a dagselso play their part in the site

formation process, causing additional structural stresses and eventual failure of criticai@atsmpvithin

the vessels. There are also cathodic issues whersyngoathetic metals create an electridadmical

effect that corrodes metal, much like the way a battery works. Iron oxide (rust) begins to occupy more
physical volume than the iron or stétself, distorting the metal anchusing failure of metal components

and fasteners. Leakage of oil and other chemicals from shipwrecks often occurs in the valves, piping, and
other mechanical connectignghere use of dissimilar metals is comm@norroson is also strongly

affected by the impact of cargo debris or nearby ore loading facilities such as copper containing minerals
on wharf structures in Lake Michigan. Spillagecargos from one shipwreck to another site is rare but

has a very real impadtong-term corrosion studies have shown the effects of proximity corrosion or a
long-range form of galvanic corrosion coupled through the marine biota.

Based orcomparison®f corrosion and environmental data from shallow and deep water sites, the Weins
Number concept iproposedy a Department of Interided team as a means to predict lelegm

corrosion of irorbased alloys in sea watd@ihe concept is a product of the corrosion stud@xgluctechs

a component of the National Park Service Submerged Bes ¢ e s C eArizomaPréssrvatib8 S

project The methodologygalledConcretion Equivalent Corrosion Rate (CECRYplves the physical

and chemical analysis of overlying concretion (hardened marine biofouling) and conversion of the data to
corrosionrate of substrate metdrhis technique has been used on the B8%na the Japanese Midget
Submarine thought to He20A theSulmarineExplorerand another Japese Midget Submarinel6A

as well as the recent assessment oBStBBontebello(seecoupas taken from the hull of tHeS

Montebelloin Figure2-4). Plotted as a function of reciprocal absolute temperature, Weins Numbers
generate a linear plot from which the corrosion rates are calculated when temperature, oxygen
concentration and concretidmdkness are know he utility of this approach is that a metal coupon is

not required, only a sample of the concretion, which can be used tmighet&orrosion rate since loss.
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Researchers from the Western Australian Museum are loakimgyv pH impacts corrosion rates in coral
and coralline geas in the South Pacific. Theyeaalso notedhatlosses in concretion from physical
impacts such adocalized dynamite fishingan significantly increase corrosion rates and that wrecks
with significant coral accretions seem to have increased localized turbulence and corrosiStuGiess.
in theopen ocean anat Chuk Lagoon suggest that corrosion rates fall logarithmicatly water deths.

There are welaccepted methodologies for understanding corrosion in pipelines, wellheads, and marine
infrastructure such as bridges and port structures. The understanding of how corrosion will impact
degradation of potentially pollutingrecks is still very much under development. It will be some time
before corosion rates can be definitifer risk assessments without detailadtallurgical analysisf

each individual shipwreck.

Interpreting Sinking Records

Casualtyriformation

In somecases, vessels sank in very deep water or unknown locations and have not been distovered.
these instances, it is only possible to approximate what conditithwreds may be in through a

subjective analysis of survivor reports and casualty narraideggending on the date, the nature of loss,
and the number of survivors, historic casualty narratives contain differing amounts of inforfaisas.

also the case for many World War Il era shipwrecks in the RULET datéase. ships sank very

quickly and had few survivorso the casualty reports are short and seemingly incomplete, whereas other
vessels had multiple survivor accounts recordadwith any type of eyewitness account, survivor

accounts are very subjective and may vary widely for the sasitent.However, they are a valuable

source of information.

Because oipollution was not a major consideration when many of these ships sank, whether cargo or
bunker oil was lost at the time of the casualty can generally only be inferred from niaayr@borts.
This is often the case when survivor reports attteat a torpedo hit a tankierat least one of the cargo
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tanks or that a freighter or tanker was hit in @re@a ofbunkertanks Although many reports do not
discuss the loss of cargo frdtrese impacts, it can be inferred based on the torpedo impact location and
the devastating amount of damage a torpedo would inflict.

There are sinking reports, newspaper articles lh8d Coast Guarlflarine Investigation Reports that do
document the rehkse of oil from ships as they sgske example ikigure2-5). Multiple World War 1l

survivor reports reveal how survivors could not escape a ship because of burning oil surrounding the ship,
or how the survivors had to swim for hundreds of feet towaydrom the oil escaping a doomed

merchant vessel. One report by a survivor from a tanker lost in the Gulf of Mexico reported crude oil
floating free from the tanker in a layer four inches thick three days after the vessel sank (Office of Naval
Intelligence, 1942; Browning, 1996Recause uncontained oil slicks would not be four inches thick, it is
assumed that this slick was contained within a debris field.

In other instances, airplanes patrolling the coastline during World War Il also documented tifeolbs

from sinking ships. These observations were reported to the Eastern Sea Frontier and were recorded in the
Eastern Sea Frontier War Diaries and synthesized in the 1977 Massachusetts Institute of Technology
study entitledmpact of Oil Spillage fronWorld War 1l Tanker SinkingéEastern Sea Frontier, 1942;

Campbell et al., 1977Although these sinking reports are valuable for determining if there were

petroleum products lost during the sinking event, they do not reveal the amount that was st or ho

much has escaped in the years since the vesselMaotkbs taken by observers that are part of the official
records can often document the presence of oil sheens or slicks as well, but again they can only provide
limited information.
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UNITED STATES COAST GUARD
REPORT ON U. S. MERCHANT TANKER WAR ACTION CASUALTY

To: Commandant, U. 8. Coast Guard, Washington, D. C.

Ships/S R-W. GRLLAGHER Service .. COAST WISE  TENKER, ...
Ovwner S7Ax 2828 i Co _arF AWl Operstor SrRspnrp. Qu Co or M-
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T Griose 7292879
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D. W.T. (Emergency Cosstwise L. L).|. A3 Qd o TERPURIP A G, SENSTY PR ) & -
Cargo 42's capacity and carried Capacity .&F.3. 96& __BBLS. . Carried I OO0 _BR&S. .. .
Kind of hegoortank balaat. . |- Soswem "C " FEVL Ot U i B e e AT
Was ship gas-free? (Specify)..|. # Q. LOALEL. . ¥
Yoyage | FromlzALvESTON, TELAS To VAT LEVERGLROES, FiaRIDA..

Were routing orders followed YEs S AT S S v e

-k
= C } mw N ot e W e

Ay ibspmobonia o o e

12 | Weather at time of attack.___.__| Weather . CLERAR
13 | Was enemy sighted? When _Ne n o A s R - St e A

14 | Any friendly ships in sight No BN SN SR s £ SN S Sy e LT

15 | Were navigation lights on B, ¢ O R 5 e i WIS, S B G . e oo IR MBS
.16 | Date and time of attack Date . 2—A3=82 Mime 5. YO .| . S tntel 35
17 | Position Latitude . 282 32°AH . Totigitods o T 0 S I R

18 | Nature of attack (Givedata) .| ZALPELOED .

19 | Numberofhiterccice | 2 R R R e U TN
2 | Location of hits (Mark disgram) | (~RET (% PRR. BoD.); 1-FoR'0. (/s PAR 800D . . . . .. ..
21 | Effect of hits SBNK _S#IP .. (VESSEL CRAPIIZED AAD SUNK). ...
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—
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Fill in this diagram to show
attack hits, fires, explosions, ete.
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Figure &: Exarple otJ.S. Coast Guaithr Action Casualty Repaattémker torpedoed during World War |II.
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Wreck Condition andsage

Although sinking reports help provide a better understanding of the potential
condition of a shipwreck that has not been locatastetls no substitute for

visual assessments of shipwrecks or salvage reports of oil removal to
definitively determine that a shipwreck no longer containgroittunately,
advances in technology, archaeological surveys, and recreational divers with
high-definition video cameras have made it far easier to examine the condition
of shipwrecks on the seafloort@rmsof structuralintegrity or ability to retain
fuelin cargosor bunkersThese technologies and sources of data have
allowedNOAA archaeologistsotrule out hundreds of shipwrecks that once
burned oil or carried it as cargo as mui&l sources of oil pollution.

By examining the current condition of shipwrecks, it is evident that most
World War IFera shipwrecks that are commonly visited by divesse

demolished as hazards to navigation or picked up as unidentified sonar
contacts and depth charged or aerial bombed into veritable rubble fields. Other
intact shipwrecks likdlontebellooff California ande.M. Clarkoff North
Carolina(Figure2-6) seento have simply released their cdrgosthrough

vents, cargo loading hatches, andmgpoverthe past 70 years of resting on

the seafloarwith no reports of sheening or oiling in the vicinity

Unfortunately, without irvater assessment and survey afteaf these
shipwrecks, they would appear to have the potential to be fully lzaked on
acoustioor visualsurveys alone.Additionally, salvage reports of oil removal
from shipwrecks or of the entire removal of a wreck from the seafloor enables
that vesel to be removed from a potentially polluting shipwreck database.
Becausehere are still shipwrecks that appear in various databases that were
refloated and salvaged after they sank, these reports are invaluable for
ensuring that any shipwreck addedhie RULET database is still present on

the seafloor. Likewise, reports of oil removal operations like that recently
conducted on the passengezameiPrincess Kathleeand theliberty ship

William Beaumonénsure that these wrecks can safely be removettfre
database.

=
-
=3

=
=
-
=

=

Vessel Risk Factors

To develop scoring for the physical potential of a vessel to retain either
bunkers or cargo based on the historical data, a vessel risk factor analysis was
developed with guidance from the UGast Guard Salvage Enggring

Response Team (SERTIhis analysis allowed for comparison of all vessels
including those in unknown locations and provided a quantitative means via a

sal vage engi neaddre8ss per sp

Figure 2. Photomosaic of seemingly intact EaNk€kark sunk historical information (see FigureT.

by a Germantidat in 1942 off the coast of North Cat . o
(Photomosaic generated by Joe Hoyt, Source: NO# SERTreviewedthegenerahistorical
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informationavailable for the database as a whole and providdejavise analysif®r an initial indication
of Low/Medum/Highrisk values for each vessdlhat stepwise analysis is detailed below and builds a
picture of the cumulate risk for the physical characteristics of each wreck.

Pollution Potential Tree

Was there oil
onboard?
(Excel)

Yes or ?

Was the wreck
demolished?
(Excel)

Yes

—>< Low Pollution Risk >

No or ?

Yes

Was significant cargo
lost during casualty?
(Research)

Yes Likely all cargo lost?

(Research)

No or ? No or ?

Is cargo area
damaged?
(Research)

Ye54><Medium Pollution Risk>

o o patuson sk |
> gh Pollution Risk
o

Figure2-7: U.S. Coast Guard Salvage Engineering Response Team (SERTthis®aloped Potential
Decision TreBach diamond may represent more than onerrisfiéated in thalowingext

No or ?

The analysids simple and straightforward and combination with the accompanying archeological
assessmenprovidesa picture of each wreck that is as complete as podsilsied on current knowledge
and best professnal judgmentThis assessmedbes notake into consideration operational constraints
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such as depth or unknown location, but rather attempts to provide a repicdlmbjectivescreening of
the historical datfor each vessel.

In addition, where avaible,information related to operational considerations for any assessment or
remediation activity was included bot scored This includes informatiosuch aghe depth or
orientation of the vessel on the bottom. While important for what type of apabhtissessment could
occur, depth and orientation generally do not have a direct bearing on pollutidn sskie instances,
nuances from the arabological assessment provibiadditional input that ameed the final vessel scare
Each risk factor is dracterized as High, Medium, or Low Risk or a categgpropriate equivalent such
as No, Unknown, Yes, or Yes Partially. The risk categories correlate to the decisionrpbigtse2-7.

Each of the risk factors gefledsadhe boapleteaesdiaddareliabilityoli a |l i t y
the information on which the risk ranks were assigned. The quality of the information is evaluated with
respect to the factors required for a reasonable preliminary risk assessment. The data quality modifier
scde is:
1 High Data Quality: All or most pertinent information on wreck available to allow for thorough
risk assessment and evaluation. The data quality is high and confirmed.
1 Medium Data Quality: Much information on wreck available, but some key factor dega
missing or the data quality is questionable or not verified. Some additional research needed.
1 Low Data Quality: Significant issues exist with missing data on wreck that precludes making
preliminary risk assessment, and/or the data quality is susjgptificant additional research
needed.

In the following sections, the definition bbw, Moderate, anéfligh for each risk factor is provided.

Pollution Potentidactos

Wasthere oil onboafd(Firstdiamond down in Figure 2

Risk FactoAl: Total QiVolume

The oil volume classifications correspond to th&. Coast Guard spill classificatiohs
1 Low Volume: Minor Spill <240bbl (10,000 gallons)
f  Medium Volume: Medium Spill 2407 2,400bbl (100,000 gallons)
f High Volume: Major Spill © 200barrels( @@,000 gallons)

The oil volume risk classifications refer to the volume of the Hikaly Worst Case Discharge from the
vessel and are based on the amount of oil believed or confirmed to be on theltesssk factor for
volume also incorporatesyreports or anecdotal evidence of actual leakage from the wessgorts
from divers of oil in the overheadss opposed to potential leakage. This reflects the history of the
vessel 6s | eakage.

As per USCG FOSC Guide. 10,000 gal = 238 bbl, but is
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Risk Factor A2il Type
The oil type(s) on board the wreake classified only with regard to persistence, usingJtBeCoast
Guardoil groupind. (Toxicity is dealt with in the impact risk for the Resources at Risk classifications.)
The three oil classifications are:

1 Low Risk: Group I Oils T nonpersistent oile.g.,gasoline)

1 Moderate Risk: Group Il 7 1l Oils T medium persistent oil (e.g., diesel, No. 2 fuel, light crude,

medium crude)
1 High Risk: Group IV T high persistent oil (e.g., heavy crude oil, No. 6 fuel oil, Bunker C)

Was the wreck demolishg@2cod diamond down in Figtife 2
Risk Factor B: Wreck Clearance
This risk factor addresses whether or not the vessel was historically reported to have been demolished as a
hazard to navigation or by other means such as depth charges or aerial bombs. fHot®riskbased on
historic records and does not take into account what a wreck site currently looks like. The risk categories
are defined as:
1 Low Risk: The wreck was reported to have been eptilestroyed after the casualty
1 Medium Risk: The wreck waseaported to have been partially cleared or demolished after the
casualty
9 High Risk: The wreck was not reported to have been cleared or demolished after the casualty
1 Unknown: It is not known whether or not the wreck was cleared or demolished at the time of o
after the casualty

Was significant cargo or bunker lost during casu@lhy@d diamond down in Figidye 2

Risk Factor C1: Burning of the Ship
This risk factor addresses any burning that is known to have occurred at the time of the vessel casualty
andmay have resulted in oil products being consumed or breaks in the hull or tanks that would have
increased the potential for oil to escape from the shipwreck. The risk categories are:

1 Low Risk: Burned for multiple days

1 Medium Risk: Burned for several hours

9 High Risk: No burning reported at the time of the vessel casualty

1 Unknown: It is not known whether or not the vessel burned at the time of the casualty

Risk Factor C2: Reported Oil on the Water
This risk factor addresses reports of oil on the wateredirte of the vessel casualty. The amount is
relative and based on the number of available reports of the casualty. Seldom are the reports from trained

4 Group | Oilor Nonpersistentoil s def i ned -lased dil that,meette tinwelofeshipment, consists of hydrooarb

fractions: At least 50% of which, by volume, distill at a temperature of 340°C (645°F); and at least 95% of which, by volume,
distill at a temperature of 370AC (700AF). o

Group Il- Specific gravity les than 0.85 crude [API° >35.0]

Group lIl - Specificgravity between 0.85 and lessttan95 [ API A 035. 0 and >17. 5]

GrouplV-Speci fic gravity between 0. 95 {notindutet bécauselnat iikélypeesedtond [ AP /
wrecks
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observers so this is very subjective information. The risk categories are defined as:
1 Low Risk: Large anounts of oil reported on the water by multiple sources
1 Medium Risk: Moderate to little oil reported on the water during or after the sinking event
1 High Risk: No oil reported on the water
1 Unknown: It is not known whether or not there was oil on the watéreatime of the casualty

Wasthe cargo area damag@gHourth diamond down in Figtre 2

Risk Factor D1: Nature of the Casualty
This risk factor addresses the means by which the vessel sank. The risk associated with each type of
casualty is determined/thow violent the sinking event was and the factors that would contribute to
increasenitial damage or destruction of the vessel (which would lower the risk of oil, other cargo, or
munitions remaining on board). The risk categories are:

1 Low Risk: Multipletorpedo detonations, multiple mines, severe explosion

1 Medium Risk: Singletorpedo, shellfire, single mine, rupture of hull, breaking in half, grounding

on rocky shoreline
9 High Risk: Foulweather, grounding on soft bottom, collision
9 Unknown: The cause athe loss of the vessel is not known

Risk Factor D2: Structural Breakup

This risk factor takes into account how many pieces the vessel broke into during the sinking event or
since sinking. This factor addresses how likely it is that multiple componeatship were broken apart
including tanks, valves, and pipes. Experience has shown that even vessels broken in three large sections
can still have significant pollutants on board if the sections still have some structural integrity. The risk
categories are:

Low Risk: The vessel is broken into more than three pieces

Medium Risk: The vessel is broken into twbree pieces

High Risk: The vessel is not broken and remains as one contiguous piece

Unknown: It is currently not known whether or not the vessel brglataat the time of loss or

after sinking

= =4 -8 4

Factors Thatlay Impact Potential Operations

Orientation (degrees)

This factor addresses what may be known about the current orientation of the intact pieces of the wreck
(with emphasis on those pieces where sague located) on the seaflobor example ithevessel turtled,

not only mayit haveavoideddemolition as a hazard to navigatjdmt it has highelikelihood of

retaining an oil cargo in the narented and more structurally robust bottom of the. hull

Depth
Depth information is provided where known many instances, depth will be an approximation based on
charted detins at the last known location.
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Visual or Remote Sensing Confirmation of Site Condition

This factor takes into account the physicalugafthewreck site as confirmed by remote sensing or

other means such as ROV or diver observations and assesses its capability to retain a liquid cargo. This
assesses whether or not the vessel was confirmed as entirely demolished as a hazard @o,ravigati
severely compromised by other means such as depth charges, aerial bombs, or structural collapse

Other Hazardous (Naxl) Cargo on Board
This factor addresses hazardous cargo other than oil that may be on board the vessel and could potentially
bereleased, causing impacts to ecological and semimomic resources at risk

Munitions on Board
This factor addressesunitionscargo that may be on board the vessel and could potentially be released or
detonated causing impacts to ecological smxioeconomicresources at riséis well as responders

National Historic&reservation Act, Sunken Military Craft Act and GraStsitis

All of the vessels are reviewed determine whether they are eligible for protection under the National
Historical Presevation Act(NHPA) based on their age alone. This is the initial criteria for listimghe
National Registeand was the only criteria considered for this screenindgrendeterminationf which
vessels need to be documented under Section 106 §HRA. In addition, each record was noted as to
whether they ar&nown to becivilian or military gravesitesinder the Sunken Military Craft Act

(SMCA).

VessePollution Potenti@ummary

For each vessgbhysical integrityis sunmarized in a tables¢e Tabb 2-1) to provide a initial risk factor
score that addresst® pollution potenél and any mitigating factors that could reducepbitution
potential The archaeological assessment and operational facwiscluded as well, bptrovide
gualitativeinformationfor each vessel arate notscora.

During the research on the priority wrecks, it was determinecdhthaare leaking, as shown in Figure 2
8.
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Table 21: Summary matrix for the vessel risk factorslddactblercoded as red (high rigk)low (medium
risk), and green (low risk).

Data Risk
Vessel Risk Factors Quality Comments S
core
Score
Al Oil Volume (total bbl) Med Max!mum of P00 bbl, not reported to b
leaking
A2 Oil Type High | Cargo isrude &ia Group bil type
Pollution B: Wreck Clearance High | Vessel not reported as cleared
Potential C1: Burning of the Ship High | A significant fire waported Med
Factors ;
C2: Oil on Water High Large amounts of oil wepsrted on the
water
DI Nature of Casualty High | Multifetorpedo detonations
D2 Structural Breakup High | The vessel remains in one contiguous
Archaeologica Detailed sinking reca@mnd site repox$ Not
9 Archaeological Assessmen High | this ship exist, assessment is believed
Assessment Scored
very aaarate
Wreck Orientation High | Upright
Depth High | 500ft.
Visual or Remote Sensing . .
Confirmation of Site Condit High | Location has been surveyed
Operational | Other Hazardous Materials Hiah | No Not
Factors Onboard 9 Scored
Munitions Onbdar High | No
Gravesite (Civilian/Military)| High | Yes
Historical Protection Eligibi . .
(NHPA/SMCA) High | NHPA angossibl$sMCA
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RULET Reportedly Leaking
®  Other Vessel Types (1)
® Tank Barge (1)
® Tanker (7)

US EEZ

As of: 1 July 2012

g
4.762 barrels of oil
Reported:Local Knowledge, No Date

Coimbra
64,800 barrels of lubricating Oil
Reported: 2009

Northern Pacific
7.500 barrel Bunker C fuel oil capacity

R.W. Gallagher
80.855 barrels of Bunker C fuel oil &, .
Reported:August 2010

Joseph M. Cudahy
77.444 barrels of crude oil and lubricating oils
Reported: 2009

0 50100 200 300 400 500
e e Miles

3 L\ Reported: April 2012 (Diver Phone Interview)
b b J)“" o D {
L0 e Francis E. Powell
B % i 81.000 barrels of furnace Oil 3 .
AW Reported: July 2011 (Diver Phone Interview) f E
\ > =
\ //jﬂ Lancing
s E ] 63.608 barrels of fuel oil
4 Reported: July 2011

Empire Gem
76.982 barrels of motor spirit. 920 tons of machinery
Reported: June 2011

Lubrafol
67.000 barrels of #2 heating oil
Reported: 2010

AN

b

Figure 28: Nineof thewrecks in the RULET database that repoetedkingr have oil in the overheads
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SECTION 3: CONSEQUENCE ANALYSIS AND RESULTS: GETTING TO
THE TRADEOFFS

Use of Worst Case Discharge and Most Probable Discharge

An estimate of heamount of oil that could remain on a sk criticalinputto environmental impact
models Unfortunately becaus¢hewrecks in the RULET database are mostly historic vessels for which
detailed cargo loading plans are not readily available, a combination of assumptions about oil volumes
were madeThe firstconservativeassumption that was assune every shipwreck lefin the database that
could not be screened out still contained oil.

Although history has shown thatanylegacy wrecks are more likely to be empty than contain large

guantities of oilthis studywas designetb err on the conservative sida most instaces, there are

reports of some amount osfnhking Balitislurdikelg thad any shipweeckt i me o f
will still containthe full amount of oibnboard prior to the casualty.

Combining information from historical sources previoustydd, it was possible to determine the

maximum amount of oil most RULET shipwrecks could carry or did carry at the time of their loss. Even
though detailed cargo loading plans are not available, most bf $hélavy andU.S. Coast Guard

sinking reports doument how much cargo oil a tanker waported to bearrying at the time it sank.
Although these reports do not include how much bunker oil a vessel could carry, this information was
obtained for many of the ships through information in charter conattteRecord of American and
Foreign ShippingFor the few remaining shipwrecks that bunker capacity information could not be found,
the capacity information for similar sized vessels was used.

With this information, it was possible @stimatehe maximum amount of oil that a ship could carry

when it sank. These estimates were based on the amount of fuel the vessel would be expected to have
aboard based on tmeimber of daysinderwg andthetype of casualtyCasualty reports associated with
World War | andll generally have notations as to the numbdoiggedo strikedfire, explosions, or some
initial loss of cargoAll of this information was used tes#mate the volumes used foit spill modeling.

In addition, theoil spill modeling was done withseries of release volumes that allovdedelopment of
regressiommodels Thesemodelsprovide the ability to assess risks for smaller volueleass for each
vessekhould the estimated worst case volumemberrect and for vessels close geographic

proximity carrying similar cargo or bunkers.

Based on discussion withe U.S. Coast Guard about what produate themost appropriate for

contingency planningoth Worst Case Discharge, or a total loss of contents, and Most Probable
Discharge, or a 2@ lossof the Worst Case Discharge voluntiee equivalent to the loss of an individual
tank or smaller chronic losses from multiple tanksre selected for detailed consequence analysis

date, there are no documented cases of the complete loss oftedram a historic vessai a single
catastrophic evenBased on discussions with naval archites#dvage engineerand responders, oil is
moretypically lost through a series of smaller spills over tifikisgenerally equates to about 24 00ss

from either one tank at a time or smaller chronic losses from severaltimksver,while a catastrophic
discharge of the entire vessel contents is unlikely, it provides an important conservative benchmark for
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planning purpose#s with planning for othetypes of spill responses, the Most Probdbikcharge is
expected to be the most likely initial loss from a vessel. Although once a vessel starts to leak due to
structural decline, it is unlikely it would only leak 10% overAllL0%releaserovides a sidl planning
target and helps to place the threat from potentially polluting wrecks into context against other threats
within an Area of Responsibility for any specific planning unit.

Environmental Impact Modeling

Introduction

Modeling can be a powerful tbfor oil-spill impact quantification as part of environmental risk
assessments, contingency planning, fdast impact analyses, and natural resource damage assessments.
Models use knowledge of physical, chemical, and biological relationships alongwittbhrenental data

to simulate pollutant transport, fand effects associated with a release of oil. Bgilited impacts are
typically evaluated based on three factors: water surface oiling (area oiled, mass of oil on the surface),
shoreline oiling (lagth/area oiled, shore types affected, mass of oil on shorelines), and water column
contamination (volume of water exposed above effects threshold, Bep®sition of odcontaminated
sedimentss also a concern in some situatiodsderstanding the emanmental tradeoffs of a proactive
response versus a reactive one is feasible using models and subsequent resources at risk analysis.

Oil fate and effects modeling was conducted as part of the consequence analysis for potential oil spills
from the wrecksdentified in the screening analysihe general approach was to use an existivigely

used and acceptail-spill impact model, RPBASAd6s Spi | | | mpact Model, Appl i
to project consequences associated witlpti@ity wrecks idenfied in the screening analysidodeling
was conducted using SI MAP6s stochastic model to d

hypothetical oil spills are likely to travel from a wreck site, given historical wind and current speed and
direction data for the area.dngterm wind and current records ahd aroungdthe wreck site of interest
were sampled at random and model runs performed for each of 200 selected spill dates ahoidiseds.

of random dates/times represgthte potential environemtal conditions that could occur during a release.
Each model run was extended over 30 days.

The stochastic modeling outputs provide a statistical description of the potential likelihoods and

magnitudes of oikpill related impacts that would be expedieuin a given wreck; these results can be
summarized by statistics such as mean and standard deviation. Using these results, we estimated the areas
of water surface, lengths of shoreline, and volumes of water exposed above effects thresholds (oil
thicknessor concentrations) and developed regression models for each wreck fit to the resulting impacts

as a function of spill volume, allowing impacts to be estimated for any potential release volume from the
wreck, as well as for screening potential risks olsfiiom other nearby wrecks.

Model Description

SIMAP (described in detail in French McCay, 2003, 2004, 2@98)computer modeling software

application that estimates physical fates and biological effects of releases of oil. A geographical
information swtem (GIS) database supplies values for water depth, sediment type, ecological habitat, and
shoreline type throughout timodeleddomain. An oil property database supplies physical and chemical
parameters required by the model.
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The model is designed tawilate fates of crude oils and petroleum products. Crude oil and petroleum
products are complex mixtures of hydrocarbons; for modeling purposes, crude oils and petroleum
products are represented by seven pseodaponents: three aromatic fractions congddoxic to
organisms, three nearomatic volatile and relatively insoluble fractions, and a nonvolatile insoluble
(residual) fraction. Each has representative volatility and solubility characteristics for that component.

The threedimensional physical tas model in SIMAP estimates distribution (as mass, areas and
thicknesses of oil, and concentrations) of whole oil and oil compoimettits water columyon the water
surface, on shorelines, and in sediments. Processes simulated include spreadingioevagtioka

transport, mixing, emulsificatiomntrainmentf oil as droplets into the water, dissolution of soluble
components, volatilization, adherence of oil droplets to suspended sediments, adsorption of soluble and
semisoluble aromatics to suspendsgtiiments, sedimentation, strandargshorelines, and degradation.

AWhol ed oi | -olatiesmandvblatile componeats not yet volatilized or dissolved from the
oil) is simulated as floating slicks, emulsions and/or tar balls, or as dispérdeablets of varying

diameter (some of which may resurface). Spreading (gravitational and by transport processes),
emulsification, weathering (volatilization and dissolution loss), entrainment, resurfacing, and transport
processes determine the thicksiedimensions, and logans of floating oil over time.

Surface slicks interact with shorelines, depositing and releasing material according to shoreline type. In

the water column, horizontal and vertical transport by currents and turbulent (randonrgialispee

simulated. A contaminant in the water column is partially adsorbed to particles and partially dissolved.
Modeling of bottom sediment contamination is represents the mixing of bottom sediments through

simple bioturbation algorithm. Degradatiohveater column and sediment contaminant is estimated
assuming a constant rate of Adecayd in each envir

The model algorithms in SIMAP (French McCay, 2002, 2003, 2004) have been developed over the past

three decades to simulate fate and effectslalpilis under a variety of environmental conditions. SIMAP

was derived from the Natural Resource Damage Assessment Model for Coastal and Marine Environments
(NRDAM/CME, French et al., 1996), which was developed forltf Department of the Interior alse

basis of the Comprehensive Environmental Response, Compensation and Liability Act of 1980

(CERCLA) Natural Resource Damage Assessment regulations (as amended) for Type A. The SIMAP
transport model has been validated with more than 20 case historiedingtheExxon Valdeand

other large spills (French McCay, 2003, 2004; French McCay and Rowe, 2004), as well as test spills
designed to verify the model 6,800%.ransport algorith

Vessels Modeled

The level of effort for this piject did not allow for running individual models for 407° of the wrecks
identified in the screening analysis. However, environmental conditions are similar enough in several

® Risk assessments were completed for only 87 vessels, 20 vessels with Low Worst Case &ndbdbte scores
were dropped.
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locations that, lthough the release points would vary geographically, thdtsgfor a nearby wreck of the
same oil type would be sufficiently similar as to provide insight into the potential impact scehiauss.
aset ofmodel result$or the oil type, release durations, and spill volam&s applied to nearby wrecks.

Following this approach, wreckgere groupedhto clusters based on oil cargo types and geographic
proximity. The environmental conditions and predominant wind and current directions were also
considered in pooling location®f the 87 priority wrecks, 61 wreckgere located in close geographic
proximity to at least one other wreck with the same oil cargo type, and thus were grouped into a total of
21 clustersin general, the wreck with the largest volume of oil in each cluster was selected as the
representativevreck for modeling. The clusters are summarize@adhle3-1; maps showinghe clusters
by U.S. Coast Guard Distriate shown in Figures-Bto 3-4. As an exampldn Figure3-2, there is a
cluster of three vessels off Florida containing heavy fuellwManzanillohas the largest volume, so it
was modeled, anekgressiorequations were used to calculate the potential impacts fpotbatial
release volumesf the other vessels in the cluster, namdbnaguaandSantiago de Cuban all, 47
wrecks wee modeled directly, and 40 wrecks wegpresented by modeling for another vessel

Table3-1: Summary of modeled wrecks and associated clusterésh\aididiisnal 26 vessels were modeled,
but were not associated with a cluster.

Modeled Wreck Associaed Clustered Vessel(s)
Cherokee Taborfjell
Coimbra India Arrow
Drexel Victory Camden
Esso Gettysburg Doris Kellogg
Francis E. Powell China Arrow
George MacDonald Bloody Marsbuan Casiano
Gulfoll Gulfpenr§heherazad@ainqueur
Hamlet Cities Seiwe Toleddlalo
Lancing Panam
Lubrafol PanMassachusetts
Maiden Creek PanPennsylvania
Manzanillo Managugsantiago de Cuba
Marine Electric CayryOneidaNorthern Pacjfwiftscout
Marit Il Allan Jackson
Norlindo Munger T. Ball
Norness OregopRegal Sword
Ohioan Potrero del Llano
Prins Willem V Material Service
Puerto Rican Jacob Luckenbach
R.W. Gallagher Alcoa PuritaGulfstagRawleigh WarnBobert E. Le¥irginia
William Rockefeller BuarqueEmpire Gerhjubica Matkovidormackit®ordglNotaore PaestunVenore
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Model Inputs

Modeling inputs include habitat and depth mapping, winds, currents, other environmental conditions,
chemicalcomposition and properties of the oils likely to be spilled, and specifications of the release
(amount, location, etc.). The input data for modeling impacts are available from goveramesetbsites

(e.g., winds, temperatures), government reports, p@disterature, and data libraries that RAKSA has
compiled over many years of performing similar modeling. General modeling inputs are discussed in the
following sections. Additional detail regarding model inputs for each wreck can be foApgemdixC.

Winds Wind data are typically obtained from NOAA National Data Buoy Center meteorological stations
(e.g., coastal and offshore buoys). The model uses hourly wind speed and direction for the time of the
spill and simulation. A longerm wind record (usuig 10 years) is sampled at random to develop a
probability distribution of environmental conditions that might occur at the time of a spill. The model can
use multiple wind files, spatially interpolating between them to detedmiiaé wind speed and dicgon.

Currents Currents have significant influence on the trajectory and oil fate, and they are critical data
inputs. Dependent upon geographic location, vdriden, tidal, and background currents are included in

the modeling analysis. The tidal curteand background (other than tidal) currents are input to the model
from a current file that is prepared for this purpose. Currents data sets used for modeling typically consist
of long-term modeled simulations from global circulation models (e.g., HyCamdjor regional

hydrodynamic models (e.g., ROMS, HYDROMAdéhd BFHYDRQ.

Temperature and Salinitfemperature is an important variable, as volatilization, uptake rate into biota,

and toxicity are all greatly enhanced at higher tempeat8reface antbottom water temperatures vary

by month in the model, based on data from French et al. (1996). The air immediately above the water is
assumed to have the same temperature as the water surface, this being the best estimate of air temperature
in contact withfloating oil. Salinity is assumed to be the monthly mean value for the location of the spill

site, based on data compiled in French et al. (1996). The salinity value assumed in the model runs has

little influence on the fate of the oil, as salinity isdise calculate water density (along with temperature),

which is used to calculate buoyancy, and none of the oils evaluated have densities near that of the water.

Other Environmental InputSuspended sediment is assumed to bailligrams per liter (ng/L), a

typical value for coastal waters (Kullenberg, 1982). $&itling velocity isl meter (m) peday. These
default values have no significant effect on the model trajectory. Sedimentation of pdigmdclear
aromatic hydrocarbon®fAHs) becomes sigficant at about 100 mg/L spended sediment concentration.

The horizontal diffusion (randomized mixing) coefficient is assumed to be/s@afor floating oil and 1
m?/sec for surface and deep waters. The vertical diffusion (randomized mixing) coefficeaumed to

be 0.0001 rfisec. These are reasonable values for coastal waters based on empirical data (Okubo and
Ozmidov, 1970; Okubd,971) and modeling experiendéhese coefficients are for modeling srsdhle
transport that is not resolved by thagdhodynamics models providing current dathis smallerscale

transport is assumed to be random in direction, and the rates of movement are based on dye and similar
studies made in oceanic waters.
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Retention of oil on a shoreline depends on the shorglpe width and angle of the shoreline, viscosity

of the oil, tidal amplitude, and wave energy. In the NRDAM/CME (French et al., 1996);Istidneg

capacity was based on observations fromAimco Cadizpill in France and thExxon Valdespill in

Alaska (based on Gundlach, 1987) and later work summarized in French et al. (1996). This approach and
data were used in the present study.

Habitats and Depth&or geographical reference, SIMAP uses a rectilinear grid to designate the location

of the shorelie, water depth (bathymetry), and shore or habitat type. The grid is generated from a digital
coastline using the ESRI Arcifmmpatible Spatial Analyst program. The cells are then coded for depth

and habitat type.

In general, the intertidal habitats assigned based on the shore types in digital Environmental

Sensitivity Index (ESI) maps distributed by NOAA Office of Response and Restoration, supplemented by
other data sources where necessary. @yser areas were defaulted to sand bottom, as-ap&Er

bottom type has no influence on the model reshitaleling results focountriesadjacent tdJ.S.where

habitat datavereunavailable were defaulted to sandy bestobreline habitats

Depth data are typically obtained from bathymetric contours witl@rGEBCO Digital Atlas (GEBCO,
2003). Other bathymetric data sets are used as necessary (e.g., NOAA NOS Hydrographic Survey, NOAA
Coastal Relief Modeland NOAAGreat Lakes EnvironmentakeRearch Laboratory Bathymetry).

Oil Types There are thousands oif types, with varying behaviors and environmental fates. To simplify
the analysismodeled wrecks were grouped into three general oil type categories, based on the
predominanbil type thought to be onboard:

9 Light fuel (e.g., marine diesel, fuel oil #Rel oil #4)

1 Heavy fuel (e.g., Bunker C, Navy fuel oil)

1 Crude all

The oil 6s cont e wdlati®diphatics bral aromatcs (haeadomatiesalso being soluble
SO as to cause toxicity in the water column) is defined and input to the mdoleks $ammarizing these
properties are provided #ppendixC.

In general, light oils tend to rapidly spread to sheens and are easily dispersed into the water column by
winds and waves, because of the low viscasitiearacteristic of these oilBhe dispesed oil can be quite
toxic to water column organisms. Light oils often have a high volatiteent so much of the oil mass

may evaporate quickly.

Crudeaoils range from light to heavy (low to high density) with a broad range of viscosities as well.
However, typicallycrude oilsare more viscoysnore persistent in the environment, float longed

more likely to impact shorelindban light fuels Many crude oils emulsify (take up water) under
turbulent conditions to form mousse, which makes the oienamcous and less likely to disperse. When
crude oils are dispersed by high winds and waves, considerable toaititggult in the water column.
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Heavy fuel oil is the mdssiscous oil type consideretihis property makes heavy fuel difficult to

disperg and highly persisterftor the same spill volume, heavy fuel oil is more likelgttand on
shorelinesandoil wildlife at sea than the other oil typéeleases of heavy fuel oil that occur far offshore
tend to break up into fields of tarballs that cawer large areaand persist over long time periods.
Because the lighter, more toxic fractions of the oil are removed during the refining processuitivegr
water column impacts are generally low for this oil type.

In the model, the representativeavy fuel oil used for this analysis spreads to a minimum thickness of
975grams per square meteytff) (~1 millimeter), and the oil is not able to spread any thinner, owing to
its high viscosity. As a result, water surface oiling results are identictilé®.01 and 10 gfthresholds
(discussed below)rorthe crude oil used for this analysis, the minimum spreading thickness is 852 g/m
so water surface oiling results are very similar for the 0.01 and falykesholds. The light fuel used in
this analysis spreads to a minimum thickness of &6, but is of low viscosity, so water surface oiling
results are higher for the 0.01 d/than the 10 g/Athreshold.

In some cases in this study, water column impacts decreased with increasing spill Volissituation
occuredwhen a relatively large percentage of thengik predicted to settle to the sedimeWitben oil

does not stay in the water and settles, thelkess dissolution in water artierefore less water column
impact.Sedimentation iproportional to both whole oil and sediment concentrations in the \watker

more settling in shallower watefhus spill trajectorieshat headoward shallow wategenerallyresult in
more sedimentatiofor the smaller spill volumes from these wreadmost no oil goes to the sediments,
but for large volumes in some runs a high percentage goes to the sedbraeatsé of high whole water
concentrations in the water combining with suspended sedimentigjle water column impact occurs.

This behaior leads to a situation where water column impacts increase with spill volume up to a certain
level, and then decline above that spill volume where high sedimentation results.

Release VolumedReleases of oil from the wrecks were assumed to occur atlaafebetween 2 to B
above the seafloor. All releases were modeleatatein nature (i.e., shotermrather than chronic or
continuous discharggswith a release duration of 12 hours

Five spill volunmes were modeled for each wreck, consistihthe following:

T Worst Case Discharge (WCD), representing release of all of the cargo oil and mnidaasd

1 Large release, assumed to b&ddf the WCD.

T Most Probable Dischargeenario, representing the release of all of the oil from one tank. In the
absace of information on the number and condition of the fuel and/or cargo tanks for all the
wrecks being assessedistBcenario is modeled using%®f the WCD.

1 Episodic release of%h of the WCD.

1 Chronic release of 0% of the WCD represerihg a low chranic release, which would most
likely occur due to corrosion of piping that allows oil to flow or bubble out at a slow, steady rate.

For the episodic and chronic releases, the scenario would essentially be repeated many times, potentially
giving the same agnitude and type of impacts with each rele@ke.use ofive volumes facilitated the
development of regression curves that allow for prediction of the area of water surfackergitbreand
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volume of water that could be exposed above the threshaldpftential release volume from that
wreck or nearbylustered vessels.

Analysis of Results

The modeling approach involves estimating the areas of water surface, lengths of sl Modumes
of water exposed above consequence thresholds for a ed# spill volumes for each wrechll of the
impact thresholds are summarized in TébRand described below.

For water surface impacts, a¢khold degree of oilingf 0.01 g/ (as the amount of oil averaged over a
modeled grid cell resolution mging from 0.1 to 3.5 kfdepending on locationkhich would appear as

a barely visible sheemil patches of various amounts of oil, andécattered tarballs, was used as the
threshold for impacts on soe@ronomic resources because fishing may beilgited in areas with any
visible oil to prevent contamination of fishing gear and catcthr@sholdof 10 g/nf was used as the
threshold for ecological impacts to the water surface, as this level of oiling has been observed to be
enough to mortally impadtirds and other wildlife associated with the water surface (French et al., 1996;
French McCay, 2009).

For shoreline impactsnaaveragdoading amountf 1 g/nf was used as the threshold for impacts on
sociceconomicaesources because that amount ofvailild conservatively trigger the need for shoreline
cleanup on amenity beachesthkesholdof 100 g/nf was used as the threshold for ecological impacts to
shoreline habitats based a synthesis of the literature showing that shoreline life has beerbgffleisted
degree of oiling (French at., 1996; French McCay, 2009).

Table 2:Impact thresholds used to estimate consequences.

onsequence mpact Measure ., o\ AR Tarballs ationale
Impact to ecologicgWater surface aregd 10 g/rh | Dark browi~5,0085,000 |This level of oiling has beel
resourceswater exposed to floating sheen [tarballs per acriobserved to mortally impac
surface birds and other wildlife
Impact teocie Water grface area | 0.01 g/fh|Colorless alj~56 tarballs peFshing may be prohibited i
economiesources |exposed to floating silver shee|acre areas with any visible oil to
water surface prevent contaration of fishir|
gear and catch
Impact to ecologicgShore legth expose| 100 g/t | Black oil |~1214 Basedona literatursynthesis
resourcesshoreline tarballs/m this level of oiling affects
shoreline life
Impact teocie Shore length expoy 1 g/ | Dull brown~0.120.14 Thisamounof oil would
economiesources sheen [tarballs/m conservatively trigger the n
shoreline for shoreline cleanup on
amenity beaches
Water column impgWater volume 1 ppKi.e., N/A N/A Screening threshold for pot
exposed to dissolv( 1 part pe impacts on setigémarine
aromatic billion) organisms
concentrations

* Oil appearance listed in the table is for a continuous area of oil of the same thickness. In reality, thieedegre & baserion
the amount of oil averaged over a large area (dependent on the resoldébfrof themple, 0.01 3froil on the water surface
could appear as a barely visible sheen, oil patches of various amounts of oil, and/or. scattered tarballs
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Water column impacts for both ecological awticeconomidge.g.,commercial fishinjjresouces were
guantified as the volume of water that had dissolved aromatic concentrations exceeding 1 part per billion
(ppb).At 1 ppb, there are likely to be impacts to sensitive organisms in the water column and potential
tainting of seafood, so this conceatton is used as a screening threshold for both the ecological and
sociaeconomic risk factors for water column resource impagisspills from sunken vessels would be
released at low pressures; therefore, the oil droplet sizes would be large endhgloiiaio rapidly float

to the surface. As a result, impacts to water column resources would primarily be limited to the surface
mixed layer, which is assumed to bert@eep in the model runs. Contamination in the water column
changes rapidly in spaceaditime, such that a dosage measure (i.e., the product of concentration and
time) is a more appropriate index of impacts than simply peak concentration. Toxicity to aquatic
organisms increases with time of exposure, such that organisms may be unaffécteldxyposures to

the same concentration that is lethal at long times of exposure. Determining the dose to water column
organisms was beyond the scope of this project, so a threshold of 1 ppb was used as a screening threshold
for potential impacts on ssitive organisms.

Themean results from each scenasiere usedo develop regressions of exposures versus volume of oil
spilled for each of the wrecks modeled. The regression models used were those that provided the best
descriptive fit to the data, i,ehose that maximized thesRuarefivaluewhile providing a reasonable
function of impact vs. spill volumé&.hese regressions allow for prediction of the area of water surface,
shore length, and volume of water that could be affected for any potelggdeaolume from the wreck,

or other nearby wrecks (i.e., the cluster vessElgure3-5 shows the regression curve for iMdliam
Rockefellerwhich was modeled for 5 release scenarios: 150,0000@,516,000, 1,500, and 150 bbl.

Water Column Impact
140

120
/
100 -

80 -+

60 - -~

40 /
il

20 =

0 &
0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000
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Area(sq. mi.) of the Upper 33 Feet of Water

Figure3-5: Regresion model for Wélliam Rockefeldth a Worst Case Discharge (WCD) of 150,000 bbl.

5R?is a statistical measuyralso called the coefficient of determination, which indicates the degree to which the fitted curve
(formula) accounts for the variability in the data. The higherthe Rl ue, t hfei thdetotfert hteher efigr essi on f c
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Model Limitations

Successful model simulation is dependent on the accuracy of the input data, most imsmitantly
volume,winds, currents, and assumed randomizéfdsion rates. Because of the sheer number of vessels
involved in this screening risk assessmentthedarge geographic extents required, the readily available
data sources for currents and winds are often lower resolution and |legsesifec than idal. However,

despite some uncertainty in each individual trajectory, when taken together, the results from the set of 200
runs are adequate for the purposes afraeninglevel risk assessment.

These results provide a quantitative basis and statidesaliption of the potential likelihoods and
magnitudes of oibpill related impacts that would be expected, which can be used by deunakens to
evaluate the need for assessments to fully determine risk and any resultant oil removal or remediation
opeations and to prioritize wrecks within area contingency plans for such operations. The statistical
analysis is important, such that uncertainty may be quantified and representative results are analyzed.
Other uncertainties are also present, but not medere, including specific details of current transport
combined with weather at the time of a spill, variability in oil properties, other release durations than
those examined here, andriability and seasonal variation in resources present (which ¢aben
addressed in a general way in the screening analysis).

This analysis is meant to provide sufficient detail for a scredeirg] assessment based on potential risks
as quantified byxcedence of thresholdf concern. Detailed sitevessel, and sasonalspecific

modeling would need to be conducted prior to any intervention on a specific wreck. The specifics of oll
types and properties, release scenarios, response activities, local currents, and other environmental
conditions all can influence thate and effects of released oil and model results. Also, morepsitéfic
analysis of exposures to specific resources at risk would be warranted, considering spatial and temporal
variability in their distributions. In this screening analysis, we werabletto model all possible

conditions and ramifications such that the details would be accurate in every situation. However, the
general findings provide data to inform decisions regarding further evaluation of specific wrecks.

Risk Scoring and Ranking

Probability vs. Consequences

Assessingisk means evaluating both tipeobability of an event occurring and tiapactsor
consequenceasf that event, such that:

Risk = Probability x Consequences

In this risk assessment, there are essentially threetstépes overall risk analysis:

1 Vessel Risk:Analysis of the probability that there will be an oil release from a wrecked vessel
and the consequences of that release with regard to the volume of oil leakage.

1 Oiling Risk: Analysis of the probability that themill be oil exposures to the water column,
water surface, and shorelioger thresholds known to cause impacts to ecological and/or
socioeconomic resources, and the magnitude or degree of that oil impact given that there is a
hypothetical release of aiff a certain volume.
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9 Ecological andSociceconomiclmpact Risk: Analysis of the probability that there will be oil
exposureso the water column, water surface, and shoreline over thresholds known to cause
impacts to ecological resources at risk (ECORAdRE) socieeconomic resources at risk

(SRARSs), and the magnitude or degree of that oil impact given that there is a hypothetical release

of oil of a certain volume.

EcologicaResources at Risk (Eco RAR)
Potential impacts to ecological resources at riskaasessed using the modeling results to identify the

geographic area of oiling to water column, water surface, and shorelines resources. A literature review

was conducted to identify the ecological resource at risk for each wreck location. The typésgitaco
resources evaluated in the risk analysis include those in Tdhble 3

Table B: Descriptions of the ecological resources at risk considered in the consequence analysis for each wrec|

Ecological
Group

Types of Ecological Resources Included

Sensitvity to Oiling

Seabirds

Seabirds (e.ghearwaters, petrdigmars,
albatrosses) are adapted to life on the open o
Some species come ashore only to breed and
out to sea the rest of the year. Most form med
large nesting colonies,tmas isolated locations
with direct access to the ocean. They feed by
prey while floating on the water surface or hov
above the water. A few species occasionally ¢
food.

Seabirds are considered to be highly vulnerable
spill imacts because of their extreme reliance of
water marine habitats. They spend most of thei
the open ocean and roosting birds can become
concentrated in offshore convergence zones, w
offshore spills also tend to concentrate. A small
of oiling on these birds can results in hypotherni
death.

Pelagic
Birds,
Waterfowl,
and Diving
Birds

Pelagic birds (alcids, murres, puffins), waterfo
(swans, geese, dabbling dudas)ysckss€oters,
bufflehead, mergansers, goldeneyes) and coa|
diving birds (pelicans, cormorants, terns, gulls
feed by diving for food, either from the air or th
surface (dabbling ducks and frigatebirds are tf
exceptions). They often form large flocks and
much of the time floating owianrsing in the wat
Many species form dense nesting colonies.

Pelagic seabirds are considered to be the most
sensitive of all marine birds to spilled oil becaug
form large flocks in cold, offshore waters and sy
much of their time on the wattace. A small amo
of oiling on these birds can results in hypothern
death. The sensitivity of waterfowl and sea duc
depends on their habitat preferences. The most
sensitive species are those that occur in very la
flocks during migrationiamwintering areas using

offshore and coastal marine waters.

Shorebirds
and Colonial
Nesting
Birds

Shorebirds include plovers, turnstones, sandp
surfbirds, phalaropes, and oystercatchers. Th
a wide variety of habitats, including sahdd)ea
rocky shores, marshes, and tidal flats. Colonia
nesting birds include herons, egrets, ibis, spo
stilts, avocets, and cranes. They form dense n
colonies in sheltered wetland habitats.

Shorebirds have low to moderate vulnerabdity t
oiling because they seldom enter the water. Ho
they can be affected by oil stranded on the sho
and cleanup activities, particularly during nestin
the stress of long migrations. Wading birds hav
vulnerability to oil from offshreiekgvbecause they
mostly feed in sheltered areas. However, dense
colonies can be affected by spill response oper
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Table 3:Cont.
EcGorlggg:al Types of Ecological Resources Included Sensitivity to Oiling
Sea turtles inde: Federal Endangered: Green| Oil effects on sea turtles include increased egg
Kempsdé ridley, | eat hg¢anddevelopmental defects; direct mortality due
Federal Threatenedgtgerheadndolive ridleyn | ofhatchlings, juveniles, and adults; and negativ
Sea Turtles| theU.S, they nest on beaches on the East and impacts to the skilgod, digestive and immune
coast from Alabama to North Carolina and Ca system, and salt glands. They lack avoidance b
islands. They spendcchaf their life history at se and feed indiscriminately in convergence zones
females return to beaches to nest. they (and oil) tend to concentrate.
Marine mammals include cetaceans (whales, | The most sensitive marine mammals are those
dolphins), pinnipeds @esda lions, and walruse on fur to keep warm, such as sea otters and fur
Marine sea otters, and manatees. Pinnipeds form Qer When. thejr furdded, they have to spepd more e
out colonies for breeding, molting, and resting| to maintain normal temperatures, which may re
Mammals ) . ! . .
death by hypothermia and ingestion of oil durin
grooming. Little is known on how oil directly aff¢
cetaceans; sublethal effects may be significant.
The focus is on those species and habitats thi Early life history stages (eggs, larvae, and juver
Rare, threatened, endasdjesind special concer| at risk from oil spills because they have more lir
Fish and | speciesCommercial and recreational sp@thies; | mobility, thus less ability to avoid oil. They also
Inverebrates | sensitive or important species; Areas of high | lower tolerances to oil exposures. Adwdigo@hoil,
concentration; afickas where sensitifeshistory | inhabit deeper watarare able to tolerate a wider
stages or activities occur range of environmental condition.
Benthic habitats of concern inalbdeesged These habitats themselves would be sensitive
Benthic aqua_tic vegetatquhicﬁsimporyarm numerous spills in nearshore, shallow hfibitats. They are n
Habitats speciesor spawning and rearing ha@nrtdthard concern bgcause of the_ coratents of other _
bottom habitats that are often considered hab| sensitive fish and shellfish that concentrate in tf
particular concern for-assbciated species. habitats.

SocieeconomicResources at Risk (SRAR)

In addition to ecological resource impacts, spills from sunken wrecks have the potential to cause

significant social and economic jpacts. Soci@conomic resources at risk for each wreck depend on the
wreck location. The types of resources that were evaluated in the risk analysis include those w Table 3

Table3-4: Descriptions thiesocieeconomicesources aiskconsidered the consequence analysis for each

wreck.
SRAR Type Economic Activities Sensitivity to Oiling
Beach resorts and befroht residential communitie| Shore communities and tourist beaches i
provide yeaiound and seasonal residents and visi| extremely sensitive to oiling. Even if the ¢
with recreatioragtivities (e.g., swimming, boating, | of oiling is not enough to cause ecologics
Shore recreational fishing, wildlife viewing, nature study| human impacthge perception of unsightly

dining, camping, and amusement parks). They al
provide substantial incomes for local communities
statélocatax income. Depending on the location a
climate, many of these recreational activities may
limited to or concentrated into certain seasons.

oiling and tainting of beaches, as well as
presence of cleanup crews or clpsames
cause millions of dollars of damage and |
income and property value to property ov
and commercial interests associated with
beaches and shorefront communities.

Communities/
Tourist Beaches|
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SRAR Type

Economic Activities

Sensitivity to Oiling

Ports/Shipping

A significant amount of commerce takes place in
nationébés ports. Port t

oil and chenaictankers, container ships, bulk carrig
vehicle carriers, tank barges, dry cargo barges, n

Impediments to shipping lanes and traffi
andout of ports can cause significant de
and involve considerable costs. Total or
blockage of ports eraeting of ship traffic

Washington and Alaska. Tribal populations use ¢
and \ater resources for cultural heritage activities
rites in addition to residential and commercial pur

Lanes vessels, passenger vessels, etc., and forms an in due to significant oil on the water surfac
part of local, regional, and national commerce. and/or the presence of response operat
can affect commerce on adogalional
basis.
Coastal tribal lands and reservations and adjacer] Native tribes, tribal lands, and reservatic
nearby water and shoreline resources used by tri| particularly sensitive to impacts from oil,
Tribal Lands present in many parts of the nation, particularly i only with respect to economic damage,

also ¢ cultural impacts. Qiling of native I
can result in cultural heritage impacts th
immeasurable.

State Parks

Coastal state parks are significant recreational re
for the public (e.g., swimming, boating, recreation
fishing, wildlife vieyyinature study, sports, dining,
camping, and amusement parks). They provide ir
the stateepending on location and climatepmar
these recreational activitiag bdimited to or
concentrated irtertairmonths.

Like shore communities andhes, state
parks are very sensitive to oiling. Even i
degree of oiling is not enough to cause
ecological or human impacts, the percej
unsightly oiling and tainting of beaches,
as the presence of cleanup crews or clo
can cause iiwins of dollars of damage ar
lost income to states administering the g

Subsistence
Fishing

Subsistence fishing takes place in many localitieg
nation and is of particular concern in waters and

shorelines near and in tribal lands. In sos)@Eae®
from fish and shellfish are the only or most signifi
source of protein for these sensitive human popu

In addition to commercial and recreation
fishing impacts, there can also be impag
subsistence fishing resources wittobitieg
water column, water surface, and shore
Actual and perceived tainting of fish and
shellfish (e.g., shrimp, shoreline clams)

occur at relatively low levels of oiling. M
and significant impacts to fish and shellf
stocks occur at lég degrees of oiling, bu
populations that rely on subsistence fish
usually particularly vulnerable as there g
substitute food resources.

Commercial
Fishing

Commercial fishing is an important part of the ecq
and food supply for manpmsgiShore communities
and smaller ports often have significant fishing fle
Includes aquaculture facilities.

Commercial fishing is particularly vulner
oiling impacts to the water column both
because of actual mortality and organist
cyclempacts (reduction in eggs, larvae,
reproduction) that can affect the amount
available in the short term and longer te
also because of tainting or perceptions ¢
tainting of fish catches. Public consume
very sensitive to perceptiopstefitial
tainting even when the fish are deemed
by authorities. The public will shun fish
shellfish) caught in areas known to have
experienced a recent oil spill. This can ¢
significant loss of income for commercig
fishermen. Commercihlrfgs activities can
also be affected by the presence of oil o
watesurface thaan adhere to nets, vess
and other fishing equipment, as well as
closures related to spill response operat
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SRAR Type

Economic Activities

Sensitivity to Oiling

Federal Protecte|
Areas

National Wildlife
Refuges

National Marine
Sanctuaries

National Parks
National
Seashores
National
Lakeshores

National wildlife refuges are federally managed al
protected lantisatprovide refuges and coraienv
areas for sensitive species and habitats. Some rg
are accessible to the public for wildlife viewing an
study. National marine sanctuaries are federally
and protected areas that conserve unique and se
marine habitats anéaps. These sanctuaaies
providepportunities for snorkeling, diving, and na
study. National parks and recreation areas provid
opportunities for recreational activities while pres
our nationds natNatiosbl a
seashoreandlakeshores provide recreation while
preserving and protect
treasures.

Federally protected and managed areas
including national wildlife refuges, natio
marine sanctuaries, national parks, natig
seasbres, and national lakeshores are h
sensitive to oiling on the shoreline, wate
surface, and in the case of marine sanct
in the water col um
on the very habitats and species that the
protected areas are meant sepe In
addition, these national treasusgsrovide
income to the federal government throu
visitor fees and rentltgeal economic
resources (e.g., food, lodging, rentals, a
equipmengreofterdependertn visitors.

Power Plant
Intakes

Coastabower plants are important sources of eleq
for areas in the vicinities of the plants, as well as
regions and power grids.

Power plants (coal, nuclear, hydroelectr
oil) are sensitive to oil in intake water. W
there is a potenfiar oiling of the water in
vicinity of intakes, the plaragneed to shut
down temporarily. If oil enters the intake
can cause considerable damage and
necessitate longerm shutdowns, which ¢
have significant impacts on power suppl
andcosts.

Wind Farms

While there are no offshore wind farms currently
constructed or operating in U.S. waters, there arg
for construction of at least one facility and plans f
several other facilities in the North aAtdviiit
region.

Oiling athe structures of wind farms coul
cause moderate damage. The facilities
in and of themselves have water intakeg
could be impacted. The oiling of the stru
would nevertheless require cleanup and
possible damages.

Offshore Oil
Exploratiorand
Production

Offshore oil exploration and production facilities
(platforms, rigs) and related vessel traffic (offshor
vessels) are an extrem
energy production and economy, particularly in th
Mexico, Alla, and California.

Impediments to offshore oil activities du
presence of oil on the water surface and
response operations, as well as oiling of
facilities and vessels, can cause delays
production activities and caoseomic
damages. Theseilities are moderately
sensitive to oiling.

Ultimately, the overall risk assessment is aimed at determining whether there is a consequential impact to
EcoRARs and SRARs. This requires addressing three main questions. Assuming that a spill occurs:
1 Whatis the magnitude oéxposureo the water colum, water surface, and shoreliaed to what
degree does this exposure exceed thresholds known to cause impacts to ecological and/or
socioeconomic resources; and
1 Are there ecological angbcioceconomic resources the area that are potentially at rfsk
exposure to oil above thresholds known to cause impacts; and
1 How sensitive are these resources t@rposure above the threshold levelsafé.e., what is
the degree of adverse impatt)

The EcCoRAR and SRARsk assessment process involves evaluating for both the Worst Case Discharge
and the Most Probable Discharge risk to three categories:
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1 Water Column: Impacts to the water column atalecological andociceconomic resources
the water column;

1 Water Surface: Impacts to the water surface asblogical andocioeconomic resources the
watersurface and

1 Shoreline: Impacts to the shoreline ardological andociceconomic resourcam the
shoreline.

For each of these three categories, in turn, rislasssified with regard to:
1 Theprobability of oiling over a certain threshold (i.e., the likelihood that there wikXj@osure
to specificresources over a certain minimal amokmbwn to cause impagtsand
1 Thedegree of oiling(the magnitude or amouot that exposure over the threshold known to
cause impacts).

The EcoRARand SRAR risk scoring involves a thrsiep process:

1 Analysis of the modeling data to determikng probability risk scoregor water column, water
surface, and shoreline oilinghédegree of oiling risk scorder water column, water surface,
and shoreline oiling;

1 Expert ECORAR and SRAR impact analysis with regards to the presence of these resources (i.e.,
the probability that there might be an impact) and the sensitivity of theserces, if present, to
the degree of oiling predicted in the modeling; and

1 Final EcoRAR and SRAR risk scoring combining the modeling data scoring and the expert RAR
evaluations.

A threepoint scale of Low, Medium, and High were used to distinguishidesf probability and of
impact. The colors of green, yellow, and red were used to depict Low, Medium, and High, respectively.

Water Column Impacts

The water columnisk factor reflects the probability that at least 0.2 afithe upper 33 feet of the veat
column(approximately 5.18 million cubic meterspuld be contaminated with a high enough
concentration of oil to cause so@oonomic impactd-or this study,te threshold for water column

impacsk to socieeconomic resources at risk is an oil concatian of 1 ppb (i.e., 1 part oil per one billion
parts water). At this concentration and above, one would expect impacts and potential tainting to socio
economic resources (e.g., fish and shellfishhawater columnthis concentration is used as a scieg
thresholdfor both the ecological and soegxonomic risk factors

The three risk scores fprobability of oilingare:

1 Low Oiling Probability: Probability = <10%
1 Medium Oiling Probability: Probability 3 30%

Thedegree of oilingf the water column reflects the total amount of oil that would affect the water
column in the event of Worst Case Discharge or Most Probable Dischéngya the vessel. The three
categories of impact are:
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I Low Impact: impachdess than 0.2 Auf the upper 33 feet of the water column at the threshold
level

1 Medium Impact: impact on 0.2 to 200frthe upper 33 feet of the water column at the threshold
level

Water Surfacknpacts

The water surface impausk factor reflects the probability that at least 1,000afhthe water surface
would be affected by enough oil to cause impactoticeconomiaesources. The threeski scores for
oiling are:

1 Low Oiling Probability: Probability = <10%

T Medium Oiling Probability: Probability 8 30%

The threshold level for water surface impactE®oRARs is 1@/nT (10 grams offloating oil per square
meter of water surfaceht this concentration and above, one would expect impacts to birds and other
animals that spend time on the water surface. For SRARSs, the threshold is 16w0érgind (i.e., 0.01
grams of floating oil pesquare meteof water surface)t this concentration and above, one would
expect impacts teociceconomiaesources on the water surfasach as closure of fisheriéhe
thresholds for ECORAR and SRAR impacts diffieis means that there might be impacts to SRARIle
there might not be any impacts or lower impacts to ECORARSs.

The degree of oiling of the water surface reflects the total amount of oil that would affect the water
surface in the event ofWorst Case Discharge or Most Probablechargefrom the \essel. The three
categories of impact are:

I Low Impact: less than 1,008 mhiwater surface impact at the threshold level
1 Medium Impact: 1,000 to 10,06@iwvater surface impact at the threshold level

Shoreline Impacts

For the ECORAR risk analysis for shoreline impact, shoreline sensitivity has been factored into the

modeling results and analysis. The impacts to different types of shorelines vary based on their type and
theorganisms that live on them. In this risk analysis, shorelines have been weighted by their degree of
sensitivity to oiling. Wetlands are the most sens
gravel shores are moderately sensitive (weighted A 20) , and sand beaches (wei
sensitive to ecological impacts of oil.

Likewise for the SRAR risk analysis for shoreline impact, shoreline sensitivity has also been factored into

the modeling results and analysis. The impaztifterent types of shorelines vary based on economic

value. In this risk analysis, shorelines have been weighted by their degree of sensitivity to oiling. Sand
beaches are the most economically val umakyaschor el i n
gravel shores are moderately valued (weighted as
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shorel i nes ( Moteithgthhese dalues diffefifrbra the ecological values of these three
shoreline types.

For EcoRARs, thehorelne impactisk factor reflects the probability that the shoreline would be coated
by enough oil to cause impacts to shorebnganismsThe threshold for shoreline oiling impacts to
ecological resources at riski80 g/nf (i.e., 100 grams of oil per squeameter of shoreline).

For SRARs, theshoreline impactisk factor reflects the probability that the shoreline would be coated by
enough oil to cause impacts to shorelisersThe threshold for impacts to shoreline SRAR is 1°g/m

(i.e., 1 gram of oil pr square meter of shorel)ndlote that this is lower than the threshold for ECORARS.
This means that there might be impacts to SRARs while there might not be any impacts or lower impacts
to ECoORARsThe three risk scores for oiling are:

1 Low Oiling Probality: Probability = <10%
T Medium Oiling Probability: Probability 8 30%

The degree of oiling of the shoreline reflects the tetadth of shoreline that would be affeciadhe
event of aWorst Case Dischge or Most ProbablBischargerom the vessel. The three categories of
impact are:

1 Low Impact: less than 10 miles of shoreline impacted at threshold level
I Medium Impact: 2000 miles of shoreline impacted at threshold level

Summaries of Risk Factor Scores

For each wreck, there are four tables of risk factors presented:
1 EcoRAR risk factor scores fd¥orst Case Discharge
1 EcoRAR risk factor scores fdlost Probabldischarge
1 SRAR riskfactor scores foworst Case Discharge
1 SRAR risk factor scores fdrlost Probabldischarge

Table 35 showsthe format of theesources at rissummary table presented for each of the 87 priority
wrecks.For each table, the probability and degree of oiirghighlighted in color (red, yellow, or green
for risk scores of high, medium, or low) with a brief explanation of the risk scores as they relate to the
modeling results.

Table3-5. Sample risk factor scomamaryableforecological and see@mnoric resources at risk.
Risk Factor Risk Score Explanation of Risk Score Final Score

X% of the model runs resulted in at le
Low |Medium me of the upper 33 feet of the water c; Depends on Ri
contaminated abdvppb aromatics Scores and

Water Column Probabili
EcoRARIr SRARIling

The mean volume of water contamil ECORAR and
above 1 ppb wsn? of the upper 33 fed SRAR Evaluati
the water column

Water Column Degree

EcoRARY SRARIling | —°W
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Table3-5: Cont.
RiskFactor Risk Score Explanation of Risk Score Final Score

X% of the model runs resulted in at |
1,000 rAof water surface covered by a )
10 g/rafor ECORAR impacts and at le{ Depends on Ri

g/n# for SRAR impacts Scores and
- EcoRAR and
\ Mean area of water contamiveasddn? | SRAR Evaluati

Water Surface Probabili

EcoRART SRARIling | -OW |Mediun

Water Surface Degree

= Low above 10 ghfor ECORAR impacts an
EcoRART SRARIling above B/n?for SRAR impacts
. - X% of the model runs resulted in sho
Ezgéekn@i ZtI;aAblgl)ti)I/in Low oiling o#t least( g/n# for ECORAR impg Depends on Ri
9 and at least Hn? for SRAR impacts| Scores and
. Length of shoreline contaminated mis| ECORAR and
shoreline Degree EcoR) | at least Dg/n? for ECORAR impacts arf SRAR Evaluati

or SRARDIling

least 1@/n?for SRAR impacts

FinalResources at RiskcoreDetermination

TheFinal Scoreis based on evaluating the ECORARs and SRifiRise vicinity of predicted oiling and
determining through expert evaluation whether the degree and probability of oiling as modeled would
represent a high, medium, or low risk.

This process basically entails comparing the probability and degreengf idk with the presence of
EcoRARs and SRARs in the water column, on the water surface, and at the shoreline, and their potential
sensitivities to these degrees of oiling. For example, if there was significant oiling of shorelines in areas
with low ecolaical sensitivity or low soci@conomic value, the risk would not be as high as when there
were highly sensitive or valuable resources on the potentially affected shorelines. In other cases,
extremely high sensitivity or soceconomic value of ECORARs &RARs might indicate a higher risk

even though the degree of oiling is medium.

The overall risk assessment ach of the 87 priority wrecks comprised of a compilation of several
components that reflect the best available knowledge about this @arsital Those components are
reflected in the previous sections of this document and are:

1 Vessel casualty information and haite formation processes have worlaathvessel

9 Ecological esources at risk

I Sociceconomicesources at risk

9 Other complicatindactors (war graves, other hazardous castm)

To make the scoring more uniform and replicable between wrecks, a value was assigned to each of the
severcriteriafor the two release scenarios (Worst Case Discharge and Most Probable Disdlinerge)
criteria are pollution potential, ecological resources at risk (shoreline, water surface and water column)
and socioeconomic resources (shoreline, water surface and water cdlbism@ssesaent has a total of
seven criteriavith threepossible scores for el criterion (L, M, and H). Each was assigned a point value
of L=1, M=2, H=3. The total possible score is 21 points, and the minimura scd. The resulting range

in scores assigned to the overall category eamtknumber of wrecks in each category bgase scenario
areshown in Table &. The breaks between the categories were selected based on review of the seven
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scores for all vessels. To reach a score of 12 (making it a Medium Priaritg¥sel had at ledste out

of thesevenscores as Mediunar at least one Highnd three Mediurscores. To reach a score of 15

(making it a High Priority)a vessel had at least six scores as Medium and one High, or at least two High
and two Medium score3 hese breaks seemed to appropriately reflect relativeekegf priority.The list

of 87 wrecks and their finalategory rankor both release scenarios is shown in Tabte 3

Table &: Summary statistics for the final category ranks of Low, Medium, and High priority for the 87 wrecks.

Category Rank

Medium Priority

Range ofcores

1214

No. Wrecks for dvst
CaseDischarge

40

No. of Wrecks fordgt
Probable Discharge

36

11

45

LowPriority 7-11

Challenges andmitations of Risk Assessment

Corducting a environmental risk assessmemt asinglepotential pollution source presents many
challenges based on the availability and accuracy of data, the interpretations of thakfiddians of
and acceptability of risk, and the ultimate application(s) of the assessment. Condustingsaagssment
for a large number of potential pollution sources for the purpose of comparative analyses and
prioritization increases the complexity and challenges immensely.

Forthe risk assessment pbtentially polluting wrecks, there asdarge numbeof data inputs that may

Il i mit the Aaccuracyo of t h éocation ankonditors of thesvneekand i ncl
the type and amount of oil remainirig the current risk assessment, the overall quality of thefdiata

each wreckincluding availability, accuracy, and reliability, is notéshatheringof accurate data on

historical wrecks is extremely challengiBecause all modeling of potential impacts of potential oil

releases assumes that there is oil of a particular type on beardsel at a particular location, any

inaccuracies in these data will reduce the reliability of the impact modeling results.

Another important limitation of risk assessments in gerigthht they necessarily deal with probability

of events occurring ithe future. There is no guarantee that any one wreck will (or will not) release oil at
some point in the near or distant future. This type of prediction is similar to that made by meteorologists
who give probabilities of rain based on current conditiéns0% chance of rain does not mean that it

will not rain on that day, nor does a 90% chance of rain mean that it is guaranteed to rain. With
meteorology, there aextensivehistorical dataetson which to rely for predictions. With wrecks, there is

a muchsmaller set of datar past experience on which to make determinations of likelihood of oll
leakage.

The probability aspects of risk in general, and grasping the meanlimg-pfobability, high-consequence

events and the converse, are difficult to apgplplanning and decisiemaking. The acceptability of risk

of impacts to valuable and sensitieeologicaland socieeconomic resources is an important

consideration in the decisianaking procesd. f t he ri sk i s deemed fAunaccept
irreplaceability or high value of particular resources, a more aggressive approach may be in order. If the

ri sk i s deemed 0or eaa snoonraeb | cyo nascecrevpattaibviee appr oach may
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The modeling results presented in this risk assessment are lbasedlyron assumptions of wreck

location, oil content, and oil type, but also on the large variations in types of releases (volume, periodicity,
and frequency) and the conditions under which they may occur. As with any oil spill, the degree of water
surfa@, water column, and shoreline impact from the release of oil from a sunken wreck will depend on
the conditions at the time of the oil release and its aftermath. There are infinite variations in combinations
of wind direction and velocity, currents, weathend seasonal patterns in environmental and socio
economic resource presence and sensitivity that will determine the ultimate outconetealseThe
modeling results in this risk assessment were ana
based on random variations in the timing of the release, which translates to variations in currents and
winds. The release of oil from a particular wreck, assuming that itabmesmay not follow the

trajectory (path) and behavior described ingpecfic scenarios herein. There is no guarantee that certain
resources will (or will not) be impactet@ihere is no guarantee that the amount of oil assumed to have

been released in the scenarios will be released in an actual event.

The modelingresultsandegh r i sk assessment in gener dthatjsthé nt on/l
likelihood and degree of potential impddbased on the information currently availafilbe intent was

to provide sufficientnformationsothat when the risk assessments iviewed against local and

regional priorities, thé).S.Coast Guardthe RRTs,and affected local Area Committeesn make

informed decisions about whether additional actions may be necessary for specific Wresksactions
couldincludemonitoring,an assessmertr a proactive removal of oihgain, for wrecks deemed to

present a relatively high risk, more detailed modeling of potential scenarios meonktessary prior to

any assessment or response actions

Distributions of RULET Wrecks by. GoastGuardDistrict

While the distribution of vessel casualties around the U.S. is pretty condiateifitystrated in EQ)

there are some distinct patterns that have emerged in the RULET project. Thtymfjbe casualties

arefrom the Battle of Alantic in 1942, during World War.IMost are found along the Atlantic Seaboard

and the Gulf of Mexico and were caswual timts. of t he
This reflects viere the majority of goods and material were being movedgltiis period.

Table 37 lists all the vessels and their final scores for the Worst Case Discharge and the Most Probable
Discharge volumed:igure 36 shows the distribution of the&cores for the 87 priority wrecksr the two
release scenarioBigure 37 shows the number of wrecks with known vs. unknown locatiod.By

Coast Guard Districkigure 38 shows the distribution of the 87 wrecks by the three levels dfitgriuy
U.S.Coast Guardistrict, for the two release scenari@sstricts 5 and 7 ha the most priority wrecks

for both release scenarios, reflecting the intensity of World Waaslbialties in the Battle of the Atlantic

For the Most ProbablBischarge scenario, most of the high priority wrecks are located in District 7.

58



Section 3: Consequence Analysis and Results: Getting to the Tradeoffs
|

Table 37: Overall results of the assessment for Worst Case Dig¢Clitgagd Most Probabiechargelhe
volume listed is the modeled volume.

WCD . .
Vessel Name Oil Type Volume WgD el MSP AL
(bbl) core core
Gulfstate Crude 86,000
Esso Gettysburg Crude 132,000
Francis E. Powell Light 93,000
R.W. Gallagher Heavy 86,000
Lubrafol Light 80,000
China Arrow Heavy 93,000
Norness Light 99,000
W.D. Anderson Crude 146,000
W.L. Steed Crude 78,000
Hamlet Crude 77,000
PanMassachusetts Light 116,000
George MacDonald Heavy 115,000
Joseph M. Cudahy Crude 90,000
William Rockefeller Heavy 150,000
Coimbra Light 29,000
Maiden Creek Heavy 9,000
Doris Kellogg Crude 60,000
Cities Service Toledo Crude 93,000
Diamond Knot Light 7,000
Drexel Victory Heavy 12,000
Halo Crude 71,000
Fernstream Light 13,000
USNS Mission San Mig Light 15,000
John Straub Heavy 13,000
Cornwat Heavy 10,000
Lancing Light 77,000
Norlavore Heavy 4,000
Paestum Heavy 12,000
Juan Casiano Heavy 7,000
Ohioan Heavy 11,000
Jacob Luckenbach Heavy 700
Puerto Rican Heavy 21,000
Larry Doheny Heavy 73000
Regal Sword Light 23,000
Gulfoil Light 55,000
Cities Service No. 4 Light 12,000
Bloody Marsh Heavy 118,000 14 14
Potrero Del Llano Heavy 8,000 14 12
Argo Crude 3,000 14 12
USS Neches (A Light 68,000 14 12
PanPennsylania Heavy 11,000 14 11
Allan Jackson Crude 81,000 14 11
Buarque Heavy 9,000 14 11
Marit Il Crude 84,000 14 11
Nordal Heavy 8,000 14 11
Venore Heavy 10,000 14 11
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Table3-7. Cont.
WCD . .
. WCD Final| MP Final
Vessel Name Oil Type V?glé:’)ne Score Score

Prins Willem V Light 3,000 14 11
Oregon Light 9,000 14 9
CO. Stillman Light 144,000 14 8
Oneida Heavy 5,000 13 12
Mormackite Heavy 6,000 13 12
Managua Heavy 5,000 13 12
Manzanillo Heavy 5,000 13 12
Norlindo Heavy 5,000 13 12
Cherokee Heavy 10,00 13 11
Cayru Heavy 14,000 13 11
Ljubica Matkovic Heavy 7,000 13 11
Pacbaroness Light 8,000 13 11
Camden Heavy 8,420 13 11
Mobile Point Light 4,000 13 11
India Arrow Light 94,000 13 10
Sheherazade Light 10,000 13 10
Empire Gem Heavy 2,000 12 12
Maine Electric Heavy 4,000 12 11
Northern Pacific Heavy 8,000 12 11
Swiftscout Heavy 4,000 12 11
Alcoa Puritan Heavy 10,000 12 11
Gulfstag Heavy 12,000 12 11
Robert E. Lee Heavy 7,000 12 11
Virginia Heavy 13,000 12 11
Gulfpenn Heavy 14,000 12 10
Ednund Fitzgerald Heavy 2,000 12 10
Monrovia Heavy 2,000 12 10
Aleutian Heavy 3,000 12 10
Panam Light 7,000 12 9
Tokai Maru Light 2,000 12 9
Taborfjell Heavy 3,000 11 11
Empire Knight Light 10,000 11 10
Stolt Dagali Light 15,000 11 10
Munger T. Ball Heavy 3,000 11 10
Coast Trader Heavy 7,000 11 10
Santiago de Cuba Heavy 3,000 11 9
Rawleigh Warner Heavy 3,000 11 9
Bunker Hill Heavy 2,000 11 9
Material Service Light 3,000 10 10
Panky Light 5,000 10 9
Vainqueur Light 5,000 9 8

Note: Colors indicag final priority rankingRed = High Priority; Yellow = Medium Priority; and Green = Low

Priority
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U.S. Coast Guard District 1

RULET July 2012 Final Scores
Final Score WCD/MP

® HH ! Cornwallis
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M/L

® UL
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Regal Sword
D
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B Oregon
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i ’Coimbra Qo 0F’an—Pennsylvania
Maiden Creek
D

Stolt Dagali
(D

Cayru
O

India Arrow
D

Name WCD Final Scor MP Final Score | USCG District
Norness 1
Coimbrg 13 1
Maiden Creek 13 1
Cornwallts 12 1
Regal Swottl 11 1*
Cities Service No. 4 10 1
PanPennsylvania 14 11 1*
Ore@n 14 9 1
Cherokee 13 11 1
Taborfjett 11 11 1
Empire Knigtit 11 10 1
Stolt Dagati 11 10 1

Note: Blue denotes WWII casualtiemndenotes confirmed locatiph denotes unconfirmed locatipn
remaining are unknown locatigrns® denotes foreigrflagged.
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U.S. Coast Guard District 5
?{T,‘.

RULET July 2012 Final Scores
Final Score WCD/MP
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Name WCD Final Scor¢ MP Final Score USCG District
Francis E. Powell 14 5
China Arrow 10 5
W.L. Steed 13 5
William Rockefeller 14 5
Lancintf 12 5
Norlavore 12 5
Paesturft 12 5
Allan Jackso 14 11 5
Buarque 14 11 5*
Marit 1 14 11 5
Nordat 14 11 5*
Venore 14 11 5
Oneida 13 12 5
Mormackite 13 12 5
Cayrti* 13 11 5
Ljubica Matkotic 13 11 5
India Arrow 13 10 5
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|

Name WCD Final Scor¢ MP Final Score USCG District
Empire Gerh 12 12 5
Marine Electric 12 11 5
Northern Pacific 12 11 5
Swiftscout 12 11 5
Panant 12 9 5*

Note: Blue denotes WWII casualtiegmndenotes confirmed locatiph denotes unconfirmed locatipn
remaining are unknown locatigns® denotes foreigrflagged.

U.S. Coast Guard District 7 1
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Section 3: Consequence Analysis and Results: Getting to the Tradeoffs

. Coast Guard District 71 U.S. Caribbean Islands

RULET July 2012 Final Scores
Final Score WCD/MP
® HH
H/M
H/L
M/M
M/L
L/L
— US EEZ
NMS Boundary

® ® 6 & ©

Name WCD Final Scorg MP Final Score | USCG District
Gulfstate 7
Esso Gettysburg 7
Lubrafét 7
W.D. Anderson 7
PanMassachusetts 7
George MacDonald 7
Joseph M. Cudahy 7
Doris Kellogg 7
Juan Casiario 7
Ohioan 7
Bloody Marsh 14 14 7
Potrero Del Llatio 14 12 7
Managud 13 12 7
Manzanift® 13 12 7
Norlindo 13 12 7
Munger T. Ball 11 10 7
Santiago de Cuba 11 9 7
Panky* 10 9 7*
CO. Sillman* 14 8 7

Note: Blue denotes WWII casualtimndenotes confirmed locatiph denotes unconfirmed locatipn
remaining are unknown locatigrs® denotes foreigrilagged.Gulfstateis in Bahamian waters but would
impact U.S. resources.
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U.S. Coast Guard District8 _

RULET July 2012 Final Scores 4
Final Score WCD/MP
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Name WCD Final Scor MP Final Score | USCG District
R.W. Gallagher 13 8
Hamlet* 13 8
Cities Service Toledo 13 8
Halo 14 8
Gulfoil 11 8
Sheherazatie 13 10 8
Alcoa Puritan 12 11 8
Gulfstag 12 11 8
Robert E. Lee 12 11 8
Virginia 12 11 8
Gulfpenn 12 10 8
Rawleigh Warner 11 9 8
Vainquett 9 8 8

Note: Blue denotes WWII casualtiemndenotes confirmed locatiph denotes unconfirmed locatipn
remaining are unknown locatigrns® denotes foreigrilagged.
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U.S. Coast Guard District 9

RULET July 2012 Final Scores
Final Score WCD/MP
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Name WCD Final Score, MP Final Score USCG District
Argo 14 12 9
Prins Willemy/ 14 11 9
Edmund Fitzgerald 12 10 9
Monrovid 12 10 9
Material Service 11 11 9

Note: Blue denotes WWII casualtimndenotes confirmed locatiph denotes unconfirmed locatipn
remaining are unknown locatigris® denotes foreigrilagged.Argo andEdmund Fitzgeraldire both in
Canadian waters but would impact U.S. resources.
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U.S. Coast Guard District 11

Name WCD Final Scorg MP Final Score | USG5 District
Fernstreath 13 11
Jacob Luckenbach 12 11
Puerto Rican 12 11
Pacbaroness 13 11 11

Note: Blue denotes WWII casualtiemndenotes confirmed locatiph denotes unconfirmed locatipt
denotes foreigflagged.
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