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Images of tanker Dixie Arrow portraying types of information used to assess pollution risk and construct risk 
assessment packages. Top left: Historical photograph of Dixie Arrow sinking. Bottom left: Historical USCG sinking 
assessment of Dixie Arrow depicting torpedo impact locations. Right: Underwater site of the shipwreck in its current 
condition off the coast of Cape Hatteras, North Carolina. 

 

  

Risk Assessment for Potentially 

Polluting Wrecks in U.S. Waters 

Distircyt 

 
March 2013 

  

  



   
 

 

 



Table of Contents 

i 

Table of Contents 
 

 

 

Acknowledgements  ....................................................................................................................... v 

Dedication ...................................................................................................................................... vi 

Executive Summary .................................................................................................................. ES-1 

Project Background ................................................................................................................................ ES-1 
Project Results and Summary ................................................................................................................ ES-3 

Section 1: Introduction 

Background ..................................................................................................................................................1 
Goals and Organization of this Report .........................................................................................................2 
Problem Definition/Framing the Issue...........................................................................................................3 
 History of Concern for Potentially Polluting Wrecks ...........................................................................3 
 Historical Context/Maritime Landscapes/Battle of the Atlantic  ..........................................................4 
Other Hazards from Wrecks .........................................................................................................................5 
 Non-petroleum Cargo ........................................................................................................................5 
 Munitions ...........................................................................................................................................6 
Legal Issues .................................................................................................................................................6 
Case Histories ï U.S.  ..................................................................................................................................7 
International Wreck Case Studies and Risk Assessment Approaches .......................................................11 
 Case Histories ï International ..........................................................................................................11 
 International Risk Assessment Efforts .............................................................................................12 

Section 2: Prioritizing Potentially Polluting Wrecks in U.S. Waters ......................................... 15 

Initial Wreck Screening Process .................................................................................................................15 
 Initial Screening Factors ..................................................................................................................15 
 Initial Screening Factors: Data Sources ...........................................................................................16 
Secondary Wreck Screening Process ........................................................................................................17 
 Archival and Historic Research ........................................................................................................17 
 Shipwreck Site Formation ................................................................................................................19 
 Corrosion and Age ...........................................................................................................................22 
Interpreting Sinking Records ......................................................................................................................24 
 Casualty Information ........................................................................................................................24 
 Wreck Condition and Salvage..........................................................................................................27 
Vessel Risk Factors ....................................................................................................................................27 
Pollution Potential Tree ..............................................................................................................................28 

Section 3: Consequence Analysis and Results: Getting to the Tradeoffs ............................... 35 

Use of Worst Case Discharge and Most Probable Discharge .....................................................................35 
Enviornmental Impact Modeling ..................................................................................................................36 
 Introduction ......................................................................................................................................36 
 Model Description ............................................................................................................................36 
 Vessels Modeled .............................................................................................................................37 



Table of Contents 

ii 

 Model Inputs ....................................................................................................................................43 
 Analysis of Results ..........................................................................................................................46 
 Model Limitations .............................................................................................................................48 
Risk Scoring and Ranking ...........................................................................................................................48 
 Probability vs. Consequences..........................................................................................................48 
  Ecological Resources at Risk (Eco RAR) ..........................................................................49 
  Socio-economic Resources at Risk (SRAR)......................................................................50 
 Water Column Impacts ....................................................................................................................53 
 Water Surface Impacts ....................................................................................................................54 
 Shoreline Impacts ............................................................................................................................54 
 Summaries of Risk Factor Scores ...................................................................................................55 
 Final Resources at Risk Score Determination .................................................................................56 
 Challenges and Limitations of Risk Assessment .............................................................................57 
 Distributions of RULET Wrecks by U.S. Coast Guard District .........................................................58 

Section 4: Considerations for Reducing the Risks of Potentially Polluting Wrecks 

 in the United States ..................................................................................................................... 74 

Factors Affecting Planning for Assessment and Removal Operations ........................................................75 
Wreck Assessment and Oil Removal ..........................................................................................................78 

 Tools and Technologies ...................................................................................................................78 
  Diving ........................................................................................................................................79 
  Remotely Operated Vehicles (ROVs) and Autonomous Underwater Vehicles (AUVs) ............79 
  Sonar Technology ....................................................................................................................80 
  Ultrasonic Thickness (UT) Hull Gauging ...................................................................................81 
  Neutron Backscatter .................................................................................................................83 
 Oil Removal Technologies ...............................................................................................................84 
  Hot Tapping ..............................................................................................................................84 
  Viscosity LoweringTechniques to Aid in Pumping ....................................................................84 
  Pumping ...................................................................................................................................84 
  Alternative to Removal:  Solidifiers ...........................................................................................85 
Environmental Compliance Issues ..............................................................................................................85 
Contracting Issues ......................................................................................................................................86 
Cost Considerations ....................................................................................................................................88 
 Introduction ......................................................................................................................................88 
 Cost Trends .....................................................................................................................................89 
 Trade-Offs ........................................................................................................................................92 

Section 5: Legal Considerations for Potentially Polluting Wrecks .......................................... 94 

Legal Issues ................................................................................................................................................94 
 Purpose and Scope .........................................................................................................................94 
 Domestic Laws ................................................................................................................................94 
  U.S. Marine Environmental Laws Addressing Potentially Polluting Vessels .............................94 
  U.S. Law Regarding Wrecked Vessels and Barges..................................................................95 
   Wreck Act and the Rivers and Harbors Act of 1899 ..........................................................95 
   Abandoned Barge Act .......................................................................................................96 
  U.S. Laws Protecting Historically Significant Vessels ...............................................................96 
   Federal Archaeology Program ...........................................................................................97 
   Abandoned Shipwreck Act and State Historic Preservation Laws .....................................98 
   Antiquities Act and Federally Protected Marine Areas ......................................................98 
   National Marine Sanctuaries Act .......................................................................................99 



Table of Contents 

iii 

  Public Vessels and Sovereign Immunity under U.S. Law ....................................................... 100 
   Public Vessels and Waiver of Sovereign Immunity ......................................................... 101 
   OPA's Retention of Sovereign Immunity ......................................................................... 103 
 Wrecked Public Vessels and Sovereign Immnity under International Law .................................... 103 
  Framework under the Law of the Sea Convention.................................................................. 103 
   Protection and Preservation of Marine Environment (Part XII) ........................................ 104 
   Prevention of Transboundary Pollution from Wrecked Vessels ....................................... 104 
   Warships and Other Public Vessels Subject to Sovereign Immunity ............................... 104 
  Other Conventions or Treaties Regarding the Salvage and/or Preservation of Wrecks ......... 105 
   The London Salvage Convention .................................................................................... 105 
   Nairobi Wreck Removal Convention ................................................................................ 106 
   UNESCO Convention on the Protection of the Underwater Cultural Heritage ................. 107 
  Practice of Nations in Regard to Wrecked Public Vessels and Sovereign Immunity .............. 108 

  Laws and Practice of Foreign Nations in Regard to Salvage and Recovery of  
  Their Sovereign Wrecks ......................................................................................................... 109 

   The United Kindgom ........................................................................................................ 109 
   Japan ............................................................................................................................... 110 
   Other Nations .................................................................................................................. 110 
 United States Law and Practice in Regard to Salvage and Recovery of U.S. Sovereign Wrecks ..... 111 
  Presidentôs Statement on Warships (2001) ............................................................................ 112 
  Sunken Military Craft Act ........................................................................................................ 114 

Section 6: Conclusions and Recommendations ...................................................................... 118 

Section 7: References Cited ...................................................................................................... 124 

Section 8: Appendices ............................................................................................................... A-1 

A: Wrecks Removed from the First Priority List  ........................................................................................ A-1 
B: International Risk Assessment Efforts .................................................................................................. B-1 
C: SIMAP Model Input Data Descriptions ................................................................................................. C-1 
D: Programmatic Agreement on Protection of Historic Properties ............................................................ D-1 
 
 

List of Figures 
 
Figure ES-1: The NOAA Resources and UnderSea Threats (RUST) database has over 30,000 targets,  
 including 20,000 vessels .............................................................................................................. ES-2 
Figure ES-2: The locations of the 87 priority wrecks addressed in this report ........................................... ES-4 
Figure ES-3: Map of the priority vessels in U.S. Coast Guard District 7 off Florida ................................... ES-9 
Figure ES-4: Map of the priority vessels in U.S. Coast Guard District 7 of the U.S. Caribbean islands ... ES-11 
Figure 1-1: RULET losses by cause, highlighting the large number of vessels lost due to war .......................5 
Figure 2-1: Shipwreck site formation processes help explain why vessels no longer remain intact...............20 
Figure 2-2: Number of vessels lost by year, highlighting vessels in RULET lost due to war-related causes .21 
Figure 2-3: Age of the 87 priority shipwrecks (in years as of 2012) in the RULET database .........................22 
Figure 2-4: Two of coupon samples from the SS Montebello prior to analysis ..............................................24 
Figure 2-5: Example of U.S. Coast Guard War Action Casualty Report for a tanker torpedoed ....................26 
Figure 2-6: Photomosaic of seemingly intact tanker E.M. Clark sunk by a German U-boat in 1942 ..............27 
Figure 2-7: U.S. Coast Guard Salvage Engineering Response Team SERT) developed this  
 Pollution Potential Decision Tree .....................................................................................................28 



Table of Contents 

iv 

Figure 2-8: The nine wrecks in the RULET database that are reportedly leaking ..........................................34 
Figure 3-1: Map of the clusters for U.S. Coast Guard District 1 and District 5 ...............................................39 
Figure 3-2: Map of the clusters for U.S. Coast Guard District 7 .....................................................................40 
Figure 3-3: Map of the clusters for U.S. Coast Guard District 8 (top) and District 9 (bottom) ........................41 
Figure 3-4: Map of the clusters for U.S. Coast Guard District 11 (top) and District 13 (bottom) ....................42 
Figure 3-5: Regression model for the William Rockefeller with a Worst Case Discharge of 150,000 bbl ......47 
Figure 3-6: Distribution of the final scores for the 87 priority wrecks, for both WCD (top) and 
 Most Probable Discharge (bottom) ..................................................................................................61 
Figure 3-7: Number of priority wrecks with known vs. unknown location by U.S. Coast Guard District .........61 
Figure 3-8: Distribution of the 87 priority wrecks by U.S. Coast Guard District ..............................................62 
Figure 4-1: Multibeam survey of SS Montebello ............................................................................................81 
Figure 4-2: Multibeam sonar image of SS Montebello ...................................................................................82 
Figure 4-3: High-resolution multibeam survey with visualization software of inverted tanker.........................82 
Figure 4-4: SS Montebello UT and neutron backscatter hull gauging locations .............................................83 
Figure 4-5: Cost of removal operations per barrel oil removed ......................................................................90 
Figure 6-1: Decision flow chart that could be used to determine whether to monitor, assess,  
 and/or remove oil from potentially polluting wrecks in U.S. Coast Guard Districts......................... 123 
 
 

List of Tables 
 
Table ES-1: Number of vessels in each priority category for the 87 priority wrecks for the  
 Worst Case and Most Probable Discharge volumes ................................................................... ES-3 
Table ES-2: Example of summary scoring for a RULET wreck .................................................................. ES-7 
Table ES-3: Overall results of the assessment for Worst Case Discharge (WCD) and  
 Most Probable Discharge (MP) .................................................................................................... ES-8 
Table ES-4: Final scores for the priority vessels in U.S. Coast Guard District 7 ...................................... ES-11 
Table 1-1: Domestic potentially polluting wreck remediation projects, listed by project year ...........................7 
Table 1-2: International submerged potentially polluting wrecks, listed by project year .................................11 
Table 1-3: Synopsis of international wreck risk assessment projects ............................................................13 
Table 1-4: Comparison of wreck risk assessment approaches ......................................................................14 
Table 2-1: Summary matrix for the vessel risk factors for the Halo ................................................................33 
Table 3-1: Summary of modeled wrecks and associated clustered vessels ..................................................38 
Table 3-2: Impact thresholds used to estimate consequences ......................................................................46 
Table 3-3: Descriptions of the ecological resources at risk considered in the consequence analysis............49 
Table 3-4: Descriptions of the socio-economic resources at risk considered in the consequence analysis...50 
Table 3-5: Sample risk factor score summary table for ecological and socio-economic resources at risk .....55 
Table 3-6: Summary statistics for the final category ranks of Low, Medium, and High priority  
 for the 87 wrecks .............................................................................................................................57 
Table 3-7: Overall results of the assessment for Worst Case Discharge and Most Probable Discharge .......59 
Table 4-1: Response options for potentially polluting wrecks ........................................................................74 
Table 4-2: Planning for risk factors ................................................................................................................76 
Table 4-3: Assessing cost factors of oil removal operations circa 2012 .........................................................89 
Table 4-4: Sample of oil removal operation costs ..........................................................................................91 
Table 6-1: Summary of recommendations from all RULET risk assessments ............................................. 121 
 

 



Acknowledgments 

v 

Acknowledgments 

 

Authors 

This report and the 87 separate detailed reports for the priority wrecks were prepared by the following: 

Lisa Symons, John Wagner, and James Delgado: NOAA Office of National Marine Sanctuaries 

Doug Helton: NOAA Office of Response and Restoration 

Ole Varmer, and Laura Gongaware: NOAA Office of General Counsel 

Jacqueline Michel, Jen Weaver, Chris Boring, Brant Priest, Joseph Holmes, and Wendy Early: Research  

 Planning, Inc. 

Dagmar Schmidt Etkin: Environmental Research Consulting 

 Debbie French McCay, Danielle Reich, Richard Balouskus, Jeremy Fontenault, Tatsu Isaji, Joseph  

  Mendelsohn, and Lisa McStay: Applied Science Associates Inc., dba RPS ASA. 

  

Peer Reviewers 

Government Reviewers  

Bureau of Ocean Energy Management:  Brian Jordan 

U.S. Coast Guard: Jonathan Abramson, Miguel Bella, Craig Bennett, Gregory Buie, LCDR Jerry 

Butwid, CAPT John Caplis, Timothy Eastman, Frank Esposito, William Grawe, CDR Jason Hamilton, 

Jennifer Mehaffey, Dale Murad, LT Phil Nail, Jeanmarie Nicholson, Robert Pond, Cornell Rosiu, Patrick 

Ryan, Steve Venckus, USCG SERT, Districts 1 & 5 

Department of the Interior, National Park Service:  Dave Anderson, Dave Conlin, Dan Odess, Meredith 

Hardy 

Department of State: Kevin Baumert, David Buchholz, Oliver Lewis 

Navy Supervisor of Salvage and Diving (SUPSALV): Stephanie Brown, Kemp Skudin  

National Oceanic and Atmospheric Administration:  Brad Barr and William Conner (ret.) 

 

Unaffiliated:   Alexis Catsambis, Ph.D., R.P.A. 

 

The authors want to thank those who contributed to this report through their peer review of the draft:  

 John Allen, Spill Control Association of America 

 American Salvage Association:   

 Dick Fredricks, Executive Director, American Salvage Association 

  Tim Beaver, President (Global Diving and Salvage) 

  Mauricio Garrido Immediate Past President (T & T Bisso) 

 Paul Hankin, Vice President (DonJon Marine) 

John Jenson, Ph.D., Sea Education Association, Woods Hole Oceanographic Institute 

 Ian MacDonald, Ph.D. Western Australian Museum 

 Jim Morris, OôBrienôs Response Management 

 Larry Murphy, Ph.D. Submerged Cultural Resource Consultants, LLC. 

 North American Marine Environmental Protection Association (NAMEPA) Board 

  Doug Martin, Board Member (Smit Americas) 

 Matt Skelhorn, United Kingdom, Ministry of Defense 

 

Suggested Citation:  

National Oceanic and Atmospheric Administation. 2013. Risk Assessment for Potentially Polluting 

Wrecks in U.S. Waters. National Oceanic and Atmospheric Administation, Silver Spring, MD. 127 pp + 

appendices. 



Dedication 

vi 

Dedication 

 

This document is dedicated to the late Mike Overfield, an underwater archaeologist in the NOAA Office 

of National Marine Sanctuaries from 2003-2009. Without Mike's work on the Resources and UnderSea 

Threats (RUST) database, his innovative and creativity in getting things done, his ability to find the 

resources to meet challenges and overcome obstacles, and his dogged determination, NOAA's work on 

the potentially polluting wrecks issue would not have been accomplished. Mike's tireless efforts during a 

time of personal medical trial were a testament to his dedication to NOAA and public service. Mike had a 

selflessness that engaged others to understand and support his vision. His effectiveness in fostering 

dialogue among archaeologists, salvors, spill response organizations and policy makers has helped all 

better understand the complex nature of this issue and provided an effective model for the current level of 

engagement. 

 
 

 
 

 



Executive Summary 

ES-1 

Executive Summary 

Project Background 
The past century of commerce and warfare has left a legacy of thousands of sunken vessels along the U.S. 

coast. The public has long been fascinated by shipwrecks because of their significance to history and 

culture. However, there is growing concern about their potential environmental impacts from eventual 

release of their cargo and fuel. Dozens of stories have been written about the problems associated with 

leaking World War II -era ships lost in both the Pacific and Atlantic Oceans. Although a few, such as the 

Mississinewa and the Jacob Luckenbach, are well-publicized oil pollution threats, most wrecks, unless 

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

they begin to leak, often becoming the source of ñmystery spillsò until the source is identified. 

 

Recent response efforts in the U.S. and elsewhere have led to interest from both government and the spill 

response and salvage industries to systematically identify, incorporate in regional and area contingency 

plans, investigate, and potentially offload the oil remaining onboard wrecks before they begin to leak. The 

Marine Technology Society published a special issue focused on underwater pollution threats (MTS, 

2004), and the 2005 International Oil Spill Conference (IOSC) commissioned an issue paper (Michel et 

al., 2005) that furthered the discussion. Much of the interest is because proactive removal of oil contained 

within a wreck can be planned and managed more cost-effectively than an emergency spill response. 

Equally important, proactive removal of the oil would avoid environmental and socio-economic 

consequences associated with a discharge from the vessel. The scope and scale of the issue as previously 

framed by the IOSC and others were overwhelming for state and federal response personnel without 

narrowing of focus to vessels that are of highest risk. 

 
Only a fraction of the estimated 20,000 shipwrecks in U.S. waters are likely to contain oil. Many older 

wrecks were coal-fired or sailing ships and never carried oil as fuel or cargo. 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 to navigation and intentionally destroyed. Others sank off the 

continental shelf and were never located. All have suffered from corrosion and the passage of time. 

 

The National Oceanic and Atmospheric Administration (NOAA) maintains a large database of 

shipwrecks, dumpsites, navigational obstructions, underwater archaeological sites, and other underwater 

cultural resources. This internal database, Resources and Undersea Threats (RUST), includes 

approximately 20,000 shipwrecks in U.S. waters (Figure ES-1). Given these numbers of wrecks in U.S. 

waters, it is crucial that archival research and risk assessment conducted for this study focus on methods 

to determine which wrecks are most likely to contain harmful quantities of oil. In order to narrow down 

the potential sites for inclusion into regional and area contingency plans, in 2010, Congress appropriated 

$1 million to identify the most ecologically and economically significant potentially polluting wrecks in 

U.S. waters. NOAA worked closely with the U.S. Coast Guard Office of Marine Environmental Response 

Policy in implementing this mandate. The Remediation of Underwater Legacy Environmental Threats 

(RULET) effort supported by these funds provides information that assists the U.S. Coast Guard and the 

Regional Response Teams (RRTs) as well as NOAA in prioritizing potential threats to coastal resources 

while at the same time assessing the historical and cultural significance of these nonrenewable cultural 

resources. 
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Figure ES-1: The NOAA Resources and UnderSea Threats (RUST) database has over 30,000 targets, including 

20,000 vessels.  

NOAA scientists and archaeologists analyzed data by searching a broad variety of historical sources on 

wrecks in U.S. waters using a tiered approach to develop a priority list of wrecks for further monitoring or 

assessment. They worked closely with the U.S. Coast Guard Salvage Engineering Response Team 

(SERT) to incorporate a salvage engineerôs perspective into the historical information gathered by 

NOAA. In addition, NOAA worked with Research Planning, Inc., RPS ASA, and Environmental 

Research Consulting to conduct modeling of potential oil spills from the priority wrecks to identify the 

ecological and socio-economic resources at risk. This report summarizes this oil pollution threat 

assessment process and scores vessels based on a broad multi-disciplinary, weight-of-evidence approach 

that combines the historical evidence, archaeological interpretation, and salvage engineering with 

pollutant fate modeling, and ecological and socio-economic 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 surveyed by remote sensing technologies, divers, or 

remotely operated vehicles, thus detailed information on their physical status and remaining contents is 

unknown. This combination of historic and scientific assessment methods helps reduce those uncertainties 

and provides a sound basis for evaluating shipwrecks for further assessment and response. As more 

information becomes available, these evaluations may change. 

Figure ES-1. The NOAA Resources and UnderSea Threats (RUST) database depicting over 20,000 vessels 
lost in U.S. waters.  
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Project Results and Summary 

A separate database, RULET, was created for the subset of wrecks in RUST with the highest potential to 

cause pollution. NOAA used a tiered approach to develop an initial priority list of vessels for risk 

assessment. Initial screening criteria, based on available data for each wreck, included vessels sunk after 

1891 (when U.S. vessels began conversion to 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 vessel. As a result of this initial screening, the RULET database narrowed down the 20,000 

vessels to 573 wrecks within the U.S. Exclusive Economic Zone (U.S. EEZ) that could pose a substantial 

oil pollution threat. Additional 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 hazards. The resources at risk 

assessments based on the pollution modeling further narrowed the list. NOAA developed a total of 87 risk 

assessment packages for consideration by U.S. Coast Guard Federal On-Scene Coordinators (FOSCs), 

RRTs, and Area Committees. Based on vessel contents, condition, environmental sensitivity , and other 

factors, NOAA has determined that 6 vessels are high priority for a Most Probable (10%) discharge, and 

36 are high priority for a Worst Case Discharge (Table ES-1). 

 
Table ES-1: Number of vessels in each priority category for the 87 priority wrecks for the Worst Case and Most 

Probable Discharge volumes. 

Category Rank No. Wrecks for Worst Case Discharge No. Wrecks for Most Probable Discharge 

High Priority 36 6 

Medium Priority 40 36 

Low Priority 11 45 

 

Most of these wrecks have not been surveyed for pollution potential; in some cases, little is known about 

their current condition. It is possible that some vessels that were removed from the list may prove to be 

pollution hazards. For example, if archival research suggested a vessel had been salvaged or destroyed 

and would no longer have any structural integrity, it was removed from the list. However, it is necessary 

to use the best information available to focus limited resources on the highest priority threats. 

 

To prioritize which vessels are candidates for further evaluation, NOAA used a series of vessel-related 

risk factors based on current knowledge and best professional judgment to assess physical integrity and 

pollution potential as well as other factors that may impact potential removal operations if such operations 

were undertaken. 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 cleared as a hazard to navigation 

or demolished; 4) if significant amount of oil was lost during 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; 2) depth; 3) 

visual or remote sensing confirmation of the site conditions; 4) if other hazardous materials were onboard; 

5) if munitions were onboard; and 6) if the wreck is of historic significance and will require appropriate 

actions to be taken under the National Historic Preservation Act and the Sunken Military Craft Act. Each 

factor was also assigned a data quality rating. At the end of the evaluation, each vessel was given an 

overall vessel risk score of High, Medium, or Low. After this third level of screening, 87 wrecks 
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remained on the priority list (shown in Figure ES-2) as vessels scored low were screened out. Appendix A 

lists the 486 wrecks removed from the priority list and a short statement on the basis for removal. 

 

 
Figure ES-2: The locations of the 87 priority wrecks addressed in this report. 
 

The next step was to use probabilistic computer models to assess the potential ecological and socio-

economic impacts if there was an oil release. Because 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 and cargo. In the few 

instances where fuel consumption rates were known before the environmental models were generated, the 

total bunker volumes were reduced to take into account the amount of fuel likely burned during the 

voyage. In most instances, however, this information was not known before the environmental models 

were generated, and the maximum bunker capacity was used to error on the conservative side. The 

models were run using five potential oil release scenarios (100, 50, 10, 1, and 0.1% of the known or 

estimated maximum total amount of oil onboard). 

 

Of the 87 priority vessels, 47 (54%) have unknown or unconfirmed locations; ñunconfirmedò locations 

includes vessels where divers have reported finding a ship but definitive identification of the shipwreck 

has not yet occurred. There are numerous instances of vessels being misidentified, particularly in areas 

where several vessels of similar size and age were lost. In these cases, the last known reported positions 
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were used for modeling purposes. Wind and current records at and around the wreck site of interest were 

compiled into the oil spill models to help determine the potential range of distances and directions that 

these hypothetical oil spills might travel from the wreck site. These long-term wind and current records 

were sampled at random and model runs were performed for each of 200 selected spill dates and times. 

This set of random dates/times represents the potential environmental conditions that could occur during a 

release. The model results predicted the volumes of water that might be exposed, areas of water surface, 

and lengths and types of shoreline above effects thresholds for each modeled wreck. 

 

Regression curves based on five different potential spill volumes for the modeled wreck were used to 

quantify the potential impacts to: 1) water column resources; 2) water surface resources, and 3) shoreline 

resources. It was not feasible to conduct individual computer model simulations of all 87 of the priority 

wrecks due to limited time and financial resources. Therefore, ñclustersò of vessels within a reasonable 

proximity and with similar oil types were created. The wreck with the largest potential amount of oil 

onboard was selected for modeling of oil release volumes, and the results were used as surrogates for the 

other vessels in the cluster. To support contingency planning efforts, scores characterizing the scope and 

scale of potential ecological and socio-economic resource impacts are provided for two of the modeled 

volumes: the Worst Case Discharge (WCD; 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 

socio-economic impacts, as illustrated in Table ES 2. 

 

As shown in Table ES 2, to develop an overall risk score for each spill scenario for each wreck, the six 

component scores from the modeling were added with the score generated from the overall analysis of the 

pollution potential factors. Confidence in the data quality is also noted for each score. The total scores 

were used to assign a final priority to each wreck under both the Worst Case and Most Probable 

Discharge scenarios. Table ES-1 shows the distribution of the final risk scores, and Table ES-3 lists the 

87 vessels and their final scores. Nine of these vessels were initially reported as leaking or known to have 

visible oil in overhead spaces that number changed over time with vessels being taken out of the database 

(e.g. a coal fired vessel with a vehicle and fuel drum deck cargo) and others added. 

 

Most wrecks that have been identified in U.S. waters to date are thought to have little to no recoverable 

oil or represent relatively minor threats. However, a small number may contain hundreds of thousands of 

barrels (bbl) of oil and could become ecological and socio-economic threats. Selecting any of these 

vessels for proactive response will require further analysis including more detailed spill trajectory studies 

and monitoring or oil removal feasibility studies. While the salvage industry and oil spill response 

organizations have demonstrated great advancements in underwater oil removal technologies, in many 

cases the best alternative may not be removal of oil, but rather to 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, the U.S. Coast Guard, RRTs, and local Area Committees have the 

primary authority and responsibility to plan, prepare for, and respond to oil spills in U.S. waters. Based on 

review of available information and its role as a resource trustee, NOAA makes recommendations for 

each of the 87 wrecks in separate, detailed reports, ranging from inclusion of the wreck in the Area 

Contingency Plan (so that if a mystery spill is reported in the general area, the vessel could be 

investigated as a source) to implementation of an active monitoring plan, or consideration of the site for 
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an in-water assessment. NOAA also recommends that outreach efforts be conducted with 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 general area where the vessel is believed lost. These 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 1990. As 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 2: Example of summary scoring for a RULET wreck. 

Vessel Risk Factors 
Data 

Quality 
Score 

Comments 
Risk 
Score 

Pollution 
Potential 
Factors  

A1: Oil Volume (total bbl) Medium Maximum of 93,000 bbl, not reported to be leaking 

Med 

A2: Oil Type High Cargo is crude oil, a Group III oil type 

B: Wreck Clearance High Vessel not reported as cleared 

C1: Burning of the Ship High Significant fire reported 

C2: Oil on Water High Oil was reported on the water; amount is not known 

D1: Nature of Casualty High Multiple torpedo detonations, explosion 

D2: Structural Breakup  High Vessel remains in one contiguous piece 

Archaeological 
Assessment 

Archaeological Assessment High 
Detailed sinking records and site reports of this ship 
exist, assessment is believed to be very accurate 

Not 
Scored 

Operational 
Factors 

Wreck Orientation High Inverted (turtled) 

Not 
Scored 

Depth High 90 feet 

Visual or Remote Sensing 
Confirmation of Site Condition 

High Location has been surveyed 

Other Hazardous Materials 
Onboard 

High No 

Munitions Onboard High Munitions for onboard weapons 

Gravesite (Civilian/Military) High Yes 

Historical Protection Eligibility 
(NHPA/SMCA) 

High NHPA and possibly SMCA 

  WCD 
Most 

Probable 

Ecological 
Resources 

3A: Water Column Resources High 
Nearshore habitats which are important 
spawning areas at greatest risk of impact 

Med Med 

3B: Water Surface Resources High 

Slicks could cover large areas with 
abundant wintering waterfowl, sea turtles 
concentrated in Sargassum mats where 
oil also tends to concentrate, and 
spawning habitat for many fish/shellfish 

High Med 

3C: Shore Resources High 

Shoreline resources include wetlands 
which are difficult to clean and under 
long-term decline, large bird nesting 
colonies, turtle nesting beaches, nursery 
areas for many fish and shellfish, and 
wintering habitat for listed bird species 

High Med 

Socio-
Economic 
Resources 

4A: Water Column Resources High 
Moderate water column impact in 
important fishing grounds 

Low Low 

 
4B: Water Surface Resources High 

Relatively large impact in important 
shipping lanes and fishing areas 

High Med 

4C: Shore Resources High 
Moderate shoreline oiling would occur in 
areas with important resources 

Med Med 

Summary Risk Scores  16 13 
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Table ES-3: Overall results of the assessment for Worst Case Discharge (WCD) and Most Probable Discharge (MP). 

Vessel Name Oil Type 
WCD 

Volume 
(bbl) 

WCD Final 
Score 

MP Final 
Score 

Gulfstate Crude 86,000 20 17 

Esso Gettysburg Crude 132,000 18 16 

Francis E. Powell Light 93,000 18 14 

R.W. Gallagher Heavy 86,000 18 13 

Lubrafol Light 80,000 18 12 

China Arrow Heavy 93,000 18 10 

Norness Light 99,000 17 15 

W.D. Anderson Crude 146,000 17 15 

W.L. Steed Crude 78,000 17 13 

Hamlet Crude 77,000 17 13 

Pan-Massachusetts Light 116,000 17 12 

George MacDonald Heavy 115,000 16 15 

Joseph M. Cudahy Crude 90,000 16 15 

William Rockefeller Heavy 150,000 16 14 

Coimbra Light 29,000 16 13 

Maiden Creek Heavy 9,000 16 13 

Doris Kellogg Crude 60,000 16 13 

Cities Service Toledo Crude 93,000 16 13 

Diamond Knot Light 7,000 16 13 

Drexel Victory Heavy 12,000 16 12 

Halo Crude 71,000 15 14 

Fernstream Light 13,000 15 13 

USNS Mission San Miguel Light 15,000 15 13 

John Straub Heavy 13,000 15 13 

Cornwallis Heavy 10,000 15 12 

Lancing Light 77,000 15 12 

Norlavore Heavy 4,000 15 12 

Paestum Heavy 12,000 15 12 

Juan Casiano Heavy 7,000 15 12 

Ohioan Heavy 11,000 15 12 

Jacob Luckenbach Heavy 700 15 12 

Puerto Rican Heavy 21,000 15 12 

Larry Doheny Heavy 73,000 15 12 

Regal Sword Light 23,000 15 11 

Gulfoil Light 55,000 15 11 

Cities Service No. 4 Light 12,000 15 10 

Bloody Marsh Heavy 118,000 14 14 

Potrero Del Llano Heavy 8,000 14 12 

Argo Crude 3,000 14 12 

USS Neches (AO-5) Light 68,000 14 12 

Pan-Pennsylvania Heavy 11,000 14 11 

Allan Jackson Crude 81,000 14 11 

Buarque Heavy 9,000 14 11 

Marit II Crude 84,000 14 11 

Nordal Heavy 8,000 14 11 

Venore Heavy 10,000 14 11 

Note:  Colors indicate final priority scoring. Red = High Priority; Yellow = Medium Priority; and Green = Low 

Priority  
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Table ES-3: Cont. 

Vessel Name Oil Type 
WCD 

Volume 
(bbl) 

WCD Final 
Score 

MP Final 
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 5,000 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 

Empire 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 

Gulfpenn 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 5,000 9 8 

Note:  Colors indicate final priority scoring. Red = High Priority; Yellow = Medium Priority; and Green = Low 

Priority 
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The distribution and final scores for the priority wrecks in each U.S. Coast Guard District have been 

plotted on maps and summarized in tables in Section 3. The maps and table for U.S. Coast Guard District 

7 are shown in Figures ES-3 and ES-4 and Table ES-4, as examples. 

 

U.S. Coast Guard District 7 ï Florida 

 
Figure ES-3: Map of the priority vessels in U.S. Coast Guard District 7 off Florida. All District maps are in Section 3. 
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U.S. Coast Guard District 7 ï U.S. Caribbean Islands 

 
Figure ES-4: Map of the priority vessels in U.S. Coast Guard District 7 off the U.S. Caribbean islands. Maps for all 

Districts are in Section 3. 

 

Table ES-4: Final scores for the priority vessels in U.S. Coast Guard District 7. Tables for all Districts are in Section 3. 

Name WCD Final Score MP Final Score USCG District 

Gulfstate 20 17 7 

Esso Gettysburg 18 16 7 

Lubrafol** 18 12 7 

W.D. Anderson 17 15 7 

Pan-Massachusetts 17 12 7* 

George MacDonald 16 15 7 

Joseph M. Cudahy 16 15 7 

Doris Kellogg 16 13 7 

Juan Casiano** 15 12 7 

Ohioan 15 12 7 

Bloody Marsh 14 14 7 

Potrero Del Llano** 14 12 7 

Managua** 13 12 7 

Manzanillo** 13 12 7 

Norlindo 13 12 7 

Munger T. Ball 11 10 7 

Santiago de Cuba** 11 9 7 

Panky 10 9 7* 

C.O. Stillman** 14 8 7 

Note:  Blue denotes WWII casualties; tan denotes confirmed location; * denotes unconfirmed location; remaining 

are unknown locations; ** denotes foreign flagged. 
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SECTION 1: INTRODUCTION 

Background 

The past century of commerce and warfare has left a legacy of thousands of sunken vessels along the U.S. 

coast. The public has long been fascinated by shipwrecks because of their significance to history and 

culture. However, there is growing concern in their potential environmental impacts from eventual 

release
1
 of their cargo and fuel. Dozens of stories have been written about the problems associated with 

leaking World War II era ships lost in both the Pacific and Atlantic Oceans. Although a few, such as the 

Mississinewa and the Jacob Luckenbach, are well-publicized oil pollution threats, most wrecks, unless 

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

they begin to leak, often becoming the source of ñmystery spillsò until the source is identified. 

 

While proactive response to an oil-laden wreck is in most cases, more cost effective than an uncontrolled 

spill, only a fraction of the 20,000 shipwrecks in U.S. waters are likely to contain oil. Many older wrecks 

were coal-fired 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 to navigation 

and were intentionally destroyed. Others sank off the continental shelf and were never located in the deep 

ocean. All have suffered from corrosion and the passage of time. 

 

The National Oceanic and Atmospheric Administration (NOAA) maintains a large database of 

shipwrecks, dumpsites, navigational obstructions, underwater archaeological sites, and other underwater 

cultural resources. The Resources and Undersea Threats (RUST) database includes approximately 30,000 

targets of which 20,000 are shipwrecks in U.S. waters. Given these numbers, it was crucial that the 

archival research and risk assessment conducted for this study focus on wrecks that are most likely to 

contain harmful quantities of oil. To narrow down the potential sites for inclusion into regional and area 

contingency plans, in 2010, Congress appropriated $1 million to develop a list of the most ecologically 

and economically significant potentially polluting wrecks in U.S. waters. NOAA worked closely with the 

U.S. Coast Guard Office of Marine Environmental Response Policy in implementing this mandate. The 

Remediation of Underwater Legacy Environmental Threats (RULET) project assists the U.S. Coast Guard 

and the Regional Response Teams (RRTs), as well as NOAA, in prioritizing potential threats to 

ecological and socio-economic resources while at the same time assessing the historical and cultural 

significance of these nonrenewable cultural resources. 

 

NOAA scientists and archaeologists analyzed data from a broad variety of historical sources relating to 

wrecks in U.S. waters, using a tiered approach to develop a priority list of wrecks for further monitoring 

or assessment. NOAAôs team worked with the U.S. Coast Guard Salvage Engineering Response Team 

(SERT) to incorporate a salvage engineerôs perspective into the historical information. In addition, 

NOAA contracted with Research Planning, Inc., RPS ASA, and Environmental Research Consulting to 

                                                 

 
1
 In 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-

economic resources at risk. 

Goals and Organization of this Report 

The intent of this report is to provide a current assessment of the threat of oil pollution from potentially 

polluting wrecks in U.S. waters, and to substantially update the position paper on potentially polluting 

wrecks that was done for the 2005 International Oil Spill Conference (Michel et al., 2005). Details of 

individual wrecks are supplied in a series of separate, detailed companion reports that are available via the 

web from NOAA and the U.S. Coast Guard. 

 

Only wrecks within or likely to affect the U.S. EEZ and territorial waters are considered here. Two 

vessels in the Great Lakes and one off the coast of Florida, all just over the international boundaries, were 

the exceptions as they have significant potential for impact to U.S. resources. While NOAA focused on 

U.S. waters, this document may be useful for other countries concerned with potentially polluting wrecks 

in their waters. The report provides an understanding of the context, methods, and results of the multi-

disciplinary risk assessment process that may be applicable for other jurisdictions facing similar issues. 

Like many other risk assessments of potentially polluting wrecks, NOAAôs team often had to make 

assumptions regarding the status of the vessels in question. However, the broad and multi-disciplinary 

approach of this analysis allowed the team to develop pragmatic assessments that can be incorporated into 

area and regional spill response contingency plans by the U.S. Coast Guard. The intent of the risk 

assessment is to support U.S. Coast Guard Federal On-Scene Coordinatorôs (FOSCs), RRTs, and local 

Area Committees in their decision making about the need to initiate monitoring, assessment, or 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. This report and ranking effort are focused 

on submerged wrecks. Although modern abandoned and derelict vessels along the shoreline and in 

shallow water are a significant issue, they are not addressed beyond a couple of examples. (In a parallel 

effort, the U.S. National Response Team is developing a Technical Assistance Document that is intended 

to provide best practices for dealing with derelict and abandoned vessels.) Section 1 also provides a 

summary and analysis of the risk factors for the separate detailed reports for the 87 priority wrecks. 

 

Section 2 includes a detailed discussion of the iterative screening process used by the project team, 

explaining the identification of criteria and how the process was narrowed down with additional research. 

It also contains an assessment of the challenges and limitations of the accessible historical information. 

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

that help to provide understanding and context of how a ship becomes a shipwreck and what typically 

happens over time as a wreck deteriorates. 

 

Section 3 analyzes consequences of potential spills using pollution trajectory models based on 

assumptions on the volume and oil type. Potential release volumes were based on available records, 

number of days underway, and information available about individual casualties, whether from collision, 

weather, or war. It was not feasible to model all 87 priority wrecks with the available time and financial 

resources, so vessels were clustered by oil type in oceanographically similar areas. Generally, the vessel 
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within a cluster with the largest potential volume was modeled and regressions were used to derive 

information for the clustered vessels. Regardless of whether a vessel was individually modeled or is 

represented within a cluster, vessel-specific modeling that reflects current operational conditions would 

be necessary prior to on-site assessment or recovery activities. Modeling was only done for oil, not other 

hazardous cargos such as the mercury onboard the 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 concerns, other hazards associated with an individual wreck are listed where 

known. Arguably, for some vessels with other hazardous 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 socio-economic resources at risk information were based on modeling outputs and were 

provided for each vessel. Scores for each of the elements of the assessment were compiled, allowing the 

team to determine a High, Medium, or Low score for each vessel for both the Worst Case Discharge 

(maximum volume onboard) and the Most Probable Discharge (10% of this maximum volume). 

 

Section 4 addresses U.S. developments in the understanding of this issue, a characterization of current 

state-of-the-art assessment and survey technologies, and recovery techniques. It also discusses 

monitoring, assessment, and response alternatives and operational issues that are important for decision 

makers to understand for reducing overall risk from potentially polluting wrecks. 

 

Section 5 is a summary of legal issues, presented primarily from the U.S. national perspective, although 

some international authorities are also addressed. 

 

Section 6 provides the overall recommendations and conclusions regarding next steps for monitoring, 

assessment, and response to the most significant potentially polluting wrecks, including those with 

known, unconfirmed, and unknown locations. This section provides a summary of NOAAôs 

recommendations for assessment and potential pollution recovery, as well as identifying priorities for 

surveys of opportunity for monitoring and identification of vessels with unknown or unconfirmed 

locations. 

Problem Definition/Framing the Issue 

History of Concern for Potentially Polluting Wrecks 

Recent response efforts in the U.S. and elsewhere have led to interest from both government and industry 

to systematically identify, investigate, and potentially offload the oil remaining onboard wrecks before 

they begin to leak. The Marine Technology Society published a special journal volume focused on 

underwater pollution threats (MTS, 2004), and the 2005 International Oil Spill Conference commissioned 

an issue paper (Michel et al., 2005) that furthered the discussion. Much of the interest is because proactive 

removal of oil contained within a wreck can potentially be planned and managed more cost-effectively 

than an emergency spill response. Equally important, proactive removal of the oil would avoid the 

environmental and socio-economic consequences associated with a discharge from the vessel. 
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Since these reports were published, several leaking or high-risk wrecks in the U.S. have been investigated 

and, when appropriate, remediated (see Section Case Histories ï U.S.). Internationally, there have been a 

number of efforts 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. Therefore, with the technological limitations 

decreasing, the greatest remaining limitations are identification of priority threats and funding. It is 

through risk assessments, such as this study, that those vessels posing the greatest risk can be identified 

and prioritized. 

Historical Context/Maritime Landscape/Battle of the Atlantic  

Although many ships have wrecked in U.S. waters, most of these wrecks occurred before the use of oil as 

a fuel source or as a commonly carried cargo and do not present an oil pollution threat to the environment. 

As a result, the number of wrecks in U.S. waters that potentially contain oil is far less than the total 

number of vessels lost along the U.S. coast. The vast majority of potentially polluting shipwrecks lost in 

U.S. waters can be tracked to a four-year period between 1941 and 1945 when Japanese and German 

submarines sought to destroy tankers and freighters along the relatively undefended U.S. coasts.  

  

After the Japanese attack on Pearl Harbor on December 7, 1941, the U.S. entered into World War II and 

declared war on Japan and Germany, setting in motion a widespread maritime conflict along the entire 

seaboard of North America. German U-boat raiders attacked merchant shipping off the East Coast with 

astonishing success, and the destruction that ensued came to be known as the ñAmerican turkey shoot,ò 

with nearly 200 merchant vessels sunk between January and April of 1942 (Cheatham, 1990). 

  

 
 

Inaugurated by Germanyôs initial offensive, code named ñOperation Paukenschlag,ò this ñAtlantic Pearl 

Harborò was the prelude to nearly five months of unchecked German commerce raiding (Gannon, 1990) 

on the East Coast. By the end of August 1942 alone, German submarines had attacked and sank 285 

vessels in North American waters while losing only seven of their own and the Japanese had sunk a 

smaller number of vessels off the West Coast. Allied losses off Cape Hatteras, North Carolina were so 

numerous that the area known as the ñGraveyard of the Atlanticò was being called a new name by the 

freighter and tanker crews: ñTorpedo Junctionò (Hickam, 1989). 

  

As the merchant ships continued to be sunk, large amounts of oil and debris began to wash ashore, 

alerting coastal residents of the proximity of World War II to American soil. Despite the increasing loss 

America is the largest enemy ship builder. The shipbuilding industry area 

lies in the eastern states and it, and the industries connected with it, relies 

considerably on oil fuel. The main American oil area lies on the Gulf of 

Mexico, and for this reason the larger part of the American tanker tonnage 

used in the coastal traffic is from the oil fields to the industrial areaé 

 

From a report from Karl Doenitz, the Befehlshaber der U-Boote 

(supreme commander of the German Navy), to Hitler in July 1942 

detailed his thoughts about how he saw the U-boat affecting the 

American home front. 
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of ships offshore, American cities kept their lights illuminated as they had during 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 attacks in U.S. waters slowed, and U.S. waters became safer 

to traverse without pressing concern of confrontation with enemy submarines. However, U-boats 

continued to harass and sink vessels off the Atlantic coast into the spring of 1945. 

  

Although other ships have been lost in U.S. waters carrying oil and have been incorporated into this 

study, World War II resulted in the majority (53 of the 87) of the shipwrecks in the final list (Figure 1-1). 

Many of these shipwrecks have a place in our history and heritage as they represent the struggle to keep 

vital war supplies flowing domestically and overseas. They should be regarded not merely as potentially 

polluting shipwrecks, but as historical resources that may contain munitions, bunker fuel, and polluting 

cargos. Many of these shipwrecks are also gravesites. As such, in addressing potential threats to the 

environment, the World War II wrecks may raise a number of additional interests of history and culture 

that need to be considered in planning and execution of any assessment and recovery activities. 

 
Figure 1-1: RULET losses by cause, highlighting the large number of vessels lost due to war-related causes during 

World War II. 

 

Other Hazards from Wrecks 

Non-petroleum Cargo 

This assessment is focused on oil pollution, but oil is 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 different chemicals and hazardous materials are shipped in bulk on 

ocean-going vessels. Much of the concern about hazardous cargos focuses on persistent substances, such 

as mercury, that are not soluble in seawater and not biodegradable, but are known to cause chemical 

contamination of the food chain. These contaminants may confound or complicate underwater salvage 

operations. For example, the M/V Empire Knight, a British freighter that struck an underwater ledge, split 

in two, and sunk in a blizzard off the Maine coast in December 1944, had 221 flasks of mercury in its 

war-time cargo. Because of the hazardous mercury cargo, the U.S. Coast Guard has declared a Permanent 

Safety Zone around this wreck site where dredging, diving, salvaging, anchoring, and fishing are 

prohibited. The U.S. Coast Guard has implemented a monitoring program for this site to evaluate 

potential impacts of the mercury in the surrounding environment. 

 

More recently, the freighter Pacbaroness sank near the Channel Islands off the California coast in 1987 in 

over 1,400 feet of water with a cargo of 21,000 metric tons of finely powdered copper concentrate. The 

vessel was also carrying 8,080 bbl of fuel oil and 238 bbl of lubricating oil when it sank. Initial 

investigations indicated that approximately 476 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 may also contain munitions, including explosives and 

chemical warfare agents, which may pose a continued threat because of their chemical composition. 

Munitions can be found in major quantities in every ocean in the world, including many lakes, rivers, and 

inland waterways. Some were dumped intentionally to dispose of obsolete armaments after armed 

conflicts; others, when the vessels carrying them were lost. The number, types, and potential risks of 

munitions found at these dump sites or on vessels vary greatly, but are generally characterized as either 

conventional (high explosive filled), chemical, or radiological hazards. Underwater munitions are of 

concern as they can affect sensitive coastal and marine ecosystems, including waters containing 

subsistence and commercially harvested marine products, and create hazards for fishermen trawling or 

using other types of bottom gear. Discarded munitions are also a potential concern for mineral, oil, and 

gas exploration and extraction. However, this report does not specifically address underwater military 

munitions. The individual 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 by the military as 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 threat to the marine 

environment, a number of legal issues may arise under U.S. and international law. The Oil Pollution Act 

of 1990 is the primary authority in the cleanup of oil-laden wrecks. However, there are also laws that 

protect heritage resources in discreet marine protected areas such as National Parks, National Monuments, 

and National Marine Sanctuaries; those laws and policies may also provide protections for historic 

shipwrecks outside of federal marine protected areas. These laws are summarized in Section 5. The 

overview in Section 5 also addresses domestic and international laws regulating the treatment of 

sovereign immune vessels, such as warships and other non-commercially operated government-owned 
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vessels. The policies regarding these vessels may impact the manner in which cleanup operations may be 

conducted and the issues that arise because many wrecks are also gravesites. An overview of these laws 

and issues is set out to provide a legal context for the issue. It is not intended to be a comprehensive 

analysis or legal advice because such an analysis should be conducted on a case-by-case basis by the 

appropriate legal counsel in the agency with authority to implement particular statutes or agreements. 

Case Histories ï U.S. 

Recent spills from sunken wrecks have heightened concerns about the potential environmental hazards 

posed by shipwrecks. Over the past decade a number of wrecks have been investigated, found intact, and 

been remediated, but other wrecks, long believed to be intact and potentially oil laden, were found to be 

empty. Recent wreck remediation projects in U.S. waters include examples from the Atlantic, Pacific, 

Alaska, and Oceania. In this section, short summaries of survey and removal actions for these recent case 

histories are provided. Most of these case histories involve long-sunken 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 1-1. 

 

Table 1-1: Domestic potentially polluting wreck remediation projects, listed by project year. HFO = heavy fuel oil. 

Vessel Name 

(Year of Sinking) 

Project 
Year 

Location Action 
Quantity 
Removed 

(bbl) 

Cargo/Bunker 

Type 

Water 
Depth 

(ft) 

Tenyo Maru, 1991 1991 Washington Partial Removal 620 Diesel 540 

Cleveco, 1942 1995 Ohio Removal 8,095 HFO 72 

Union Faith, 1969 1999 Louisiana Partial Removal 400 HFO 125 

Ehime Maru, 2001 2001 Hawaii Partial Removal 665 Diesel 2,000 

Jacob Luckenbach, 1953 2002 California Partial Removal 2,380 HFO 178 

Mississinewa, 1944 2003 Yap Removal 42,860 Navy Special Oil, Diesel 130 

Roy A. Jodrey, 1974 2003 New York Partial Removal 143 HFO 200 

Bow Mariner, 2004 2004 Virginia Potential Removal 0 HFO, Diesel 265 

Palo Alto, 2004 2006 California Removal 12 HFO Surface 

Catala, 1965 2007 Washington Removal 820 HFO Surface 

William Beaumont, 1971 2009 Texas Removal 380 HFO 40 

Ex- USS Chehalis, 1949 2010 Am. Samoa Removal 1,430 Gasoline 160 

Princess Kathleen, 1952 2010 Alaska Removal 2,620 HFO 134 

William McAllister, 1963 2011 New York Removal 5 Diesel 160 

Montebello, 1941 2011 California Potential Removal 0 Crude/, HFO 900 

Davy Crockett, 2011 2011 Washington Removal 914 HFO Surface 

 
Tenyo Maru: On July 22, 1991, the Chinese freighter Tuo Hai collided with the Japanese fishing vessel 

Tenyo Maru approximately 25 miles northwest of Cape Flattery, off the northern coast of Washington 

State, and a short distance north of the United States-Canada border. The Tenyo Maru quickly sank in 

about 540 feet of water. As it sank, the vessel began releasing approximately 8,450 bbl of intermediate 

fuel oil and 2,330 bbl of diesel. The resulting slick was carried south and east by currents and winds and 

ultimately affected much of the Washington and a portion of the Oregon coast. The vessel leaked for 

several weeks. In August 1991, a remotely operated vehicle (ROV) was used to insert a hose through a 

porthole and recover approximately 620 bbl of diesel, but most of the fuel was believed to have been lost 

during or shortly after the sinking. 
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Cleveco: On December 3, 1942, the 260-ft tank barge Cleveco was being towed by the tug Admiral on 

Lake Erie in the Great Lakes when the tug and barge foundered in a severe storm. The Cleveco, loaded 

with about 28,600 bbl of No. 6 fuel oil, capsized and sank in 30 feet of water six miles north of Euclid, 

Ohio. The barge lost some of its cargo when it sank, and the barge became the source of periodic oil 

sheens, but no response actions were taken. In 1959, a deep-draft vessel struck the barge, causing an 

additional release. Because of the hazard to navigation, efforts were made in 1961 to raise and scrap the 

barge, but the barge could not be kept afloat, and 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 in ten of the twelve cargo tanks. A recovery operation in late summer of 

1995 removed approximately 8,095 bbl of heavy fuel oil (Davin and Witte, 1997). 

 

SS Union Faith: On April 6, 1969, the 503-ft Taiwanese freighter SS Union Faith collided with a tank 

barge being pushed by the towboat Warren J. Doucet in the Mississippi River near New Orleans, 

Louisiana. The Union Faith caught fire and later sank in the river. Twenty-five crewmembers, including 

all of the personnel on the bridge at the time of the collision, were killed and went down with the ship in 

approximately 125 feet of water. Salvage divers removed the masts and superstructure to reduce the 

hazard to navigation, but the wreck, containing 6,000 bbl of bunker fuel, was left and became buried in 

the river sediments. In 1999, after a number of oil releases along the New Orleans waterfront, Union 

Faith was identified as the probable source and the U.S. Coast Guard hired a contractor to locate and 

remediate the wreck. Approximately 400 bbl of fuel were removed (Long, 2001). 

 

Ehime Maru: On February 9, 2001, the submarine USS Greeneville surfaced and collided with the 

Japanese fishery high school training ship Ehime Maru off of Oahu, Hawaii. The Ehime Maru sank 

quickly in 2,000 feet of water, killing nine crewmembers. The vessel had just refueled and was carrying at 

least 1,550 bbl of diesel. In October 2001 the Ehime Maru was lifted and moved to shallow water near 

Oahu were the remains of the victims were recovered. A full environmental response was staged 

including equipment for tapping into the tanks, but very little oil remained on board; 665 bbl were 

removed. The Ehime Maru was then scuttled in 6,000 feet of water. A light, non-recoverable sheen was 

released during the salvage operation (http://www.supsalv.org/pdf/March2002.pdf). 

 

SS Jacob Luckenbach: The SS Jacob Luckenbach is an often-cited example of a potentially polluting 

wreck and a landmark in the development of underwater assessment and removal technologies. On July 

14, 1953, the 469-ft freighter SS Jacob Luckenbach collided with the SS Hawaiian Pilot, and sank in 178 

feet of water, approximately 17 miles west-southwest of San Francisco, CA, in the Gulf of the Farallones. 

In 2002, the decaying wreck of Jacob Luckenbach was identified as the source of mysterious, recurring 

oil spills that had occurred along the coast for nearly 30 years. Cumulatively these spills killed thousands 

of seabirds and other marine life along Californiaôs coast (Luckenbach Trustee Council, 2006). In 2002, 

the U.S. Coast Guard contracted a salvor to assess, locate, and remove the remaining oil from the hull. 

The assessment included development of a 3-D model of the vessel. Some oil remained in the tanks, but 

much of the oil had migrated extensively within the wreck via corroded vents and piping, and oil was 

found in over 30 compartments on the vessel. The U.S. Coast Guard led the response operation that 

removed approximately 2,380 bbl of oil remaining in the wreck. However, some of the compartments 

were inaccessible and some oil was left onboard. Thus, the Jacob Luckenbach is one of the wrecks 

assessed in this report. 

http://en.wikipedia.org/wiki/Japan
http://en.wikipedia.org/wiki/Fishery
http://en.wikipedia.org/wiki/Oahu
http://en.wikipedia.org/wiki/Hawaii
http://en.wikipedia.org/wiki/Scuttling
http://www.supsalv.org/pdf/March2002.pdf
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USS Mississinewa (AO 59): The World War II U.S. Navy Fleet oiler USS Mississinewa was sunk on 

November 20, 1944 at Ulithi Atoll, Yap State, Federated States of Micronesia in the western Pacific 

Ocean. At its sinking, the 553-ft, 24,425-ton vessel had just taken aboard a full load of Navy Special Fuel 

Oil (NSFO), gasoline, and diesel fuel. For 57 years the Mississinewa remained undisturbed, capsized in 

130 feet of water. In 2001 the wreck began leaking and, at the request of the Yap State Government, the 

U.S. Department of State, the U.S. Department of Interior, and the U.S. Coast Guard, the U.S. Navy 

assembled a team of experts to survey the Mississinewa wreck site and develop plans for later oil 

removal. Some small amounts of oil were recovered in 2002. In 2003, the U.S. Navy Supervisor of 

Salvage (SUPSALV) mounted an extensive operation that removed 42,860 bbl of NSFO and diesel fuel 

from the wreck (U.S. Navy, 2003). 

 

M/V  Roy A. Jodrey: On November 21, 1974, the 640-ft-long, iron ore freighter Roy A. Jodrey ran aground 

and sank in about 150-200 feet of water in the St. Lawrence River near Massena, New York. The vessel 

became a popular wreck dive, but was also the source of periodic sheens. In 2002, the U.S. Coast Guard 

established a safety zone around the vessel and prohibited wreck diving until the source could be 

remediated. A series of investigations found oil located in spaces throughout the vessel, and a recovery 

operation was initiated in 2003 that removed approximately 143 bbl of fuel oils. The safety zone was 

removed in 2007. 

 

T/V Bow Mariner: On February 28, 2004, the 570-ft T/V Bow Mariner, a Singapore-flagged chemical 

tanker, suffered a series of explosions and quickly sank 50 miles off the coast of Virginia in 

approximately 265 feet of water. In addition to about 83,000 bbl of ethanol, the vessel had an estimated 

4,500 bbl of intermediate fuel oil and 1,100 bbl of marine diesel oil, and a substantial oil slick was 

observed. On March 2, 2004, the NOAA Hydrographic Research Ship Rude conducted side-scan and 

multi-beam sonar surveys of the vessel and confirmed that the vessel was largely intact and upright on the 

sea floor. On March 24, 2004, twenty-five days after the Bow Mariner exploded and sank salvors 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 accessible oil remained aboard in the fuel tanks (Csulak, 2010). 

 

SS Palo Alto: In 2004 and 2005, oil-covered birds were observed near Seacliff State Beach in Aptos, 

California. Forensic chemistry was used to identify the SS Palo Alto as the source. The Palo Alto was a 

tanker built in 1919 as part of a World War I shipbuilding program using concrete instead of steel. The 

tanks, however, were built of steel. After the war, the Palo Alto was grounded on the beach in California 

and used for an amusement park and later became a fishing pier, but the bunker oil was never completely 

removed from the ship. After oil was found in the tanks, the U.S. Coast Guard and State of California 

implemented a survey and cleanup. Oil was confined to one forward port bunker tank. In 2006, salvors 

removed approximately 12 bbl of oil and 125 cubic yards of oily sand and residue from the decaying hull. 

Hundreds of dead birds and two dead harbor seals were also discovered trapped in the tank 

(http://www.dfg.ca.gov/ospr/). 

 

SS Catala: The 229-ft SS Catala, a British-built coastal steam ship sold to the U.S., ran aground during a 

storm on January 1, 1965, near Ocean Shores, Washington. The upper portions of the passenger ship were 

cut off for scrap and over time the hull became buried in the sand. In 2006, erosion exposed the wreck and 

http://www.dfg.ca.gov/ospr/
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a beachcomber discovered an oily, thick sludge inside. In 2007, response efforts removed 820 bbl of 

heavy fuel oil, 8,570 bbl of oily water, and 2,585 tons of oil-contaminated sand (WDOE, 2007). 

 

SS William Beaumont: On August 22, 2009, the U.S. Coast Guard was notified of oil 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 bubbling from a capsized, mostly buried hull. Further investigation revealed the 

submerged vessel to be the wreck of the SS William Beaumont, a 417-ft liberty ship that sank in 1971. 

The vessel had sunk six miles off the East Texas-Louisiana shoreline in approximately 40 feet of water 

while being towed for scrap. The U.S. Coast Guard mobilized a commercial salvage team to the site, 

ultimately removing 380 bbl of heavy fuel oil. 

 

Ex-USS Chehalis: On October 7, 1949, the 311-ft tanker ex-USS Chehalis exploded, capsized, and sank 

in 160 feet of water off the main fuel dock in Pago Pago, American Samoa. The Chehalis was carrying 

approximately 2,000 rounds of 3-inch ammunition, 16,000 rounds of 20 mm ammunition, and 9,520 bbl 

of aviation gasoline when it sank. The 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 onboard. In April 2009, SUPSALV, 

in collaboration with the U.S. Coast Guard, conducted preliminary site investigations to support planning 

for an oil removal project. In April 2010, more than 1,430 bbl of gasoline and fuel oil were removed from 

the vessel (U.S. Navy, 2010). 

 

SS Princess Kathleen: On September 7, 1952, the 369-ft Canadian coastal passenger steamer SS Princess 

Kathleen grounded during bad weather on Pt. Lena, just north of Juneau, Alaska. Approximately 10 hours 

later during an incoming tide the vessel slipped off the rock and sank with an estimated 3,690 bbl of 

bunker C fuel oil in its tanks. After the sinking, periodic fuel releases and oil sheens had been noted in the 

vicinity. The vessel currently sits at an angle on its port side at a depth ranging from 52 feet at the bow to 

134 feet at the stern. In the spring 2010, the State of Alaska and U.S. Coast Guard conducted an 

investigation to assess the pollution threat posed by the vessel, concluding that a removal operation was 

warranted. Divers removed oil from 14 fuel tanks and interior engineering spaces. An estimated 2,620 bbl 

of bunker oil and additional amounts of other oils and contaminated water were collected during the 

operations (ADEC, 2010). 

 

William H. McAllister: On November 17, 1963, the tug William H. McAllister ran aground and sank in 

Lake Champlain between Vermont and New York. In 1997, oil sheens were discovered on the water 

above the McAllister, and concern was raised that the vessel may have been loaded with 333 bbl of diesel 

fuel. In September 2011, an ROV survey found the vessel landed upright in 160 feet of water. No fuel 

was found in the tanks, but about 5 bbl of oil were removed from overhead spaces in the wreck. 

 

SS Montebello: On December 23, 1941, a Japanese submarine sank the SS Montebello off the central 

California coast, just south of the Monterey Bay National Marine Sanctuary. The vessel sits in federal 

waters, approximately six miles off the coast of Moonstone Beach in Cambria, 900 feet below the waterôs 

surface. Just prior to its sinking, the Montebello had loaded 73,571 bbl of Santa Maria crude oil and 2,477 

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

series of submersible dives showed the ship remarkably intact and found that the torpedo missed the cargo 
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tanks where the 71,000 bbl of crude oil were held. In 2009, a multi-agency Task Force was formed to 

investigate the vessel and funding was secured to conduct an underwater survey and collect samples from 

the tanks. After an extensive underwater survey in October 2011, the Task Force concluded that the wreck 

had no recoverable oil and had lost its cargo sometime over the past 70 years. 

(http://www.dfg.ca.gov/ospr/admin/Montebello/). 

 
SS Davy Crockett: The SS Davy Crockett was a former World War II Liberty that was converted to a flat 

deck barge, and then stranded along the shore of the Columbia River in Washington State. In January 

2011, the 431-ft ship was observed leaking due to improper and unpermitted salvage operations. 

Response efforts began immediately to contain oil and stabilize the vessel and, in mid-February 2011, the 

U.S. Coast Guard determined that the only way to remove the oil was to cut apart the vessel. Cleanup was 

completed in November 2011. Salvors removed 914 bbl of bunker fuel, 38,100 bbl of oily water, and 1.25 

million pounds of oily debris. 

(http://www.ecy.wa.gov/programs/spills/incidents/DavyCrockett/DavyCrockett.html). 

International Wreck Case Studies and Risk Assessment Approaches 

Case Histories - International 

A sampling of response efforts for submerged potentially polluting wrecks outside of the U.S. is shown in 

Table 1-2. In some cases, after an assessment and/or survey, oil was removed; in other cases authorities 

opted to monitor the wreck until a more comprehensive assessment or survey could be conducted, a more 

serious oil release occurred, or other 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 or allision (the act of a moving object striking a fixed object), or otherwise leaking 

oil but not fully submerged. 

 
Table 1-2: International submerged potentially polluting wrecks, listed by project year. HFO = heavy fuel oil. 

Vessel Name 

(Year of Sinking) 

Project 
Year 

Nation Action 
Quantity 
Removed 

(bbl) 

Cargo/Bunker 

Type 

Water 
Depth 

(ft) 

TV Mildred Anne Brovig (1966) 1966 Germany Removal 154,000 Crude 125 

IJN Mutsu (1943) 1978 Japan Removal ? HFO 135 

TV Betelgeuse (1979) 1979 Ireland Removal 280,000 Crude 100 

TV Tanio (1980) 1980 U.K./France Removal 35,000 HFO 300 

TV Alessandro Primo 1991 Italy Removal ? Chemicals, HFO 360 

MV Neuenfels (1940) 1993 Norway Monitor 0 HFO 80 

MV Eric Giese (1940) 1993 Norway Monitor 0 HFO 215 

Blücher (1940) 1994 Norway Partial Removal 7,000 HFO 300 

RAF Boardale (1940) 1996 Norway Monitor 0 IFO 220 

TB Irving Whale (1970) 1996 Canada Removal 21,700 Oil/PCBs 220 

TV Yuil No. 1 (1995) 1998 U.K./France Removal 4,400 HFO 230 

TV Erika (1999) 1999 U.K./France Removal 77,700 HFO 425 

HMS Royal Oak (1939) 2000 U.K. Partial Removal ? HFO 90 

SS Richard Montgomery (1944) 2000 U.K. Monitor 0 Munitions, HFO 25 

TV Ievoli Sun (2000) 2001 France Removal 28,000 Styrene, HFO 310 

TV Osung No. 3 (1997) 2001 S. Korea Removal 140 HFO 230 

MV Castillo de Salas (1986) 2001 Spain Removal 2,800 HFO 15,000 

http://www.dfg.ca.gov/ospr/admin/Montebello/
http://www.ecy.wa.gov/programs/spills/incidents/DavyCrockett/DavyCrockett.html


Section 1: Introduction 

12 

Table 1-2: Cont. 

Vessel Name 

(Year of Sinking) 

Project 
Year 

Nation Action 
Quantity 
Removed 

(bbl) 

Cargo/Bunker 

Type 

Water 
Depth 

(ft) 

TV Spabunker IV (2003) 2003 Spain Removal 7,000 Crude 200 

TV Prestige (2002) 2004 Spain Removal 91,000 HFO 12,000 

TV Solar 1 2006 Philippines Removal 63 Crude 2,100 

MS Sea Diamond 2007 Greece Removal 1,050 HFO 490 

RMS Niagara (1940) 2007 New Zealand Monitor 0 HFO 400 

TV Haven (1991) 2008 Italy Removal residual HFO 215 

MV Welheim (1944) 2008 Norway Survey & Removal 0 HFO 230 

MV Nordvard (1940) 2008 Norway Survey & Removal 0 HFO 130 

MV Don Pedro (2007) 2008 Spain Removal 1,400 HFO 150 

MV Ice Prince (2007) 2009 U.K. Removal 2,450 Marine Diesel 200 

TV Samho Brother 2009 Taiwan Removal 20,000 Benzene, HFO 240 

SS Skyttren (1942) 2009 Sweden Risk Assessment 0 HFO 245 

Barge Shovelmaster (2009) 2009 Canada Monitor 0 Diesel 475 

TV Hoyo Maru (1944) 2009 Micronesia Monitor 0 HFO 70 

TV Shinkoku Maru (1944) 2009 Micronesia Monitor 0 HFO 70 

TV Fujisan Maru (1944) 2009 Micronesia Monitor 0 HFO 130 

MV Rio de Janeiro Maru (1944) 2009 Micronesia Monitor 0 Diesel 145 

TV Nippo Maru (1944) 2009 Micronesia Monitor 0 Diesel 70 

MV Kiyosumi Maru (1944) 2009 Micronesia Monitor 0 Diesel 100 

MV Hanakawa Maru (1944) 2009 Micronesia Monitor 0 Diesel 100 

MV San Francisco Maru (1944) 2009 Micronesia Monitor 0 Diesel 210 

PS Queen of the North (2006) 2010 Canada Monitor 0 Diesel, Lube 1,400 

MV Asian Forest (2009) 2010 India Removal ? HFO 105 

U-864 (1945) 2011 Norway Removal 0 Mercury 240 

TV Kyung Shin (1988) 2011 S. Korea Removal ? HFO 320 

 

International Risk Assessment Efforts 

There are a number of risk assessment projects on potentially polluting wrecks underway outside the U.S., 

as summarized in Table 1-3. Like the current NOAA 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 been included in the 

databases have differed based on the needs and focus of the authorities involved. For example, in the 

U.K., the Maritime Coastguard Agencyôs (MCA) database of post-1870 wrecks and obstructions has 

included significant information on munitions rather than 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 assessment. RULET 

contains wrecks that are post-1891 with steel, iron, or concrete hulls that are either tank vessels (tankers 

or tank barges) or are at least 200 feet long or 1,000 gross tons in size. 

 

A comparison of the different international risk assessment methodologies and projects with the current 

(2012) NOAA RULET effort described in this report is shown in Table 1-4. International methodologies 

are further discussed in Appendix B. 
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Table 1-3: Synopsis of international wreck risk assessment projects. 

Project Name 

or Location 
Authorities Involved General Approach 

Scandinavia 

(Sweden, 
Denmark) 

Swedish Maritime Administration 

National Environmental Research Institute 
(Denmark) 

Chalmers Univ. of Technology 

Alliance for Global Sustainability 

Swedish Coast Guard 

Swedish Navy 

Swedish Defense Research Agency 

Swedish National Heritage Board 

¶ Analysis of legal situation of wrecks 

¶ Case study on SS Skytteren 

¶ Analysis of eco-toxicology of long-term leakage 

¶ Wreck database 

¶ Archaeological/engineering library research on wrecks 

¶ Risk model with five-point classes of probabilities of 
leakage and five ranks of consequences (human, 
economic, and ecological) 

¶ Oil trajectory modeling 

¶ International cooperation on assessments 

DEEPP 

Mediterranean 

(France, Italy) 

European Commission 

ICRAM 

CEDRE 

Italian Navy (Maridrografico) 

French Navy (SHOM) 

¶ Wreck database (194 known wrecks) in the 
Mediterranean 

¶ Archaeological/engineering library research on wrecks 

¶ Sea bottom exploration 

¶ ROV investigation of selected wrecks 

¶ Risk matrix with hazards by oil type 

¶ International cooperation on assessments 

Transport 
Canada 

(Eastern Canada) 

Transport Canada 

Canadian Coast Guard 

Provincial Authorities 

¶ Charting of 1,000s of wrecks off eastern Canada coast 

¶ Aerial surveillance for mystery spills 

¶ Establishment of contingency plans for spills, removal 

Kystverket 

Norway 

Norwegian Coastal Administration 
(Kystverket) 

¶ Wreck database of ships sunk after 1914 over 50 m 
and over 100 tonnes (over 2,300 entries) 

¶ ROV survey on all wrecks classified as high risk (30 
wrecks containing 100-300 tonnes oil) 

¶ Risk assessment by position, wreck type, fuel 

¶ Study on pollutants other than oil 

SPREP 

(South Pacific) 

Pacific Ocean Pollution Prevention 
Programme (PACPOL) 

International Maritime Organization (IMO) 

Canada-South Pacific Ocean Development 

Secretariat of the Pacific Regional 
Environment Programme (SPREP) 

¶ Extensive mapping and identification of wrecks 
(particularly World War II-related) 

¶ Comprehensive database (3,000 wrecks) 

¶ Risk analysis (4% selected for further study) 

¶ International cooperation identifying wrecks 

U.K. MCA 

(United Kingdom) 

Maritime Coastguard Agency 

Ministry of Defense 

¶ Wreck database (25,000 records) 

¶ Archaeological/engineering library research on wrecks 

¶ Risk analysis of munitions, spills 

¶ Risk matrix of pollution/safety severity and likelihood 

National Maritime 
Research 
Institute 

(Japan) 

National Maritime Research Institute 

Tokyo University of Marine Science and 
Technology 

¶ Development of environmental risk assessment tool 

¶ Development of technologies to mitigate oil discharges 
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Table 1-4: Comparison of wreck risk assessment approaches. 

Project Database 
Trajectory 
Modeling 

Engineering and 
Archaeological 
Assessment 

Risk 
Model or 
Matrix 

Mapping 
Other 

Hazards 
Full Risk 

Assessment 

NOAA 2012 
RULET 

Extensive data on 
vessels, potential 
impacts to 
resources at risk 

Trajectory, 
fate, and 
effects 

modeling 

Comprehensive Yes Yes 

Limited data 
on 

munitions, 
chemicals 

Yes, for 87 
priority 
wrecks 

Scandinavia 
Extensive data on 
vessels 

Some 
trajectory 
modeling 

Limited Yes Yes 
Limited data 

on other 
pollutants 

One wreck; 
others in 
process 

DEEPP 
Location, type, 
size, owner, age 

None 
Limited 

(some surveys) 
Yes Yes 

MARPOL 
chemicals 

None 

Transport 
Canada 

Location, type, 
size, owner, age 

None No None Yes None None 

Kystverket 
Extensive data on 
vessels 

None Limited None Yes Chemicals Planned 

SPREP 
Location, type, 
size, owner, age 

None No None Yes None None 

U.K. MCA 
Extensive data on 
vessels 

None Limited Yes Yes 
Munitions 

Chemicals 
Planned 

NMRI, 
Japan 

No database 

Trajectory 
and fate 
modeling 
planned 

No Yes No No None 

 

 

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 prioritization conducted 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 employ state-of-the-art trajectory, 

fate, and effects modeling for each wreck of concern to determine risks to ecological and socio-economic 

resources. The archaeological and engineering assessment conducted on the wrecks to determine 

condition and potential for spillage 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 

NOAAôs Resources and Undersea Threats (RUST) database includes approximately 20,000 shipwrecks in 

U.S. waters. Most are thought to have lost their cargos long ago, or contain minor amounts of oil. 

However, it is known from recent experience that some wrecks can contain hundreds or thousands of 

barrels of oil as illustrated in Tables 1-1 and 1-2. The sheer number of wrecks made it impossible within 

the scope and resources of the project to review and evaluate each vessel, prompting NOAA to use a 

tiered screening approach. The initial screening was conducted based on readily available information 

from a range of maritime resources to identify vessels with the greatest potential to be oil pollution 

threats. Initial screening factors focused on the vessels themselves, based on the vesselsô age, location, 

construction material, propulsion, type, and size. After this initial screening, a separate database, called 

the Remediation of Underwater Legacy Environmental Threats (RULET), was generated consisting of 

573 vessels. Each of the factors used to get to the initial screening result of 573 vessels is described 

below. 

Initial Screening Factors 

Vessel Age: Shipwrecks have occurred in U.S. waters since the first sailors explored these waters five 

centuries ago. Vessel technology and construction has evolved over time, and a shipôs age is a good 

indication of both its propulsion (fuel) type and construction. The first oil tank steamer Vaderland was 

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

for ocean-going vessels (The New York Times, 1891; Henry, 1907). Increased speed and efficiency of 

oil-powered ships led the designers of naval vessels to switch from coal to oil and, by World War I, most 

newly built naval vessels were oil fired (Dahl, 2001). However, these details 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 location: The RUST database includes some wrecks that were lost far offshore, or along the EEZ 

of neighboring countries. Some wreck locations are not known with certainty. As an initial screen, NOAA 

included only those wrecks within the U.S. EEZ, including the U.S. portions of the Great Lakes. 

Although this large boundary significantly 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 modeling to be conducted and would enable the U.S. Coast Guard to plan for 

potential spills anywhere within the U.S. EEZ.  

 

Vessel Construction: Many older wrecks were built of wood. The first iron ships in the U.S. were built in 

the early to mid-1850s, but wooden construction was common until the early 20
th
 century. Steel became 

common in the 20
th
 century but, when steel became scarce during the First and Second World Wars, some 

merchant vessels were built of concrete. Modern day merchant vessels are almost all built of steel, but 

small craft are commonly constructed of wood, fiberglass, and/or aluminum. As an initial screen, only 

vessels built of durable materials (e.g., steel, iron, and concrete) were considered. 
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Propulsion Type: Until the mid-1800s, almost all ocean-going ships were sailing vessels and required no 

fuel oil. Sail power continued into the early 20
th
 century. Steam ships became common mid to late 19

th
 

century, but coal was the preferred source of fuel until early in the 20
th
 century. A few merchant vessels 

began using fuel oil to fire their boilers in the 1890s, but coal-fired merchant vessels were common until 

World War II. Modern vessels use various grades of fuel oil for propulsion. As an initial screen, all 

sailing vessels and coal-fired vessels were excluded from the database. Determining whether a vessel was 

converted from coal-fired to oil-fired was often difficult. 

 

Vessel Type: Vessel type is a consideration in pollution type, as some vessels are designed to carry large 

amounts of oil as cargo or fuel. Until the 1880s, merchant ships were general-purpose vessels. Cargo was 

carried in general-purpose holds or on deck. Bulk liquids were carried in barrels. The first tank vessels 

appeared in the 1880s. From an oil-pollution perspective, oil tankers and tank barges (collectively tank 

vessels) pose the largest threat. Because of their overall size and strategic importance, U-boats frequently 

targeted tankers. Modern tankers are huge compared with tankers common during World War I and II, but 

tankers of that era still may have carried tens of thousands of barrels of oil as cargo. However, tank 

vessels often sailed with seawater ballast, thus they may not have been laden with oil when they sank. As 

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

 

Vessel Size: Non-tank vessels also carried oil as fuel. Modern freighters, container ships, and cruise ships 

have grown in size over the past 50 years, and ultra-large crude carriers may carry up to 2,000,000 bbl of 

fuel oil. Most of the merchant vessels in the database are from World War II and earlier, and are 

considerably smaller. The average bunker (fuel) capacity of a World War II  Liberty ship was about 

12,054 bbl. Small coastal vessels, harbor craft, towing vessels, and fishing vessels also carried fuel oil in 

smaller quantities. These types of vessels vary in their fuel capacity; the largest of these (high-endurance 

fishing vessels and ocean-going tugs) may contain ten thousand barrels of fuel when fully laden, but 

usually these vessels carry much less (WDOE, 1991). As an initial screen, all non-tank vessels less than 

200 feet in length or less than 1,000 gross tons were excluded from the database. 

 

Based on these initial screening criteria, 573 wrecks located within U.S. waters were identified that could 

pose a substantial pollution threat. Those vessels were subject to secondary screening and additional 

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 reports. Some of the major sources used to create the RULET 

database and to populate data fields are described below. 

 

Lloydôs Register of British and Foreign Shipping is a shipping register that contains diagnostic 

information about many of the merchant vessels that are surveyed and classed by Lloyds. The information 

contained in these registers is often very detailed and provides the background information about a ship 

that is necessary to determine its length, size, and its method of propulsion. Some 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, boiler types, and location of machinery. 
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The Record of American and Foreign Shipping is a register published by the American Bureau of 

Shipping (ABS) and often referred to as the ñAmerican Lloyds.ò This register provides much of the same 

information as the Lloydôs Register, but for vessels inspected and classed by ABS. There is a large 

distinction between these registers for more recent ships, including many of the World War II era vessels 

in the RULET database. For these vessels, the Record of American and Foreign Shipping also lists bunker 

capacities, dimensions of the largest hold, and the number of tanks onboard. 

  

The Annual List of Merchant Vessels of the United States, originally published by the U.S. Bureau of 

Navigation and currently published by the U.S. Coast Guard, is a list of merchant vessels sailing under 

the American Flag. Although 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 registers, such as a 

vesselôs official number and crew size. The 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 books are invaluable for populating data fields in a 

database and determining which ships met the initial screening criteria, they generally lack key 

information about the pollution potential of a ship. For example, with the exception of the Record of 

American and Foreign Shipping, none of the other registers or lists includes bunker capacities of vessels. 

This means that vessels inspected and classed by Lloydôs of London and not ABS do not have bunker 

capacities listed. Similarly, even though the Record of American and Foreign Shipping lists 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 research was necessary. 

Secondary Wreck Screening Process 

Archival and Historic Research 

After the initial screening, RULET contained 573 shipwrecks that required additional research to 

determine their threat potential based on physical integrity. The additional screening relied heavily on 

archival research and original documents to gather additional details on the potential cargo and fuel 

onboard. Vessel casualty information and the structural reduction and demolition of those that were 

navigational hazards were areas of specific research focus. The archival research included identification 

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 when sunk. The 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 torpedoes would be less likely to contain oil than one that sank due to foul weather. 

 

Based on additional online research, NOAA 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 propulsion. Archival research was conducted on these wrecks to obtain additional 

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 time of its loss. Eventually, secondary screening reduced 

the database to 107 vessels. 

 

Many primary source documents are located at: 1) the Archives I building in Washington, DC for reports 

of the U.S. Coast Guard; and 2) the National Archives II building located in College Park, MD for U.S. 

Navy reports about U-boat actions along the East Coast. National Archives I research focused on archive 

boxes from Record Group 26, Records of the U.S. Coast Guard, for information pertaining to vessels 

remaining in the database. 

 

The boxed series within this record group that provided information for this study included: World War II 

Reports Concerning Merchant Vessels sinking, 1938-2002; War Casualty Section Survivorôs Statements, 

1941-1945; and War Casualty Section Casualty Reports, 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 to sink. This information provided 

a more accurate account of the sinking of the vessel and helped in hypothesizing the extent of the damage 

to the vessel at the time of the sinking. This information thus enabled a general assessment of what 

condition a wreck may be in if it had not been surveyed or discovered. 

 
Research in Archives II focused on Record Group 32 (Records of the U.S. Shipping Board); Record 

Group 38 (Records of the Office of the Chief of Naval Operations, 1875-2006); Record Group 41 

(Records of the Bureau of Marine Inspection and Navigation); Record Group 178 (Records of the U.S. 

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 could be included 

in the database, the most valuable information was located in Record Group 38. Boxes in Record Group 

38 included Tenth Fleet Convoy & Routing Casualty Files; the Office of Naval Intelligence Security 

Classified Administrative Correspondence, 1942-1946 (declassification #NND813017); and the Records 

Relating to Naval Activity During World War II, World War II War Diaries. These record series provided 

the most information about vessel sinking events and war-related losses. The sinking reports contained in 

these series were invaluable for making inferences about the violent nature of a vesselôs sinking and the 

likelihood that the vessel sank intact and could still retain a liquid cargo. 

 

Record Group 178 held a series entitled Central Correspondence Files 901-2 Individual Ship, Files 1936-

1950 that contained charter information about ships. These charter records exist for many of the vessels in 

the database and provided information about the bunker capacity of the vessel, the bulk cargo capacity, 

and even a description of the last two successive cargos the vessel carried. While this information does 

not indicate exactly how much fuel a vessel was carrying at the time of its loss, it does indicate how much 

fuel that vessel could have carried when fully laden. From Record Group 428, boxes in the series Office 

of Information Ship Files 1940-1958, proved helpful for obtaining newspaper articles written about 

torpedoed ships that provided additional descriptions and accounts of the loss of a vessel that were not 

recorded in the official sinking reports. 

 

In addition to research conducted at the National Archives, historical articles from newspapers were 

examined. These newspapers often provided information that was not included in official sinking reports 

because 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 casualty. U.S. Coast Guard Marine Board of 

Investigation Reports and National Transportation Safety Board Marine Accident Reports also provided 

additional information about many wrecks that were not lost during World War II and were not part of the 

National Archive collections that were examined during this study. 

  

From these sources and many additional secondary sources, information was obtained about the vessels 

lost within U.S. waters that were using oil for fuel or were transporting oil as cargo. This information, 

however, did not enable the reduction of the number of wrecks within the database, as it did not provide 

any information about the current condition of a vessel. Fortunately, extensive archaeological fieldwork 

and shipwreck surveys have been conducted that permitted the number of wrecks in the RULET database 

to be drastically reduced. Visual or remote sensing confirmation of the condition of a shipwreck by 

researchers in the field enabled the removal of wrecks that initially  appeared to be high priority from 

initial research. Each element of the historical assessment was given a data quality ranking as 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 shipwrecks in terms of site formation processes, which is a study of how 

shipwrecks have been affected by environmental and cultural factors. This study involves interpreting 

some of the factors that reduce the structural integrity of a shipwreck and, therefore, its ability to retain 

oil. Site formation processes are commonly defined as how a ship transitions from a 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 ocean. Originally proposed by archaeologist Keith Muckelroy, and building on models of site 

formation proposed by Michael Schiffer and others, these processes assess how cultural (that is, human-

influenced or caused) and natural factors influenced the transition from the original entity (in this case, 

the floating ship, its cargo, crew and/or passengers, afloat and at the time of its sinking) and the shipwreck 

site as encountered in the current day. 

 

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

Muckelroy (1978), are generally divided 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, post-sinking impacts by fishing gear, scouring and erosion, 

ongoing corrosion, and environmental variables influencing the preservation of certain types of materials 

and the lack of preservation of others. All of these are filters that entirely remove elements of the ship 

from a wreck site. Because most oils are lighter than water, they would also be ñremovedò from a wreck 

through tank openings. Scrambling filters, commonly storm surge, wave currents, or demolition of a 

wreck, are those which leave the elements of the ship on the site but that move them from their initial 

position or context (Muckelroy, 1978). 

 

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 human behaviors inherent in the 

cultural processes ï questions such as contemporary assessment of what was or was not of value 

(cargoes), the recovery of human remains, and the nature of different forms and processes behind cultural 

removal of material from shipwrecks, including the different contexts of on-site and off-site ósalvage.ô 
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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 wreck (Figure 2-1), some generalizations can be made about 

relatively modern shipwrecks in U.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 A lists the vessels removed from RULET in part due to site formation processes. 

 

 

Figure 2-1: Shipwreck site formation processes help explain why vessels, like the Dixie Arrow which initially carried 
approximately 86,136 bbl of crude oil, but was demolished during World War II, no longer remain intact and are 
no longer potentially polluting shipwrecks (Photo: NOAA). See Figure 2-5 for another example. 

 

On the U.S. East Coast and in the Gulf of Mexico, the vast majority of potentially polluting shipwrecks 

were sunk by German U-boats during the first several months of 1942 (Figure 2-2). By examining historic 

records and the current condition of many shipwrecks lost in U.S. waters, it is evident that most World 

War II  shipwrecks were lost in shallow coastal waters. This is to be expected, as wartime shipping routes 

required merchant marine and other vessels to travel close to the coast. Most of these ships were 

subsequently demolished as hazards to navigation or picked up as unidentified sonar contacts and depth 

charged. Similarly, many of 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 ships, tanks were ruptured, decks were 

collapsed, and structural elements were reduced to rubble. 

 

This post-sinking demolition was not limited to World War II wrecks. For example, the Union Faith and 

Cleveco case histories described in Section I also involved some structural modifications after sinking to 

reduce their potential as navigation hazards. 
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Figure 2-2: Number of vessels lost by year, highlighting vessels in RULET lost due to war-related causes in 1942.  
 

On the other hand, the majority of potentially polluting shipwrecks on the U.S. West Coast and Alaska 

were lost due to grounding, a violent event typically resulting in the vesselôs bottom being ripped out, 

waves and surf forcing the vessel parallel to shore, and the vessel being pounded to pieces between the 

waves and rocky coastline. Furthermore, many of wrecks were partially salvaged and or even dynamited 

to remove them as navigational hazards or environmental eyesores. Efforts were focused on removal of a 

physical hazard, not potential pollutants. However, in some cases, vessels retained enough integrity to 

retain trapped oil (e.g., the beached wrecks Catala and Palo Alto remediated in 2007 and 2006 

respectively, and mentioned above). 

 

By taking the violent losses of East Coast, Gulf Coast, and West Coast 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 cargo or bunkers. The majority of wrecks that have been reported leaking or 

reported to contain 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 being easily identified as hazards to navigation or 

as unidentified sonar contacts and demolished. These orientations also offer less resistance to ocean 

currents and better protect a hull from the forces of waves and currents that are commonly associated with 

a shipwreck resting on its keel, such as hogging, sagging, and splaying. It is important to recognize, 

however, that these are not all encompassing rules but merely generalizations that help explain the 

generally low number of shipwrecks identified as having the potential to pose a substantial threat to the 

environment. 

 

Vessels in the database range from 120 to 729 feet in length and 36-114 years in age in 2012 (see Figure 

2-3). Although the RULET screening criteria considered vessels of a range of hull materials including 

concrete, iron, and steel, all of the remaining high and medium risk vessels are constructed of steel. The 

majority of the wrecks, 54 (62%), are of riveted construction, 21 (24%) were welded, and 12 (13%) are of 
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unknown construction. Construction type is reflective of when many of these vessels were built and often 

does not characterize changes 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%). 

 

 
Figure 2-3: Age of the 87 priority shipwrecks (in years as of 2012) in 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 microbial. The hull of a 

wreck may appear intact, but may be suffering significant loss of 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 of the Titanic. Sampling of the hull material is typically 

required to gain an understanding of the physical integrity of a vessel. While testing of hull coupons
2
 is 

possible, results are generally relative in that the thickness of a particular hull plate at the time of a 

casualty is unknown. While 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 actually used, 

especially during times of war. Vessels that were in service for an extended period of time prior to 

casualty may have been significantly retrofitted from coal to oil or from one purpose to another. Records 

on changes to hull plate thickness from this type of work are limited. As Figure 2-4 illustrates, 42 of the 

87 vessels for which risk assessments were prepared are 90 years of age or greater. Generally, older 

vessels will have thicker plating than new ones due to changes in steel manufacturing and rolling 

technology. 

 

                                                 

 
2
 Coupons are metal samples used for corrosion or other types of metallurgical analysis. 
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Understanding how corrosion processes affect the structural integrity of vessels is important for two 

reasons. If we understand how the corrosive processes work on shipwrecks of differing ages, depths, and 

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 occur for tanks or cargo holds containing fuel oils or other hazardous cargo materials. This 

type of information is useful for response personnel and agencies in understanding when direct 

intervention and removal of oil may be warranted. 

 

A variety of issues can affect the rates of corrosion on potentially polluting wrecks in marine waters. 

Marine bacteria, bottom sediment types, storms and currents, 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 or compression 

changes in the steel. Once submerged, these vessels have been continuously exposed to the corrosive 

effects of seawater (or fresh water for those in the Great Lakes). If sunk in an area where strong currents 

pass by the site, these currents can carry higher oxygen levels and speed the steel corrosion process. 

Impacts from storms and the bottom sediments in which a vessel lays also play their part in the site 

formation process, causing additional structural stresses and eventual failure of critical components within 

the vessels. There are also cathodic issues where non-sympathetic metals create an electrical-chemical 

effect that corrodes metal, much like the way a battery works. Iron oxide (rust) begins to occupy more 

physical volume than the iron or steel itself, distorting the metal and causing failure of metal components 

and fasteners. Leakage of oil and other chemicals from shipwrecks often occurs in the valves, piping, and 

other mechanical connections, where use of dissimilar metals is common. Corrosion 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. Spillage of cargos from one shipwreck to another site is rare but 

has a very real impact. Long-term corrosion studies have shown the effects of proximity corrosion or a 

long-range form of galvanic corrosion coupled through the marine biota. 

 

Based on comparisons of corrosion and environmental data from shallow and deep water sites, the Weins 

Number concept is proposed by a Department of Interior-led team as a means to predict long-term 

corrosion of iron-based alloys in sea water. The concept is a product of the corrosion studies conducted as 

a component of the National Park Service Submerged Resources Centerôs USS Arizona Preservation 

project. The methodology, called Concretion Equivalent Corrosion Rate (CECR), involves the physical 

and chemical analysis of overlying concretion (hardened marine biofouling) and conversion of the data to 

corrosion rate of substrate metal. This technique has been used on the USS Arizona, the Japanese Midget 

Submarine thought to be I-20A, the Submarine Explorer and another Japanese Midget Submarine I-16A 

as well as the recent assessment of the SS Montebello (see coupons taken from the hull of the SS 

Montebello in Figure 2-4). 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 concretion thickness are known. The utility of this approach is that a metal coupon is 

not required, only a sample of the concretion, which can be used to determine corrosion rate since loss. 
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Figure 2-4. Two of coupon samples from the SS Montebello prior to analysis. 
  
Researchers from the Western Australian Museum are looking at how pH impacts corrosion rates in coral 

and coralline areas in the South Pacific. They have also noted that losses in concretion from physical 

impacts, such as localized dynamite fishing, can significantly increase corrosion rates and that wrecks 

with significant coral accretions seem to have increased localized turbulence and corrosion rates. Studies 

in the open ocean and at Chuk Lagoon suggest that corrosion rates fall logarithmically with water depths. 

 

There are well-accepted 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 polluting wrecks is still very much under development. It will be some time 

before corrosion rates can be definitive for risk assessments without detailed metallurgical analysis of 

each individual shipwreck. 

Interpreting Sinking Records 

Casualty Information 

In some cases, vessels sank in very deep water or unknown locations and have not been discovered. In 

these instances, it is only possible to approximate what condition such wrecks may be in through a 

subjective analysis of survivor reports and casualty narratives. Depending on the date, the nature of loss, 

and the number of survivors, historic casualty narratives contain differing amounts of information. This is 

also the case for many World War II era shipwrecks in the RULET database. Some ships sank very 

quickly and had few survivors, so the casualty reports are short and seemingly incomplete, whereas other 

vessels had multiple survivor accounts recorded. As with any type of eyewitness account, survivor 

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

source of information. 

 

Because oil pollution 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 many of the reports. 

This is often the case when survivor reports reveal that a torpedo hit a tanker in at least one of the cargo 
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tanks, or that a freighter or tanker was hit in the area of bunker tanks. Although many reports do not 

discuss the loss of cargo from these 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, and U.S. Coast Guard Marine Investigation Reports that do 

document the release of oil from ships as they sank (see example in Figure 2-5). Multiple World War II 

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 to get away from 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, 1996). Because 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 II also documented the loss of oil 

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 entitled Impact of Oil Spillage from World War II Tanker Sinkings (Eastern Sea Frontier, 1942; 

Campbell et al., 1977). Although 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 lost or how 

much has escaped in the years since the vessel sank. Photos 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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Figure 2-5: Example of U.S. Coast Guard War Action Casualty Report for a tanker torpedoed during World War II. 
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Figure 2-6: Photomosaic of seemingly intact tanker E.M. Clark sunk 
by a German U-boat in 1942 off the coast of North Carolina 
(Photomosaic generated by Joe Hoyt, Source: NOAA) 

Wreck Condition and Salvage 

Although sinking reports help provide a better understanding of the potential 

condition of a shipwreck that has not been located, there is no substitute for 

visual assessments of shipwrecks or salvage reports of oil removal to 

definitively determine that a shipwreck no longer contains oil. Fortunately, 

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 seafloor in terms of structural integrity or ability to retain 

fuel in cargos or bunkers. These technologies and sources of data have 

allowed NOAA archaeologists to rule out hundreds of shipwrecks that once 

burned oil or carried it as cargo as potential sources of oil pollution. 

 

By examining the current condition of shipwrecks, it is evident that most 

World War II-era shipwrecks that are commonly visited by divers were 

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 like Montebello off California and E.M. Clark off North 

Carolina (Figure 2-6) seem to have simply released their oil cargos through 

vents, cargo loading hatches, and piping over the past 70 years of resting on 

the seafloor, with no reports of sheening or oiling in the vicinity. 

Unfortunately, without in-water assessment and survey of each of these 

shipwrecks, they would appear to have the potential to be fully laden based on 

acoustic or visual surveys alone. Additionally, salvage reports of oil removal 

from shipwrecks or of the entire removal of a wreck from the seafloor enables 

that vessel to be removed from a potentially polluting shipwreck database. 

Because there 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 added to the RULET database is still present on 

the seafloor. Likewise, reports of oil removal operations like that recently 

conducted on the passenger steamer Princess Kathleen and the Liberty ship 

William Beaumont ensure that these wrecks can safely be removed from the 

database. 

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 U.S. Coast Guard Salvage Engineering 

Response Team (SERT). This analysis allowed for comparison of all vessels 

including those in unknown locations and provided a quantitative means via a 

salvage engineerôs perspective to address 

historical information (see Figure 2-7). 

SERT reviewed the general historical 
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information available for the database as a whole and provided a stepwise analysis for an initial indication 

of Low/Medium/High risk values for each vessel. That stepwise analysis is detailed below and builds a 

picture of the cumulative risk for the physical characteristics of each wreck. 

 

Pollution Potential Tree 

 
 

Figure 2-7: U.S. Coast Guard Salvage Engineering Response Team (SERT) developed this Pollution Potential 
Decision Tree. Each diamond may represent more than one risk factor reflected in the following text. 

 

The analysis is simple and straightforward and, in combination with the accompanying archeological 

assessment, provides a picture of each wreck that is as complete as possible based on current knowledge 

and best professional judgment. This assessment does not take into consideration operational constraints 
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such as depth or unknown location, but rather attempts to provide a replicable and objective screening of 

the historical data for each vessel. 

 

In addition, where available, information related to operational considerations for any assessment or 

remediation activity was included but not scored. This includes information such as the depth or 

orientation of the vessel on the bottom. While important for what type of operational assessment could 

occur, depth and orientation generally do not have a direct bearing on pollution risk. In some instances, 

nuances from the archaeological assessment provided additional input that amended the final vessel score. 

Each risk factor is characterized as High, Medium, or Low Risk or a category-appropriate equivalent such 

as No, Unknown, Yes, or Yes Partially. The risk categories correlate to the decision points in Figure 2-7. 

 

Each of the risk factors also has a ñdata quality modifierò that reflects the completeness and reliability of 

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 

scale is: 

¶ 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. 

¶ Medium Data Quality: Much information on wreck available, but some key factor data are 

missing or the data quality is questionable or not verified. Some additional research needed. 

¶ Low Data Quality: Significant issues exist with missing data on wreck that precludes making 

preliminary risk assessment, and/or the data quality is suspect. Significant additional research 

needed. 

 

In the following sections, the definition of Low, Moderate, and High for each risk factor is provided. 

 

Pollution Potential Factors  

 

Was there oil onboard? (First diamond down in Figure 2-7) 

Risk Factor A1: Total Oil Volume 

The oil volume classifications correspond to the U.S. Coast Guard spill classifications
3
: 

¶ Low Volume: Minor Spill  <240 bbl (10,000 gallons) 

¶ Medium Volume: Medium Spill  Ó240 ï 2,400 bbl (100,000 gallons)  

¶ High Volume: Major Spill  Ó2,400 barrels (Ó100,000 gallons) 

 

The oil volume risk classifications refer to the volume of the most-likely Worst Case Discharge from the 

vessel and are based on the amount of oil believed or confirmed to be on the vessel. The risk factor for 

volume also incorporates any reports or anecdotal evidence of actual leakage from the vessel or reports 

from divers of oil in the overheads, as opposed to potential leakage. This reflects the history of the 

vesselôs leakage. 

 

                                                 

 
3
 As per USCG FOSC Guide. 10,000 gal = 238 bbl, but is shown as ñ240 bblò in documents. 
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Risk Factor A2: Oil Type 

The oil type(s) on board the wreck are classified only with regard to persistence, using the U.S. Coast 

Guard oil grouping
4
. (Toxicity is dealt with in the impact risk for the Resources at Risk classifications.) 

The three oil classifications are: 

¶ Low Risk: Group I Oils  ï non-persistent oil (e.g., gasoline) 

¶ Moderate Risk: Group II ï III Oils  ï medium persistent oil (e.g., diesel, No. 2 fuel, light crude, 

medium crude) 

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

 

Was the wreck demolished? (Second diamond down in Figure 2-7) 

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. This risk factor is based on 

historic records and does not take into account what a wreck site currently looks like. The risk categories 

are defined as: 

¶ Low Risk: The wreck was reported to have been entirely destroyed after the casualty 

¶ Medium Risk: The wreck was reported to have been partially cleared or demolished after the 

casualty 

¶ High Risk:  The wreck was not reported to have been cleared or demolished after the casualty 

¶ Unknown: It is not known whether or not the wreck was cleared or demolished at the time of or 

after the casualty 

 

Was significant cargo or bunker lost during casualty? (Third diamond down in Figure 2-7) 

 

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 

and may 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: 

¶ Low Risk: Burned for multiple days 

¶ Medium Risk:  Burned for several hours 

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

¶ 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 water at the time 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 I Oil or Nonpersistent oil is defined as ña petroleum-based oil that, at the time of shipment, consists of hydrocarbon 

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 370ÁC (700ÁF).ò 

Group II - Specific gravity less than 0.85 crude [API° >35.0] 

Group III - Specific gravity between 0.85 and less than 0.95 [APIÁ Ò35.0 and >17.5] 

Group IV - Specific gravity between 0.95 to and including 1.0 [APIÁ Ò17.5 and >10.0], not included because not likely present on 

wrecks 



Section 2: Prioritizing Potentially Polluting Wrecks in U.S. Waters 

31 

observers so this is very subjective information. The risk categories are defined as: 

¶ Low Risk: Large amounts of oil reported on the water by multiple sources 

¶ Medium Risk:  Moderate to little oil reported on the water during or after the sinking event 

¶ High Risk:  No oil reported on the water 

¶ Unknown: It is not known whether or not there was oil on the water at the time of the casualty 

 

Was the cargo area damaged? (Fourth diamond down in Figure 2-7) 

 

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 by how violent the sinking event was and the factors that would contribute to 

increase initial damage or destruction of the vessel (which would lower the risk of oil, other cargo, or 

munitions remaining on board). The risk categories are:  

¶ Low Risk: Multiple torpedo detonations, multiple mines, severe explosion 

¶ Medium Risk:  Single torpedo, shellfire, single mine, rupture of hull, breaking in half, grounding 

on rocky shoreline 

¶ High Risk:  Foul weather, grounding on soft bottom, collision 

¶ Unknown: The cause of the 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 components of a ship 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 two-three 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 broke apart at the time of loss or 

after sinking 

 

Factors That May 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 tanks are located) on the seafloor. For example if the vessel turtled, 

not only may it have avoided demolition as a hazard to navigation, but it has higher likelihood of 

retaining an oil cargo in the non-vented and more structurally robust bottom of the hull. 

 

Depth 

Depth information is provided where known. In many instances, depth will be an approximation based on 

charted depths at the last known location. 
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Visual or Remote Sensing Confirmation of Site Condition 

This factor takes into account the physical status of the wreck 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 to navigation, or 

severely compromised by other means such as depth charges, aerial bombs, or structural collapse. 

 

Other Hazardous (Non-Oil) Cargo on Board 

This factor addresses hazardous cargo other than oil that may be on board the vessel and could potentially 

be released, causing impacts to ecological and socio-economic resources at risk. 

 

Munitions on Board 

This factor addresses munitions cargo that may be on board the vessel and could potentially be released or 

detonated causing impacts to ecological and socio-economic resources at risk as well as responders. 

 

National Historical Preservation Act, Sunken Military Craft Act and Gravesite Status 

All of the vessels are reviewed to determine whether they are eligible for protection under the National 

Historical Preservation Act (NHPA) based on their age alone. This is the initial criteria for listing on the 

National Register and was the only criteria considered for this screening and the determination of which 

vessels need to be documented under Section 106 of the NHPA. In addition, each record was noted as to 

whether they are known to be civilian or military gravesites under the Sunken Military Craft Act 

(SMCA). 

 
Vessel Pollution Potential Summary 
 
For each vessel, physical integrity is summarized in a table (see Table 2-1) to provide an initial risk factor 

score that addresses the pollution potential and any mitigating factors that could reduce the pollution 

potential. The archaeological assessment and operational factors are included as well, but provide 

qualitative information for each vessel and are not scored. 

 

During the research on the priority wrecks, it was determined that nine are leaking, as shown in Figure 2-

8. 



Section 2: Prioritizing Potentially Polluting Wrecks in U.S. Waters 

33 

Table 2-1: Summary matrix for the vessel risk factors for the Halo color-coded as red (high risk), yellow (medium 
risk), and green (low risk). 

Vessel Risk Factors 
Data 

Quality 
Score 

Comments 
Risk 
Score 

Pollution 
Potential 
Factors 

A1: Oil Volume (total bbl) Med 
Maximum of 71,000 bbl, not reported to be 
leaking 

Med 

A2: Oil Type High Cargo is crude oil, a Group III oil type 

B: Wreck Clearance High Vessel not reported as cleared 

C1: Burning of the Ship High A significant fire was reported 

C2: Oil on Water High 
Large amounts of oil were reported on the 
water 

D1: Nature of Casualty High Multiple torpedo detonations 

D2: Structural Breakup  High The vessel remains in one contiguous piece 

Archaeological 
Assessment 

Archaeological Assessment High 
Detailed sinking records and site reports of 
this ship exist, assessment is believed to be 
very accurate 

Not 
Scored 

Operational 
Factors 

Wreck Orientation High Upright 

Not 
Scored 

Depth High 500 ft. 

Visual or Remote Sensing 
Confirmation of Site Condition 

High Location has been surveyed 

Other Hazardous Materials 
Onboard 

High No 

Munitions Onboard High No 

Gravesite (Civilian/Military) High Yes 

Historical Protection Eligibility 
(NHPA/SMCA) 

High NHPA and possibly SMCA 
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Figure 2-8: Nine of the wrecks in the RULET database that reportedly are leaking or 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 the amount of oil that could remain on a ship is a critical input to environmental impact 

models. Unfortunately, because the wrecks 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 made. The first conservative assumption that was to assume every shipwreck left in the database that 

could not be screened out still contained oil. 

 

Although history has shown that many legacy wrecks are more likely to be empty than contain large 

quantities of oil, this study was designed to err on the conservative side. In most instances, there are 

reports of some amount of oil loss at the time of a vesselôs sinking, so it is unlikely that any shipwreck 

will still contain the full amount of oil onboard prior to the casualty. 

 

Combining information from historical sources previously listed, 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 of the U.S. Navy and U.S. Coast Guard 

sinking reports document how much cargo oil a tanker was reported to be carrying 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 contracts or the Record of American and 

Foreign Shipping. For 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 to estimate the 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 the number of days underway and the type of casualty. Casualty reports associated with 

World War I and II  generally have notations as to the number of torpedo strikes, fire, explosions, or some 

initial loss of cargo. All of this information was used to estimate the volumes used for oil spill modeling. 

In addition, the oil spill modeling was done with a series of release volumes that allowed development of 

regression models. These models provide the ability to assess risks for smaller volume releases for each 

vessel should the estimated worst case volumes be incorrect, and for vessels in close geographic 

proximity carrying similar cargo or bunkers. 

 

Based on discussion with the U.S. Coast Guard about what products are the most appropriate for 

contingency planning, both Worst Case Discharge, or a total loss of contents, and Most Probable 

Discharge, or a 10% loss of the Worst Case Discharge volume, the equivalent to the loss of an individual 

tank or smaller chronic losses from multiple tanks, were selected for detailed consequence analysis. To 

date, there are no documented cases of the complete loss of contents from a historic vessel in a single 

catastrophic event. Based on discussions with naval architects, salvage engineers, and responders, oil is 

more typically lost through a series of smaller spills over time. This generally equates to about a 10% loss 

from either one tank at a time or smaller chronic losses from several tanks. However, while a catastrophic 

discharge of the entire vessel contents is unlikely, it provides an important conservative benchmark for 
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planning purposes. As with planning for other types of spill responses, the Most Probable Discharge 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% overall. A 10% release provides a solid 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 tool for oil-spill impact quantification as part of environmental risk 

assessments, contingency planning, hind-cast impact analyses, and natural resource damage assessments. 

Models use knowledge of physical, chemical, and biological relationships along with environmental data 

to simulate pollutant transport, fate, and effects associated with a release of oil. Spill-related impacts are 

typically evaluated based on three factors: water surface oiling (area oiled, mass of oil on the surface), 

shoreline oiling (length/area oiled, shore types affected, mass of oil on shorelines), and water column 

contamination (volume of water exposed above effects threshold, dose). Deposition of oil-contaminated 

sediments is also a concern in some situations. Understanding the environmental 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 wrecks identified in the screening analysis. The general approach was to use an existing, widely 

used and accepted oil-spill impact model, RPS ASAôs Spill Impact Model Application Package (SIMAP), 

to project consequences associated with the priority wrecks identified in the screening analysis. Modeling 

was conducted using SIMAPôs stochastic model to determine the range of distances and directions 

hypothetical oil spills are likely to travel from a wreck site, given historical wind and current speed and 

direction data for the area. Long-term wind and current records at, and around, the wreck site of interest 

were sampled at random and model runs performed for each of 200 selected spill dates and times. This set 

of random dates/times represents the potential environmental 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 oil-spill related impacts that would be expected from 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 

thickness or 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 of spills from other nearby wrecks. 

Model Description 

SIMAP (described in detail in French McCay, 2003, 2004, 2009) is a computer modeling software 

application that estimates physical fates and biological effects of releases of oil. A geographical 

information system (GIS) database supplies values for water depth, sediment type, ecological habitat, and 

shoreline type throughout the modeled domain. An oil property database supplies physical and chemical 

parameters required by the model. 
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The model is designed to simulate 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 pseudo-components: three aromatic fractions considered toxic to 

organisms, three non-aromatic volatile and relatively insoluble fractions, and a nonvolatile insoluble 

(residual) fraction. Each has representative volatility and solubility characteristics for that component. 

 

The three-dimensional physical fates model in SIMAP estimates distribution (as mass, areas and 

thicknesses of oil, and concentrations) of whole oil and oil components in the water column, on the water 

surface, on shorelines, and in sediments. Processes simulated include spreading, evaporation, slick 

transport, mixing, emulsification, entrainment of oil as droplets into the water, dissolution of soluble 

components, volatilization, adherence of oil droplets to suspended sediments, adsorption of soluble and 

semi-soluble aromatics to suspended sediments, sedimentation, stranding on shorelines, and degradation. 

 

ñWholeò oil (containing non-volatiles and volatile components not yet volatilized or dissolved from the 

oil) is simulated as floating slicks, emulsions and/or tar balls, or as dispersed oil droplets 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 thickness, dimensions, and locations 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 (random) dispersion are 

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 a 

simple bioturbation algorithm. Degradation of water column and sediment contaminant is estimated 

assuming a constant rate of ñdecayò in each environment. 

 

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

three decades to simulate fate and effects of oil spills 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 for the U.S. Department of the Interior as the 

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 histories, including the Exxon Valdez and 

other large spills (French McCay, 2003, 2004; French McCay and Rowe, 2004), as well as test spills 

designed to verify the modelôs transport algorithms (French et al., 1997, 2007). 

Vessels Modeled 

The level of effort for this project did not allow for running individual models for all 107
5
 of the wrecks 

identified in the screening analysis. However, environmental conditions are similar enough in several 

                                                 

 
5
 Risk assessments were completed for only 87 vessels, 20 vessels with Low Worst Case and Most Probable scores 

were dropped.  
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locations that, although the release points would vary geographically, the results for a nearby wreck of the 

same oil type would be sufficiently similar as to provide insight into the potential impact scenarios. Thus, 

a set of model results for the oil type, release durations, and spill volumes was applied to nearby wrecks. 

 

Following this approach, wrecks were grouped into clusters based on oil cargo types and geographic 

proximity. The environmental conditions and predominant wind and current directions were also 

considered in pooling locations. Of the 87 priority wrecks, 61 wrecks were 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 clusters. In general, the wreck with the largest volume of oil in each cluster was selected as the 

representative wreck for modeling. The clusters are summarized in Table 3-1; maps showing the clusters 

by U.S. Coast Guard District are shown in Figures 3-1 to 3-4. As an example, in Figure 3-2, there is a 

cluster of three vessels off Florida containing heavy fuel oil; the Manzanillo has the largest volume, so it 

was modeled, and regression equations were used to calculate the potential impacts for the potential 

release volumes of the other vessels in the cluster, namely Managua and Santiago de Cuba. In all, 47 

wrecks were modeled directly, and 40 wrecks were represented by modeling for another vessel. 

 

Table 3-1: Summary of modeled wrecks and associated clustered vessels. An additional 26 vessels were modeled, 
but were not associated with a cluster. 

Modeled Wreck Associated Clustered Vessel(s) 

Cherokee Taborfjell 

Coimbra India Arrow 

Drexel Victory Camden 

Esso Gettysburg Doris Kellogg 

Francis E. Powell China Arrow 

George MacDonald Bloody Marsh, Juan Casiano 

Gulfoil Gulfpenn, Sheherazade, Vainqueur 

Hamlet Cities Service Toledo, Halo 

Lancing Panam 

Lubrafol Pan-Massachusetts 

Maiden Creek Pan-Pennsylvania 

Manzanillo Managua, Santiago de Cuba 

Marine Electric Cayru, Oneida, Northern Pacific, Swiftscout 

Marit II Allan Jackson 

Norlindo Munger T. Ball 

Norness Oregon, Regal Sword 

Ohioan Potrero del Llano 

Prins Willem V Material Service 

Puerto Rican Jacob Luckenbach 

R.W. Gallagher Alcoa Puritan, Gulfstag, Rawleigh Warner, Robert E. Lee, Virginia 

William Rockefeller Buarque, Empire Gem, Ljubica Matkovic, Mormackite, Nordal, Norlavore, Paestum, Venore 
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Figure 3-1: Map of the clusters for U.S. Coast Guard District 1 and District 5. 
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Figure 3-2: Map of the clusters for U.S. Coast Guard District 7. 
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Figure 3-3: Map of the clusters for U.S. Coast Guard District 8 (top) and District 9 (bottom). 
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Figure 3-4: Map of the clusters for U.S. Coast Guard District 11 (top) and District 13 (bottom). 
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Model Inputs 

Modeling inputs include habitat and depth mapping, winds, currents, other environmental conditions, 

chemical composition 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 government-run websites 

(e.g., winds, temperatures), government reports, published literature, and data libraries that RPS ASA 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 found in Appendix C. 

 

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 long-term wind record (usually 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 determine local wind speed and direction. 

 

Currents: Currents have significant influence on the trajectory and oil fate, and they are critical data 

inputs. Dependent upon geographic location, wind-driven, tidal, and background currents are included in 

the modeling analysis. The tidal currents and 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., HYCOM) and/or regional 

hydrodynamic models (e.g., ROMS, HYDROMAP, and BFHYDRO). 

 

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

and toxicity are all greatly enhanced at higher temperatures. Surface and bottom 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 with floating 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 is used to 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 Inputs: Suspended sediment is assumed to be 10 milligrams per liter (mg/L), a 

typical value for coastal waters (Kullenberg, 1982). The settling velocity is 1 meter (m) per day. These 

default values have no significant effect on the model trajectory. Sedimentation of oil and polynuclear 

aromatic hydrocarbons (PAHs) becomes significant at about 100 mg/L suspended sediment concentration. 

 

The horizontal diffusion (randomized mixing) coefficient is assumed to be 10 m
2
/sec for floating oil and 1 

m
2
/sec for surface and deep waters. The vertical diffusion (randomized mixing) coefficient is assumed to 

be 0.0001 m
2
/sec. These are reasonable values for coastal waters based on empirical data (Okubo and 

Ozmidov, 1970; Okubo, 1971) and modeling experience. These coefficients are for modeling small-scale 

transport that is not resolved by the hydrodynamics models providing current data. This smaller-scale 

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 shoreline type, width and angle of the shoreline, viscosity 

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

capacity was based on observations from the Amoco Cadiz spill in France and the Exxon Valdez spill 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 Depths: For geographical reference, SIMAP uses a rectilinear grid to designate the location 

of the shoreline, water depth (bathymetry), and shore or habitat type. The grid is generated from a digital 

coastline using the ESRI ArcInfo-compatible Spatial Analyst program. The cells are then coded for depth 

and habitat type.  

 

In general, the intertidal habitats are 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. Open-water areas were defaulted to sand bottom, as open-water 

bottom type has no influence on the model results. Modeling results for countries adjacent to U.S. where 

habitat data were unavailable were defaulted to sandy beach shoreline habitats. 

 

Depth data are typically obtained from bathymetric contours within the GEBCO Digital Atlas (GEBCO, 

2003). Other bathymetric data sets are used as necessary (e.g., NOAA NOS Hydrographic Survey, NOAA 

Coastal Relief Model, and NOAA Great Lakes Environmental Research Laboratory Bathymetry). 

 

Oil Types: There are thousands of oil types, with varying behaviors and environmental fates. To simplify 

the analysis, modeled wrecks were grouped into three general oil type categories, based on the 

predominant oil type thought to be onboard: 

¶ Light fuel (e.g., marine diesel, fuel oil #2, fuel oil #4) 

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

¶ Crude oil 

 

The oilôs content of volatile and semi-volatile aliphatics and aromatics (the aromatics also being soluble 

so as to cause toxicity in the water column) is defined and input to the model. Tables summarizing these 

properties are provided in Appendix C. 

 

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 viscosities characteristic of these oils. The dispersed oil can be quite 

toxic to water column organisms. Light oils often have a high volatile content; so much of the oil mass 

may evaporate quickly. 

 

Crude oils range from light to heavy (low to high density) with a broad range of viscosities as well. 

However, typically crude oils are more viscous, more persistent in the environment, float longer, and 

more likely to impact shorelines than light fuels. Many crude oils emulsify (take up water) under 

turbulent conditions to form mousse, which makes the oil more viscous and less likely to disperse. When 

crude oils are dispersed by high winds and waves, considerable toxicity can result in the water column. 
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Heavy fuel oil is the most viscous oil type considered. This property makes heavy fuel difficult to 

disperse and highly persistent. For the same spill volume, heavy fuel oil is more likely to strand on 

shorelines and oil wildlife at sea than the other oil types. Releases of heavy fuel oil that occur far offshore 

tend to break up into fields of tarballs that can cover large areas and persist over long time periods. 

Because the lighter, more toxic fractions of the oil are removed during the refining process, the resulting 

water column impacts are generally low for this oil type. 

 

In the model, the representative heavy fuel oil used for this analysis spreads to a minimum thickness of 

975 grams per square meter (g/m
2
) (~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 identical for the 0.01 and 10 g/m
2
 thresholds 

(discussed below). For the crude oil used for this analysis, the minimum spreading thickness is 8.52 g/m
2
, 

so water surface oiling results are very similar for the 0.01 and 10 g/m
2
 thresholds. The light fuel used in 

this analysis spreads to a minimum thickness of 8.56 g/m
2
, but is of low viscosity, so water surface oiling 

results are higher for the 0.01 g/m
2
 than the 10 g/m

2
 threshold. 

 

In some cases in this study, water column impacts decreased with increasing spill volume. This situation 

occurred when a relatively large percentage of the oil was predicted to settle to the sediments. When oil 

does not stay in the water and settles, there is less dissolution in water and, therefore, less water column 

impact. Sedimentation is proportional to both whole oil and sediment concentrations in the water, with 

more settling in shallower water. Thus, spill trajectories that head toward shallow water generally result in 

more sedimentation. For the smaller spill volumes from these wrecks, almost no oil goes to the sediments, 

but for large volumes in some runs a high percentage goes to the sediments (because of high whole water 

concentrations in the water combining with suspended sediments), so little water column impact occurs. 

This behavior 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 Volumes: Releases of oil from the wrecks were assumed to occur at a depth of between 2 to 3 m 

above the seafloor. All releases were modeled as acute in nature (i.e., short-term rather than chronic or 

continuous discharges), with a release duration of 12 hours. 

 

Five spill volumes were modeled for each wreck, consisting of the following:  

¶ Worst Case Discharge (WCD), representing release of all of the cargo oil and bunkers onboard. 

¶ Large release, assumed to be 50% of the WCD. 

¶ Most Probable Discharge scenario, representing the release of all of the oil from one tank. In the 

absence of information on the number and condition of the fuel and/or cargo tanks for all the 

wrecks being assessed, this scenario is modeled using 10% of the WCD.  

¶ Episodic release of 1% of the WCD.  

¶ Chronic release of 0.1% of the WCD, representing a low chronic 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 magnitude and type of impacts with each release. The use of five volumes facilitated the 

development of regression curves that allow for prediction of the area of water surface, shore length, and 
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volume of water that could be exposed above the thresholds for a potential release volume from that 

wreck or nearby clustered vessels.  

Analysis of Results 

The modeling approach involves estimating the areas of water surface, lengths of shoreline, and volumes 

of water exposed above consequence thresholds for a series of oil spill volumes for each wreck. All of the 

impact thresholds are summarized in Table 3-2 and described below. 

 

For water surface impacts, a threshold degree of oiling of 0.01 g/m
2
 (as the amount of oil averaged over a 

modeled grid cell resolution ranging from 0.1 to 3.5 km
2
, depending on location), which would appear as 

a barely visible sheen, oil patches of various amounts of oil, and/or scattered tarballs, was used as the 

threshold for impacts on socio-economic resources because fishing may be prohibited in areas with any 

visible oil to prevent contamination of fishing gear and catch. A threshold of 10 g/m
2
 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 impact birds and other wildlife associated with the water surface (French et al., 1996; 

French McCay, 2009). 

 

For shoreline impacts, an average loading amount of 1 g/m
2
 was used as the threshold for impacts on 

socio-economic resources because that amount of oil would conservatively trigger the need for shoreline 

cleanup on amenity beaches. A threshold of 100 g/m
2
 was used as the threshold for ecological impacts to 

shoreline habitats based a synthesis of the literature showing that shoreline life has been affected by this 

degree of oiling (French et al., 1996; French McCay, 2009). 

 

Table 3-2: Impact thresholds used to estimate consequences. 

Consequence Impact Measure 
Impact 

Threshold 

Oil 

Appearance* 

No. of 1 inch 
Tarballs Rationale 

Impact to ecological 
resources - water 
surface 

Water surface area 
exposed to floating oil 

10 g/m2 Dark brown 
sheen 

~5,000-6,000 
tarballs per acre 

This level of oiling has been 
observed to mortally impact 
birds and other wildlife 

Impact to socio-
economic resources - 
water surface 

Water surface area 
exposed to floating oil 

0.01 g/m2 Colorless and 
silver sheen 

~5-6 tarballs per 
acre 

Fishing may be prohibited in 
areas with any visible oil to 
prevent contamination of fishing 
gear and catch 

Impact to ecological 
resources - shoreline 

Shore length exposed 100 g/m2 Black oil ~12-14 
tarballs/m2 

Based on a literature synthesis, 
this level of oiling affects 
shoreline life  

Impact to socio-
economic resources - 
shoreline 

Shore length exposed 1 g/m2 Dull brown 
sheen 

~0.12-0.14 
tarballs/m2 

This amount of oil would 
conservatively trigger the need 
for shoreline cleanup on 
amenity beaches 

Water column impact Water volume 
exposed to dissolved 
aromatic 
concentrations 

1 ppb (i.e., 
1 part per 

billion) 

N/A N/A Screening threshold for potential 
impacts on sensitive marine 
organisms 

* Oil appearance listed in the table is for a continuous area of oil of the same thickness. In reality, the degree of oiling in the model is based on 

the amount of oil averaged over a large area (dependent on the resolution of the model). For example, 0.01 g/m2 of oil 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 and socio-economic (e.g., commercial fishing) resources were 

quantified 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 concentration is used as a screening threshold for both the ecological and 

socio-economic risk factors for water column resource impacts. Oil spills from sunken vessels would be 

released at low pressures; therefore, the oil droplet sizes would be large enough for the oil to 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 be 10 m deep in the model runs. Contamination in the water column 

changes rapidly in space and time, 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 unaffected by brief exposures 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 sensitive organisms. 

 

The mean results from each scenario were used to 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.e., those that maximized the R-squared
6
 value while providing a reasonable 

function of impact vs. spill volume. These regressions allow for prediction of the area of water surface, 

shore length, and volume of water that could be affected for any potential release volume from the wreck, 

or other nearby wrecks (i.e., the cluster vessels). Figure 3-5 shows the regression curve for the William 

Rockefeller, which was modeled for 5 release scenarios: 150,000, 75,000, 15,000, 1,500, and 150 bbl. 

 

 
Figure 3-5: Regression model for the William Rockefeller with a Worst Case Discharge (WCD) of 150,000 bbl. 

                                                 

 
6
 R2 is a statistical measure, also called the coefficient of determination, which indicates the degree to which the fitted curve 

(formula) accounts for the variability in the data. The higher the R2 value, the better the ñfitò of the regression formula to the data. 
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Model Limitations 

Successful model simulation is dependent on the accuracy of the input data, most importantly spill 

volume, winds, currents, and assumed randomized diffusion rates. Because of the sheer number of vessels 

involved in this screening risk assessment and the large geographic extents required, the readily available 

data sources for currents and winds are often lower resolution and less site-specific than ideal. However, 

despite some uncertainty in each individual trajectory, when taken together, the results from the set of 200 

runs are adequate for the purposes of a screening-level risk assessment. 

 

These results provide a quantitative basis and statistical description of the potential likelihoods and 

magnitudes of oil-spill related impacts that would be expected, which can be used by decision-makers to 

evaluate the need for assessments to fully determine risk and any resultant oil removal or remediation 

operations 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 measured here, 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, and variability and seasonal variation in resources present (which can only be 

addressed in a general way in the screening analysis). 

 

This analysis is meant to provide sufficient detail for a screening-level assessment based on potential risks 

as quantified by excedence of thresholds of concern. Detailed site-, vessel-, and seasonal-specific 

modeling would need to be conducted prior to any intervention on a specific wreck. The specifics of oil 

types and properties, release scenarios, response activities, local currents, and other environmental 

conditions all can influence the fate and effects of released oil and model results. Also, more site-specific 

analysis of exposures to specific resources at risk would be warranted, considering spatial and temporal 

variability in their distributions. In this screening analysis, we were not able to 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 

Assessing risk means evaluating both the probability of an event occurring and the impacts or 

consequences of that event, such that: 

 

Risk = Probability x Consequences 
 

In this risk assessment, there are essentially three steps to the overall risk analysis: 

¶ 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. 

¶ Oil ing Risk: Analysis of the probability that there will be oil exposures to the water column, 

water surface, and shoreline over 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 oil of a certain volume. 
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¶ Ecological and Socio-economic Impact Risk: Analysis of the probability that there will be oil 

exposures to the water column, water surface, and shoreline over thresholds known to cause 

impacts to ecological resources at risk (EcoRARs) and socio-economic resources at risk 

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

of oil of a certain volume. 

Ecological Resources at Risk (Eco RAR) 

Potential impacts to ecological resources at risk are assessed 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 types of ecological 

resources evaluated in the risk analysis include those in Table 3-3. 

 

Table 3-3: Descriptions of the ecological resources at risk considered in the consequence analysis for each wreck. 

Ecological 
Group 

Types of Ecological Resources Included Sensitivity to Oiling 

Seabirds 

Seabirds (e.g., shearwaters, petrels, fulmars, 
albatrosses) are adapted to life on the open ocean. 
Some species come ashore only to breed and live far 
out to sea the rest of the year. Most form medium to 
large nesting colonies, mostly in isolated locations 
with direct access to the ocean. They feed by seizing 
prey while floating on the water surface or hovering 
above the water. A few species occasionally dive for 
food. 

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

Pelagic 
Birds, 

Waterfowl, 
and Diving 

Birds 

Pelagic birds (alcids, murres, puffins), waterfowl 
(swans, geese, dabbling ducks), sea ducks (scoters, 
bufflehead, mergansers, goldeneyes) and coastal 
diving birds (pelicans, cormorants, terns, gulls) mostly 
feed by diving for food, either from the air or the water 
surface (dabbling ducks and frigatebirds are the main 
exceptions). They often form large flocks and spend 
much of the time floating on or swimming in the water. 
Many species form dense nesting colonies.  

Pelagic seabirds are considered to be the most 
sensitive of all marine birds to spilled oil because they 
form large flocks in cold, offshore waters and spend 
much of their time on the water surface. A small amount 
of oiling on these birds can results in hypothermia and 
death. The sensitivity of waterfowl and sea ducks 
depends on their habitat preferences. The most 
sensitive species are those that occur in very large 
flocks during migration and in wintering areas using 
offshore and coastal marine waters.  

Shorebirds 
and Colonial 

Nesting 
Birds 

Shorebirds include plovers, turnstones, sandpipers, 
surfbirds, phalaropes, and oystercatchers. They utilize 
a wide variety of habitats, including sand beaches, 
rocky shores, marshes, and tidal flats. Colonial 
nesting birds include herons, egrets, ibis, spoonbills, 
stilts, avocets, and cranes. They form dense nesting 
colonies in sheltered wetland habitats. 

Shorebirds have low to moderate vulnerability to direct 
oiling because they seldom enter the water. However, 
they can be affected by oil stranded on the shoreline 
and cleanup activities, particularly during nesting and 
the stress of long migrations. Wading birds have low 
vulnerability to oil from offshore wrecks because they 
mostly feed in sheltered areas. However, dense nesting 
colonies can be affected by spill response operations. 
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Table 3-3: Cont. 

Ecological 
Group 

Types of Ecological Resources Included Sensitivity to Oiling 

Sea Turtles 

Sea turtles include: Federal Endangered: Green, 
Kempsô ridley, leatherback, and hawksbill; and 
Federal Threatened: Loggerhead and olive ridley. In 
the U.S., they nest on beaches on the East and Gulf 
coast from Alabama to North Carolina and Caribbean 
islands. They spend much of their life history at sea; 
females return to beaches to nest. 

Oil effects on sea turtles include increased egg mortality 
and developmental defects; direct mortality due to oiling 
of hatchlings, juveniles, and adults; and negative 
impacts to the skin, blood, digestive and immune 
system, and salt glands. They lack avoidance behavior 
and feed indiscriminately in convergence zones where 
they (and oil) tend to concentrate. 

Marine 
Mammals 

Marine mammals include cetaceans (whales, 
dolphins), pinnipeds (seals, sea lions, and walruses), 
sea otters, and manatees. Pinnipeds form dense haul 
out colonies for breeding, molting, and resting. 

The most sensitive marine mammals are those that rely 
on fur to keep warm, such as sea otters and fur seals. 
When their fur is oiled, they have to spend more energy 
to maintain normal temperatures, which may result in 
death by hypothermia and ingestion of oil during 
grooming. Little is known on how oil directly affects 
cetaceans; sublethal effects may be significant. 

Fish and 
Invertebrates 

The focus is on those species and habitats that are:  
Rare, threatened, endangered, and special concern 
species; Commercial and recreational species; Other 
sensitive or important species; Areas of high 
concentration; and Areas where sensitive life-history 
stages or activities occur. 

Early life history stages (eggs, larvae, and juveniles) are 
at risk from oil spills because they have more limited 
mobility, thus less ability to avoid oil. They also have 
lower tolerances to oil exposures. Adults can avoid oil, 
inhabit deeper water, or are able to tolerate a wider 
range of environmental condition. 

Benthic 
Habitats 

Benthic habitats of concern include submerged 
aquatic vegetation, which is important to numerous 
species for spawning and rearing habitat, and hard-
bottom habitats that are often considered habitats of 
particular concern for reef-associated species. 

These habitats themselves would be sensitive mostly to 
spills in nearshore, shallow habitats. They are mostly of 
concern because of the concentrations of other 
sensitive fish and shellfish that concentrate in these 
habitats. 

 

Socio-economic Resources at Risk (SRAR) 

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

significant social and economic impacts. Socio-economic resources at risk for each wreck depend on the 

wreck location. The types of resources that were evaluated in the risk analysis include those in Table 3-4. 

 
Table 3-4: Descriptions of the socio-economic resources at risk considered in the consequence analysis for each 

wreck. 

SRAR Type Economic Activities Sensitivity to Oiling 

Shore 
Communities/ 

Tourist Beaches 

Beach resorts and beach-front residential communities 
provide year-round and seasonal residents and visitors 
with recreational activities (e.g., swimming, boating, 
recreational fishing, wildlife viewing, nature study, sports, 
dining, camping, and amusement parks). They also 
provide substantial incomes for local communities and 
state/local tax income. Depending on the location and 
climate, many of these recreational activities may be 
limited to or concentrated into certain seasons. 

Shore communities and tourist beaches are 
extremely sensitive to oiling. Even if the degree 
of oiling is not enough to cause ecological or 
human impacts, the perception of unsightly 
oiling and tainting of beaches, as well as the 
presence of cleanup crews or closures, can 
cause millions of dollars of damage and lost 
income and property value to property owners 
and commercial interests associated with the 
beaches and shorefront communities.  
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Table 3-4: Cont. 

SRAR Type Economic Activities Sensitivity to Oiling 

Ports/Shipping 
Lanes 

A significant amount of commerce takes place in our 
nationôs ports. Port traffic in and out of our ports includes 
oil and chemical tankers, container ships, bulk carriers, 
vehicle carriers, tank barges, dry cargo barges, military 
vessels, passenger vessels, etc., and forms an important 
part of local, regional, and national commerce. 

Impediments to shipping lanes and traffic in 
and out of ports can cause significant delays 
and involve considerable costs. Total or partial 
blockage of ports or re-routing of ship traffic 
due to significant oil on the water surface 
and/or the presence of response operations 
can affect commerce on a local or regional 
basis. 

Tribal Lands 

Coastal tribal lands and reservations and adjacent or 
nearby water and shoreline resources used by tribes are 
present in many parts of the nation, particularly in 
Washington and Alaska. Tribal populations use coastal 
and water resources for cultural heritage activities and 
rites in addition to residential and commercial purposes. 

Native tribes, tribal lands, and reservations are 
particularly sensitive to impacts from oil, not 
only with respect to economic damage, but 
also to cultural impacts. Oiling of native lands 
can result in cultural heritage impacts that are 
immeasurable. 

State Parks 

Coastal state parks are significant recreational resources 
for the public (e.g., swimming, boating, recreational 
fishing, wildlife viewing, nature study, sports, dining, 
camping, and amusement parks). They provide income to 
the states. Depending on location and climate, many of 
these recreational activities may be limited to or 
concentrated into certain months. 

Like shore communities and beaches, state 
parks are very sensitive to oiling. Even if the 
degree of oiling is not enough to cause 
ecological or human impacts, the perception of 
unsightly oiling and tainting of beaches, as well 
as the presence of cleanup crews or closures 
can cause millions of dollars of damage and 
lost income to states administering the parks. 

Subsistence 
Fishing 

Subsistence fishing takes place in many localities in the 
nation and is of particular concern in waters and 
shorelines near and in tribal lands. In some cases, protein 
from fish and shellfish are the only or most significant 
source of protein for these sensitive human populations. 

In addition to commercial and recreational 
fishing impacts, there can also be impacts to 
subsistence fishing resources with oiling of the 
water column, water surface, and shoreline. 
Actual and perceived tainting of fish and 
shellfish (e.g., shrimp, shoreline clams) can 
occur at relatively low levels of oiling. Mortality 
and significant impacts to fish and shellfish 
stocks occur at higher degrees of oiling, but 
populations that rely on subsistence fishing are 
usually particularly vulnerable as there are few 
substitute food resources. 

Commercial 
Fishing 

Commercial fishing is an important part of the economy 
and food supply for many regions. Shore communities 
and smaller ports often have significant fishing fleets. 
Includes aquaculture facilities.  

Commercial fishing is particularly vulnerable to 
oiling impacts to the water column both 
because of actual mortality and organism life 
cycle impacts (reduction in eggs, larvae, 
reproduction) that can affect the amount of fish 
available in the short term and longer term, but 
also because of tainting or perceptions of 
tainting of fish catches. Public consumers are 
very sensitive to perceptions of potential 
tainting even when the fish are deemed safe 
by authorities. The public will shun fish (and 
shellfish) caught in areas known to have 
experienced a recent oil spill. This can cause 
significant loss of income for commercial 
fishermen. Commercial fishing activities can 
also be affected by the presence of oil on the 
water surface that can adhere to nets, vessels, 
and other fishing equipment, as well as by 
closures related to spill response operations.    
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Table 3-4: Cont. 

SRAR Type Economic Activities Sensitivity to Oiling 

Federal Protected 
Areas 

 
National Wildlife 

Refuges 

National Marine 
Sanctuaries 

National Parks 

National 
Seashores 

National 
Lakeshores 

National wildlife refuges are federally managed and 
protected lands that provide refuges and conservation 
areas for sensitive species and habitats. Some refuges 
are accessible to the public for wildlife viewing and nature 
study. National marine sanctuaries are federally managed 
and protected areas that conserve unique and sensitive 
marine habitats and species. These sanctuaries also 
provide opportunities for snorkeling, diving, and nature 
study. National parks and recreation areas provide unique 
opportunities for recreational activities while preserving 
our nationôs natural and historic treasures. National 
seashores and lakeshores provide recreation while 
preserving and protecting the nationôs natural shoreline 
treasures.  

Federally protected and managed areas, 
including national wildlife refuges, national 
marine sanctuaries, national parks, national 
seashores, and national lakeshores are highly 
sensitive to oiling on the shoreline, water 
surface, and in the case of marine sanctuaries, 
in the water column, because of the oilôs effect 
on the very habitats and species that the 
protected areas are meant to preserve. In 
addition, these national treasures may provide 
income to the federal government through 
visitor fees and rentals. Local economic 
resources (e.g., food, lodging, rentals, and 
equipment) are often dependent on visitors. 

Power Plant 
Intakes 

Coastal power plants are important sources of electricity 
for areas in the vicinities of the plants, as well as for entire 
regions and power grids. 

Power plants (coal, nuclear, hydroelectric, and 
oil) are sensitive to oil in intake water. When 
there is a potential for oiling of the water in the 
vicinity of intakes, the plants may need to shut 
down temporarily. If oil enters the intakes, it 
can cause considerable damage and 
necessitate longer-term shutdowns, which can 
have significant impacts on power supplies 
and costs. 

Wind Farms 

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

Oiling of the structures of wind farms could 
cause moderate damage. The facilities do not 
in and of themselves have water intakes that 
could be impacted. The oiling of the structures 
would nevertheless require cleanup and 
possible damages. 

Offshore Oil 
Exploration and 

Production 

Offshore oil exploration and production facilities 
(platforms, rigs) and related vessel traffic (offshore supply 
vessels) are an extremely important part of our nationôs 
energy production and economy, particularly in the Gulf of 
Mexico, Alaska, and California. 

Impediments to offshore oil activities due to the 
presence of oil on the water surface and 
response operations, as well as oiling of 
facilities and vessels, can cause delays in 
production activities and cause economic 
damages. These facilities 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: 

¶ What is the magnitude of exposure to the water column, water surface, and shoreline and to what 

degree does this exposure exceed thresholds known to cause impacts to ecological and/or 

socioeconomic resources; and 

¶ Are there ecological and socio-economic resources in the area that are potentially at risk for 

exposure to oil above thresholds known to cause impacts; and 

¶ How sensitive are these resources to oil exposure above the threshold levels effects (i.e., what is 

the degree of adverse impact)? 

The EcoRAR and SRAR risk assessment process involves evaluating for both the Worst Case Discharge 

and the Most Probable Discharge risk to three categories: 
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¶ Water Column:  Impacts to the water column and to ecological and socio-economic resources in 

the water column; 

¶ Water Surface: Impacts to the water surface and ecological and socio-economic resources on the 

water surface; and 

¶ Shoreline: Impacts to the shoreline and ecological and socio-economic resources on the 

shoreline. 

 

For each of these three categories, in turn, risk is classified with regard to: 

¶ The probability of oiling  over a certain threshold (i.e., the likelihood that there will be exposure 

to specific resources over a certain minimal amount known to cause impacts); and 

¶ The degree of oiling (the magnitude or amount of that exposure over the threshold known to 

cause impacts). 

 

The EcoRAR and SRAR risk scoring involves a three-step process: 

¶ Analysis of the modeling data to determine oiling probability risk scores for water column, water 

surface, and shoreline oiling, and degree of oiling risk scores for water column, water surface, 

and shoreline oiling; 

¶ 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 these resources, if present, to 

the degree of oiling predicted in the modeling; and 

¶ Final EcoRAR and SRAR risk scoring combining the modeling data scoring and the expert RAR 

evaluations. 

 
A three-point scale of Low, Medium, and High were used to distinguish levels of 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 column risk factor reflects the probability that at least 0.2 mi
2
 of the upper 33 feet of the water 

column (approximately 5.18 million cubic meters) would be contaminated with a high enough 

concentration of oil to cause socio-economic impacts. For this study, the threshold for water column 

impacts to socio-economic resources at risk is an oil concentration 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 shellfish) in the water column; this concentration is used as a screening 

threshold for both the ecological and socio-economic risk factors. 

 
The three risk scores for probability of oiling are: 

¶ Low Oiling Probability: Probability = <10% 

¶ Medium Oiling Probability: Probability = 10 ð 50% 

¶ High Oiling Probability: Probability > 50% 

 
The degree of oiling of the water column reflects the total amount of oil that would affect the water 

column in the event of a Worst Case Discharge or Most Probable Discharge from the vessel. The three 

categories of impact are: 



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

54 

¶ Low Impact: impact on less than 0.2 mi2 of the upper 33 feet of the water column at the threshold 
level 

¶ Medium Impact: impact on 0.2 to 200 mi2 of the upper 33 feet of the water column at the threshold 
level 

¶ High Impact: impact on more than 200 mi2 of the upper 33 feet of the water column at the threshold 
level 

Water Surface Impacts 

The water surface impact risk factor reflects the probability that at least 1,000 mi
2
 of the water surface 

would be affected by enough oil to cause impacts to socio-economic resources. The three risk scores for 

oiling are: 

¶ Low Oiling Probability: Probability = <10% 

¶ Medium Oiling Probability: Probability = 10 ð 50% 

¶ High Oiling Probability: Probability > 50% 

 
The threshold level for water surface impacts to EcoRARs is 10 g/m

2
 (10 grams of floating oil per square 

meter of water surface). At this concentration and above, one would expect impacts to birds and other 

animals that spend time on the water surface. For SRARs, the threshold is lower at 0.01 g/m
2
 (i.e., 0.01 

grams of floating oil per square meter of water surface). At this concentration and above, one would 

expect impacts to socio-economic resources on the water surface, such as closure of fisheries. The 

thresholds for EcoRAR and SRAR impacts differ. This means that there might be impacts to SRARs while 

there might not be any impacts or lower impacts to EcoRARs. 

 

The degree of oiling of the water surface reflects the total amount of oil that would affect the water 

surface in the event of a Worst Case Discharge or Most Probable Discharge from the vessel. The three 

categories of impact are: 

¶ Low Impact: less than 1,000 mi2 of water surface impact at the threshold level 

¶ Medium Impact: 1,000 to 10,000 mi2 of water surface impact at the threshold level 

¶ High Impact: more than 10,000 mi2 of water 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 

the organisms that live on them. In this risk analysis, shorelines have been weighted by their degree of 

sensitivity to oiling. Wetlands are the most sensitive (weighted as ñ3ò in the impact modeling), rocky and 

gravel shores are moderately sensitive (weighted as ñ2ò), and sand beaches (weighted as ñ1ò) are the least 

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 impacts to different 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 valued shorelines (weighted as ñ3ò in the impact analysis), rocky and 

gravel shores are moderately valued (weighted as ñ2ò), and wetlands are the least economically valued 
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shorelines (weighted as ñ1ò). Note that these values differ from the ecological values of these three 

shoreline types. 

 

For EcoRARs, the shoreline impact risk factor reflects the probability that the shoreline would be coated 

by enough oil to cause impacts to shoreline organisms. The threshold for shoreline oiling impacts to 

ecological resources at risk is 100 g/m
2
 (i.e., 100 grams of oil per square meter of shoreline). 

 

For SRARs, the shoreline impact risk factor reflects the probability that the shoreline would be coated by 

enough oil to cause impacts to shoreline users. The threshold for impacts to shoreline SRAR is 1 g/m
2
 

(i.e., 1 gram of oil per square meter of shoreline). Note 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 EcoRARs. The three risk scores for oiling are: 

¶ Low Oiling Probability: Probability = <10% 

¶ Medium Oiling Probability: Probability = 10 ð 50% 

¶ High Oiling Probability: Probability > 50% 

 
The degree of oiling of the shoreline reflects the total length of shoreline that would be affected in the 

event of a Worst Case Discharge or Most Probable Discharge from the vessel. The three categories of 

impact are: 

¶ Low Impact: less than 10 miles of shoreline impacted at threshold level 

¶ Medium Impact: 10 - 100 miles of shoreline impacted at threshold level 

¶ High Impact: more than 100 miles of shoreline impacted at threshold level 

Summaries of Risk Factor Scores 

For each wreck, there are four tables of risk factors presented: 

¶ EcoRAR risk factor scores for Worst Case Discharge 

¶ EcoRAR risk factor scores for Most Probable Discharge 

¶ SRAR risk factor scores for Worst Case Discharge 

¶ SRAR risk factor scores for Most Probable Discharge 

Table 3-5 shows the format of the resources at risk summary table presented for each of the 87 priority 

wrecks. For each table, the probability and degree of oiling are highlighted 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.  

 

Table 3-5: Sample risk factor score summary table for ecological and socio-economic resources at risk. 

Risk Factor Risk Score Explanation of Risk Score Final Score 

Water Column Probability 
EcoRAR or SRAR Oiling 

Low Medium High 
X% of the model runs resulted in at least 0.2 
mi2 of the upper 33 feet of the water column 

contaminated above 1 ppb aromatics 
Depends on Risk 

Scores and 
EcoRAR and 

SRAR Evaluation Water Column Degree 
EcoRAR or SRAR Oiling 

Low Medium High 
The mean volume of water contaminated 

above 1 ppb was X mi2 of the upper 33 feet of 
the water column 
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Table 3-5: Cont. 

Risk Factor Risk Score Explanation of Risk Score Final Score 

Water Surface Probability 
EcoRAR or SRAR Oiling 

Low Medium High 

X% of the model runs resulted in at least 
1,000 mi2 of water surface covered by at least 
10 g/m2 for EcoRAR impacts and at least 1 

g/m2 for SRAR impacts 

Depends on Risk 
Scores and 

EcoRAR and 
SRAR Evaluation Water Surface Degree 

EcoRAR or SRAR Oiling 
Low Medium High 

Mean area of water contaminated was X mi2 
above 10 g/m2 for EcoRAR impacts and 

above 1 g/m2 for SRAR impacts 

Shoreline Probability 
EcoRAR or SRAR Oiling 

Low Medium High 
X% of the model runs resulted in shoreline 

oiling of at least 100 g/m2 for EcoRAR impacts 
and at least 10 g/m2 for SRAR impacts 

Depends on Risk 
Scores and 

EcoRAR and 
SRAR Evaluation Shoreline Degree EcoRAR 

or SRAR Oiling 
Low Medium High 

Length of shoreline contaminated was X mi by 
at least 100 g/m2 for EcoRAR impacts and at 

least 10 g/m2 for SRAR impacts 

Final Resources at Risk Score Determination 

The Final Score is based on evaluating the EcoRARs and SRARs in the 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 degree of oiling risk 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 ecological sensitivity or low socio-economic 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 socio-economic value of EcoRARs or SRARs might indicate a higher risk 

even though the degree of oiling is medium. 

 

The overall risk assessment for each of the 87 priority wrecks is comprised of a compilation of several 

components that reflect the best available knowledge about this particular site. Those components are 

reflected in the previous sections of this document and are: 

¶ Vessel casualty information and how site formation processes have worked each vessel 

¶ Ecological resources at risk 

¶ Socio-economic resources at risk 

¶ Other complicating factors (war graves, other hazardous cargo, etc.) 

 

To make the scoring more uniform and replicable between wrecks, a value was assigned to each of the 

seven criteria for the two release scenarios (Worst Case Discharge and Most Probable Discharge). The 

criteria are pollution potential, ecological resources at risk (shoreline, water surface and water column) 

and socioeconomic resources (shoreline, water surface and water column). This assessment has a total of 

seven criteria with three possible scores for each 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 minimum score is 7. The resulting range 

in scores assigned to the overall category rank and number of wrecks in each category by release scenario 

are shown in Table 3-6. 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 Priority), a vessel had at least five out 

of the seven scores as Medium, or at least one High and three Medium scores. 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 scores. These breaks seemed to appropriately reflect relative degrees of priority. The list 

of 87 wrecks and their final category rank for both release scenarios is shown in Table 3-6. 

 

Table 3-6: Summary statistics for the final category ranks of Low, Medium, and High priority for the 87 wrecks. 

Category Rank Range of Scores 
No. Wrecks for Worst 

Case Discharge 

No. of Wrecks for Most 

Probable Discharge 

High Priority 15-21 36 6 

Medium Priority 12-14 40 36 

Low Priority 7-11 11 45 

 

Challenges and Limitations of Risk Assessment 

Conducting an environmental risk assessment on a single potential pollution source presents many 

challenges based on the availability and accuracy of data, the interpretations of those data, definitions of 

and acceptability of risk, and the ultimate application(s) of the assessment. Conducting a risk assessment 

for a large number of potential pollution sources for the purpose of comparative analyses and 

prioritization increases the complexity and challenges immensely. 

 

For the risk assessment of potentially polluting wrecks, there are a large number of data inputs that may 

limit the ñaccuracyò of the risk assessment, including data on the location and condition of the wreck, and 

the type and amount of oil remaining. In the current risk assessment, the overall quality of the data for 

each wreck, including availability, accuracy, and reliability, is noted. Gathering of accurate data on 

historical wrecks is extremely challenging. Because all modeling of potential impacts of potential oil 

releases assumes that there is oil of a particular type on board the vessel 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 general is that they necessarily deal with probability 

of events occurring in the 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 conditions. A 10% 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 are extensive historical datasets on which to rely for predictions. With wrecks, there is 

a much smaller set of data or past experience on which to make determinations of likelihood of oil 

leakage. 

 

The probability aspects of risk in general, and grasping the meaning of low-probability, high-consequence 

events and the converse, are difficult to apply to planning and decision-making. The acceptability of risk 

of impacts to valuable and sensitive ecological and socio-economic resources is an important 

consideration in the decision-making process. If the risk is deemed ñunacceptableò because of the 

irreplaceability or high value of particular resources, a more aggressive approach may be in order. If the 

risk is deemed ñreasonably acceptable,ò a more conservative approach may be desirable. 
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The modeling results presented in this risk assessment are based not only on 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 

surface, 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, weather, and seasonal patterns in environmental and socio-

economic resource presence and sensitivity that will determine the ultimate outcome of a release. The 

modeling results in this risk assessment were analyzed with regard to ñworst caseò outcome for impacts 

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 it does occur may not follow the 

trajectory (path) and behavior described in the specific scenarios herein. There is no guarantee that certain 

resources will (or will not) be impacted. There is no guarantee that the amount of oil assumed to have 

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

 

The modeling results and the risk assessment in general point only to the magnitude of ñriskò ï that is, the 

likelihood and degree of potential impact ï based on the information currently available. The intent was 

to provide sufficient information so that when the risk assessments are reviewed against local and 

regional priorities, the U.S. Coast Guard, the RRTs, and affected local Area Committees can make 

informed decisions about whether additional actions may be necessary for specific wrecks. Those actions 

could include monitoring, an assessment, or a proactive removal of oil. Again, for wrecks deemed to 

present a relatively high risk, more detailed modeling of potential scenarios would be necessary prior to 

any assessment or response actions.  

Distributions of RULET Wrecks by U.S. Coast Guard District 

While the distribution of vessel casualties around the U.S. is pretty consistent, (as illustrated in ES-1) 

there are some distinct patterns that have emerged in the RULET project. The majority of the casualties 

are from the Battle of Atlantic in 1942, during World War II. Most are found along the Atlantic Seaboard 

and the Gulf of Mexico and were casualties of the ñGreat American Turkey Shootò by German U-boats. 

This reflects where the majority of goods and material were being moved during this period. 

 

Table 3-7 lists all the vessels and their final scores for the Worst Case Discharge and the Most Probable 

Discharge volumes. Figure 3-6 shows the distribution of the scores for the 87 priority wrecks for the two 

release scenarios. Figure 3-7 shows the number of wrecks with known vs. unknown location by U.S. 

Coast Guard District. Figure 3-8 shows the distribution of the 87 wrecks by the three levels of priority by 

U.S. Coast Guard District, for the two release scenarios. Districts 5 and 7 have the most priority wrecks 

for both release scenarios, reflecting the intensity of World War II casualties in the Battle of the Atlantic. 

For the Most Probable Discharge scenario, most of the high priority wrecks are located in District 7. 
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Table 3-7: Overall results of the assessment for Worst Case Discharge (WCD) and Most Probable Discharge. The 
volume listed is the modeled volume. 

Vessel Name Oil Type 
WCD 

Volume 
(bbl) 

WCD Final 
Score 

MP Final 
Score 

Gulfstate Crude 86,000 20 17 

Esso Gettysburg Crude 132,000 18 16 

Francis E. Powell Light 93,000 18 14 

R.W. Gallagher Heavy 86,000 18 13 

Lubrafol Light 80,000 18 12 

China Arrow Heavy 93,000 18 10 

Norness Light 99,000 17 15 

W.D. Anderson Crude 146,000 17 15 

W.L. Steed Crude 78,000 17 13 

Hamlet Crude 77,000 17 13 

Pan-Massachusetts Light 116,000 17 12 

George MacDonald Heavy 115,000 16 15 

Joseph M. Cudahy Crude 90,000 16 15 

William Rockefeller Heavy 150,000 16 14 

Coimbra Light 29,000 16 13 

Maiden Creek Heavy 9,000 16 13 

Doris Kellogg Crude 60,000 16 13 

Cities Service Toledo Crude 93,000 16 13 

Diamond Knot Light 7,000 16 13 

Drexel Victory Heavy 12,000 16 12 

Halo Crude 71,000 15 14 

Fernstream Light 13,000 15 13 

USNS Mission San Miguel Light 15,000 15 13 

John Straub Heavy 13,000 15 13 

Cornwallis Heavy 10,000 15 12 

Lancing Light 77,000 15 12 

Norlavore Heavy 4,000 15 12 

Paestum Heavy 12,000 15 12 

Juan Casiano Heavy 7,000 15 12 

Ohioan Heavy 11,000 15 12 

Jacob Luckenbach Heavy 700 15 12 

Puerto Rican Heavy 21,000 15 12 

Larry Doheny Heavy 73,000 15 12 

Regal Sword Light 23,000 15 11 

Gulfoil Light 55,000 15 11 

Cities Service No. 4 Light 12,000 15 10 

Bloody Marsh Heavy 118,000 14 14 

Potrero Del Llano Heavy 8,000 14 12 

Argo Crude 3,000 14 12 

USS Neches (AO-5) Light 68,000 14 12 

Pan-Pennsylvania Heavy 11,000 14 11 

Allan Jackson Crude 81,000 14 11 

Buarque Heavy 9,000 14 11 

Marit II Crude 84,000 14 11 

Nordal Heavy 8,000 14 11 

Venore Heavy 10,000 14 11 
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Table 3-7. Cont. 

Vessel Name Oil Type 
WCD 

Volume 
(bbl) 

WCD Final 
Score 

MP Final 
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 5,000 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 

Empire 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 

Gulfpenn 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 5,000 9 8 

Note: Colors indicate final priority ranking. Red = High Priority; Yellow = Medium Priority; and Green = Low 

Priority 
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Figure 3-6: Distribution of the final scores for the 87 priority wrecks, for both WCD (top) and Most Probable 

Discharge (bottom). 

 

 

 
Figure 3-7: Number of priority wrecks with known vs. unknown location by U.S. Coast Guard District. 
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Figure 3-8: Distribution of the 87 priority wrecks by U.S. Coast Guard District, showing the number by priority ranks 

of Low, Medium, and High for the two release scenarios. 
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U.S. Coast Guard District 1 

 

 

Name WCD Final Score MP Final Score USCG District 

Norness** 17 15 1 

Coimbra** 16 13 1 

Maiden Creek 16 13 1 

Cornwallis** 15 12 1 

Regal Sword** 15 11 1* 

Cities Service No. 4 15 10 1 

Pan-Pennsylvania 14 11 1* 

Oregon 14 9 1 

Cherokee 13 11 1 

Taborfjell** 11 11 1 

Empire Knight** 11 10 1 

Stolt Dagali** 11 10 1 

Note:  Blue denotes WWII casualties; tan denotes confirmed location; * denotes unconfirmed location; 

remaining are unknown locations; ** denotes foreign flagged. 
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U.S. Coast Guard District 5 

 

 

Name WCD Final Score MP Final Score USCG District 

Francis E. Powell 18 14 5 

China Arrow 18 10 5 

W.L. Steed 17 13 5 

William Rockefeller 16 14 5 

Lancing** 15 12 5 

Norlavore 15 12 5 

Paestum** 15 12 5 

Allan Jackson 14 11 5 

Buarque** 14 11 5* 

Marit II** 14 11 5 

Nordal** 14 11 5* 

Venore 14 11 5 

Oneida 13 12 5 

Mormackite 13 12 5 

Cayru** 13 11 5 

Ljubica Matkovic** 13 11 5 

India Arrow 13 10 5 
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Name WCD Final Score MP Final Score USCG District 

Empire Gem** 12 12 5 

Marine Electric 12 11 5 

Northern Pacific 12 11 5 

Swiftscout 12 11 5 

Panam** 12 9 5* 

Note:  Blue denotes WWII casualties; tan denotes confirmed location; * denotes unconfirmed location; 

remaining are unknown locations; ** denotes foreign flagged. 

 

 
U.S. Coast Guard District 7 ï Florida 
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U.S. Coast Guard District 7 ï U.S. Caribbean Islands 

 
 

Name WCD Final Score MP Final Score USCG District 

Gulfstate 20 17 7 

Esso Gettysburg 18 16 7 

Lubrafol** 18 12 7 

W.D. Anderson 17 15 7 

Pan-Massachusetts 17 12 7* 

George MacDonald 16 15 7 

Joseph M. Cudahy 16 15 7 

Doris Kellogg 16 13 7 

Juan Casiano** 15 12 7 

Ohioan 15 12 7 

Bloody Marsh 14 14 7 

Potrero Del Llano** 14 12 7 

Managua** 13 12 7 

Manzanillo** 13 12 7 

Norlindo 13 12 7 

Munger T. Ball 11 10 7 

Santiago de Cuba** 11 9 7 

Panky** 10 9 7* 

C.O. Stillman** 14 8 7 

Note:  Blue denotes WWII casualties; tan denotes confirmed location; * denotes unconfirmed location; 

remaining are unknown locations; ** denotes foreign flagged. Gulfstate is in Bahamian waters but would 

impact U.S. resources. 
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U.S. Coast Guard District 8 

 
 

 

Name WCD Final Score MP Final Score USCG District 

R.W. Gallagher 18 13 8 

Hamlet** 17 13 8 

Cities Service Toledo 16 13 8 

Halo 15 14 8 

Gulfoil 15 11 8 

Sheherazade** 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 

Vainqueur** 9 8 8 

Note:  Blue denotes WWII casualties; tan denotes confirmed location; * denotes unconfirmed location; 

remaining are unknown locations; ** denotes foreign flagged. 
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U.S. Coast Guard District 9 

 
 

 

Name WCD Final Score MP Final Score USCG District 

Argo 14 12 9 

Prins Willem V** 14 11 9 

Edmund Fitzgerald 12 10 9 

Monrovia** 12 10 9 

Material Service 11 11 9 

Note:  Blue denotes WWII casualties; tan denotes confirmed location; * denotes unconfirmed location; 

remaining are unknown locations; ** denotes foreign flagged. Argo and Edmund Fitzgerald are both in 

Canadian waters but would impact U.S. resources. 
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U.S. Coast Guard District 11 

 
 

 

Name WCD Final Score MP Final Score USCG District 

Fernstream** 15 13 11 

Jacob Luckenbach 15 12 11 

Puerto Rican 15 12 11 

Pacbaroness** 13 11 11 

Note:  Blue denotes WWII casualties; tan denotes confirmed location; * denotes unconfirmed location; ** 

denotes foreign flagged. 

 


