Executive Summary

Risk-Based Decision Making (RBDM) has become an important part of the Coast Guard’s Marine Safety and Environmental Protection mission strategy. RBDM leads to a superior understanding of the maritime system, and can enhance the developing of program goals and priorities, deciding resource allocation issues, developing regulations, and enhancing all aspects of marine safety and environmental protection decision-making. Accordingly, the Office of Response (G-MOR) has undertaken a broad-based risk assessment of the Coast Guard’s Oil Spill Prevention, Preparedness and Response (OSPPR) Program to assess current effectiveness and to provide direction and guidance for the Program in the coming decade. 

This report describes the results of Phase I of the OSPPR Risk Assessment. Phase I seeks to develop the conceptual framework for the risk assessment, assess the nature and availability of input information, and identify key issues to be addressed in the subsequent management analysis and strategy development phase (Phase II). The first portion of the study deals with identifying the nature and frequency of spills from key sources - source characterization, and determining how the sources and causes of spills may vary in the next decade. The second portion of the study analyzes the impacts associated with each source category—impact assessment. Together these two portions of the study produce a risk characterization by source category. The third portion of the study provides an assessment of the overall effectiveness of various prevention, preparedness and response measures in mitigating the threat posed by the various source categories.  The final portion of the study summarizes the findings and conclusions, identifies the key issues to be addressed in the follow-on management analysis, and recommends the next steps to be taken in moving forward with Phase II. 

In analyzing current threats, it is clear that spill volumes entering U.S. waters from tankers and barges decreased substantially in the 1990s. Spill volumes from freighters also declined in the 1990s but not as dramatically. Passenger vessel and fishing vessel spill volumes appear to have increased slightly, probably due to better reporting. Operational discharges from vessels continue to be a poorly defined but potentially significant pollution threat. Recreational vessel spill volumes are small, but these exclude operational discharges from outboard motors (which may be significant possibly exceeding accidental spills from vessels). 

Spill volumes from coastal and nearshore pipelines appear to be relatively steady. Spill volumes from offshore oil and gas platforms decreased somewhat; volumes from marine pipelines increased. There was also an apparent increase in spill volumes from onshore facilities, although this is based on incomplete data (1985–1999) and may be partially due to better reporting. 

Overall it appears that the OPA 90 initiatives have had a positive effect in reducing the threat of point-source oil pollution from many sources. The threat posed by non-point source oil pollution remains poorly defined.

In terms of future spills trend, tanker spill input levels can be expected to remain stable unless there is a very large major spill in the next decade (such as the EXXON VALDEZ). Increases in the volumes of oil shipped by tanker should be offset by the impact of double-hulls and other prevention measures. Tank barge transport volume and spill in put should remain steady for the same reasons. Oil spill input from other non-tank vessel sources should remain static or possibly decrease as modest increases in waterborne commerce (freight movement, passenger movement and fishing) are offset by prevention measures. Operational discharges from all vessels will likewise remain static but may be significant. Operational discharges from recreational craft will remain static or increase somewhat, particularly if the current rapid growth of recreational boating continues.

Spill input from offshore oil and gas exploration and production operations (platforms and marine pipelines) will likely remain static due to declining offshore production in current lease fields and a gradual increase in deepwater operations. Coastal pipeline spill input will remain stable as the increased volume transport is offset by prevention measures and replacement of aging pipelines. Onshore facility spill input is likely to remain stable.

With regard to the economic and environmental impact of spills, tanker spills dominate in terms of environmental (NRDA) and economic costs. Tank barge spills are the second largest source of environmental and economic damage, but contributed only 20% or so of the tanker damages. Environmental and economic damages caused by the other point-source categories are negligible in comparison. The environmental cost of operational and non-point source spills is generally unknown as monetary damages from this type of petroleum input are not subject to NRDA analysis and otherwise difficult to estimate.

The study provides a cursory assessment of the functional effectiveness, applicability and cost-effectiveness of the various prevention, preparedness and response mitigation measures evaluated. This assessment is somewhat subjective and should be revisited in detail as part of Phase II of the project. Additional data are needed from other Federal agency stakeholders in the process who have more specific qualitative information as well as quantitative data on their OSPPR programs. In particular, quantitative information is needed on cost-effectiveness for the various mitigation measures as it is difficult to otherwise characterize this parameter, even for the purposes of relative ranking. 

A number of key issues have been identified which warrant consideration in assessing the magnitude of the risks and formulating management options in Phase II of the OSPPR risk assessment process. Some of these are specific to individual source categories and some are crosscutting issues, which are summarized as follows:

Source Category Issues

· Major spills from tank vessels remain a primary concern because of the volume input from this source category both within the U.S. and worldwide. The current capability to respond to such spills warrants further consideration.

· Spills from non-tank vessels have become an issue particularly after several recent accidents that have involved large spills from bunker tanks. Although consideration has been given to double-hull prevention measures for larger non-tank vessels, there is some question as to the overall applicability and cost effectiveness of this prevention measure. However, requiring Vessel Response Plans for larger non-tank vessels may be an effective additional preparedness mitigation measure.

· Operational discharges from vessels remain somewhat of an open question. Consideration should be given to the adequacy and aggressiveness of U.S. initiatives (particularly under the Port State Control Program) in controlling these discharges.

· Routine discharges into U.S. waters from recreational boats and personal watercraft (PWCs) are an item of concern. There is indication that this input is substantial but it has not been adequately quantified or its potential impact determined. 

· The adequacy of marine salvage capabilities remains an issue in assessing the national capability to respond to vessel accidents and potential spills. The advisability of augmenting the government’s role in marine salvage (either directly or under contract) should be considered.

· Spills from offshore pipelines generally involve damage from vessels rather than failures within the pipelines themselves.  Consideration should be given as to the adequacy of current prevention measures in addressing vessel-related marine pipeline spills.
Crosscutting issues
· It is difficult to maintain a trained cadre of personnel, a substantial pool of best-technology equipment resources, and the interest and support of the Congress and the public in maintaining a high level of preparedness if significant spills are not occurring. In this sense, the OSPPR program may become the victim of its own success. A strategy should be formulated to address this issue in the next decade, particularly if the absence of large, highly visible spills in this country persists.

· Questions have been raised over the past decade with regard to the Federal versus industry role in initiating and managing spill response. Under OPA 90, the Responsible Party plays a lead role in initiating and managing spill response efforts. Although this appears to be a viable approach for spills of reasonable size, there is some uncertainty as to its effectiveness in managing the response to very large spills, particularly if the RP belongs to a small company.

· Over the course of the study, a key shortcoming in determining the magnitude of oil pollution risks, severity of impacts, and effectiveness of mitigation measures has been the lack of an organized, coordinated information collection effort across Federal agency lines to determine the adequacy of the OSPPR program. Consideration should be given to establishing and maintaining a national clearinghouse capability for capturing and preserving this knowledge.

With regard to implementing Phase II of the study, timing is a key consideration. Much of the missing information on oil pollution from operational and non-point sources should be provided by the anticipated National Academy of Science (NAS) study on oil inputs to the marine environment due to be completed early in 2002. It is also clear that the various offices in the Marine Safety and Environmental Protection Directorate (G-M) will remain heavily focused on port security following the terrorist attacks of September 11, 2001. In the meantime, the OSPPR Program is sound for the immediate future. Phase II of the study can be a very important and productive endeavor but will require significant contributions internally from the Coast Guard, as well as other Federal agency stakeholders. The most prudent course of action appears to be postponing implementation of Phase II (perhaps for a year) until the NAS study is completed and G-M resources can be redirected to the task. 
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1.0 INTRODUCTION

1.1    Background and Need for the Study
The Coast Guard’s oil spill prevention, preparedness and response (OSPPR) program has been underway for approximately three decades. The genesis of the program was the Federal Water Pollution Control Act Amendments of 1972, which formally designated the Coast Guard as the lead agency in preventing and responding to oil spills in the coastal and offshore waters of the United States. Throughout this period, the Coast Guard has achieved notable success in reducing the number and severity of spills in U.S. waters, and mitigating the impacts of spills that do occur. This success has been achieved through developing and implementing new regulations requiring that preventative measures be taken to avoid spills; undertaking aggressive inspection, monitoring, and enforcement programs to ensure that vessel and facility owners are complying with these regulations; establishing a national spill response infrastructure to be able to intervene when appropriate actions are not being taken by the spiller; and developing the needed countermeasures and cleanup technologies to respond to spills. This progress has been achieved in collaboration with other agencies, including the National Oceanic and Atmospheric Administration [NOAA], Environmental Protection Agency [EPA], Department of Interior [DOI] Minerals Management Service [MMS] and Fish & Wildlife Service [F&WS] and the Department of Transportation [DOT] Office of Pipeline Safety [OPS]), as well as the individual states and maritime industry. 

Changes in the overall direction and level of resources committed to the OSPPR Program during the 1970s, 1980s, and 1990s were largely driven by legislative changes (such as the Clean Water Act Amendments of 1977), as well as increased national concern about oil pollution triggered by large spills that refocused national attention on the problem. Historically, these events (sometimes referred to as catastrophic spills) occur approximately once every 10 years. Each one highlighted specific gaps in the nation’s oil spill prevention, preparedness, and response capabilities, and prompted changes in the Coast Guard’s Marine Environmental Protection (MEP) mission strategy. For instance, the Santa Barbara spill in 1969 pointed out the need for a national oil spill response plan and infrastructure that resulted in development of the National Contingency Plan. The ARGO MERCHANT spill off Nantucket in 1976 pointed out the need for an offshore, extreme-weather response capability. By far the most notable spill of national significance during the past three decades was the EXXON VALDEZ spill in March 1989. This spill, and several other smaller but notable major spills in the following months, led to the enactment of the Oil Pollution Act of 1990 (OPA 90), a comprehensive legislative action specifically directed at the prevention of, preparedness for, and response to oil spills. 

OPA 90 greatly expanded the scope and intensity of the Coast Guard’s OSPPR Program by mandating a broad array of regulations and federal initiatives to be implemented and enforced by the Coast Guard and other federal agencies, and by providing funding to significantly bolster the Coast Guard’s capabilities to prevent and respond to spills. Prevention initiatives included the testing of mariners for substance abuse, a comprehensive review of navigation safety in U.S. ports and the need for vessel traffic systems (VTSs), more rigorous training requirements for vessel operators, and the phaseout of single-hull tankers and barges with replacement by double-hull vessels. Preparedness measures included higher limits of liability for vessel owners/operators, requirements for vessel response plans (VRPs) and facility response plans (FRPs) along with the designation of Qualified Individuals (QIs) to assume direction of the response effort on the owner/operators’ behalf, development of Area Contingency Plans to better coordinate response efforts at the local level, implementation of a formal spill response exercise and preparedness verification program (Preparedness for Response Exercise Program or PREP), and implementation of a classification program for oil spill removal organizations (OSROs). Response provisions included the setting of minimum cleanup capacities to be addressed in VRPs and FRPs, augmentation of the Oil Spill Liability Trust Fund (OSLTF), revitalization of the federal oil spill research and development (R&D) program, adoption of the Incident Command System (ICS) and the implementation of Natural Resource Damage Assessment (NRDA) procedures. 

These regulations and initiatives, and others that followed, clearly have revitalized and strengthened the federal OSPPR Program. There are also strong indications that these measures have led to a decrease in the severity of spills over the past decade and greatly increased public awareness of the threat oil spills pose to the marine environment. However, there is still cause for concern in that notable oil spills still do occur, and catastrophic spills remain a threat as long as tankers, barges, and pipelines move large volumes of oil through U.S. waters. It is also clear that oil in large quantities may still be entering the environment from smaller but more numerous spills, or through non-point source runoff. There is also concern as to whether OPA 90 regulations and initiatives will adequately address the threat of oil spills in the future. Although OPA 90 is landmark environmental legislation, it was very much driven by a single event, and focuses primarily on tanker and barge spills. Accordingly, it is prudent that the Coast Guard, in partnership with the other federal agencies and industry, take stock of the current situation and look ahead to identify emerging oil spill threats and necessary OSPPR initiatives for the coming decade.

1.2  Purpose and Scope of the Study

OPA 90 and current federal OSPPR Programs have contributed to a general and significant decline in oil inputs into the marine environment. However, there has been no comprehensive assessment of the effectiveness of these measures or an identification of the oil pollution sources that continue to exist, and their causes and impacts. Additionally, there has been no examination of the emerging sources and trends that could contribute to oil pollution in U.S. waters over the next 10 years. To allow the Coast Guard and partnering agencies to develop an effective OSPPR strategy in the coming decade, a strategic assessment is needed that addresses these questions. This assessment poses significant challenges due to our inability to isolate specific factors responsible for the significant decline of oil inputs into the environment. 

Risk-Based Decision Making (RBDM) has become an important part of the Coast Guard’s Marine Safety and Environmental Protection Program as outlined in Commandant Instruction 16010.3 (COMDTINST 16010.3, 2000). It is the program’s policy to use RBDM to enhance decision-making and ensure progress in achieving program goals. RBDM leads to a superior understanding of the maritime system, and can

enhance the developing of program goals and priorities, deciding resource allocation issues, developing regulations, and enhancing all aspects of marine safety and environmental protection decision-making. To the end, RBDM has been designated as a core competency for the Marine Safety and Environmental Protection Program.
Accordingly, the Coast Guard Office of Marine Safety and Environmental Protection is undertaking a broad-based risk assessment of oil spill threats and impacts, as well as of the effectiveness of current threat management and mitigation measures, to provide direction and guidance for the OSPPR Program in the coming decade. 

Simply stated, risk-based decision making (RBDM) is “a process that organizes information about the possibility for one or more unwanted outcomes into a broad, orderly structure that helps decision makers make more informed management choices” (USCG R&D Center, 2001, Volume 2, page 1-5). The overall RBDM process as adopted by the Coast Guard is depicted in Figure 1.1. The first step in the RBDM process is defining the decision structure, which includes determining the decisions that need to be made, identifying key factors that influence these decisions, gathering information about these factors, and identifying key stakeholders in the process. This is a key goal of the first phase of this OSPPR Risk Assessment.

The second step, risk assessment, further defines the undesirable events or situations, determines the likelihood of their occurrence, and estimates how severe the consequences may be. In risk management (third step), the stakeholders analyze the various risks, determine which are acceptable and which are not, and formulate a strategy to reduce risks as necessary. Impact assessment (fourth step) involves tracking the effectiveness of actions taken to manage risks. If the program is not benefiting from actions, it must accept current risks or revisit the RBDM process to find better answers. Throughout the process, there must be open communication with stakeholders to stimulate the flow of information [image: image4.wmf] 
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and obtain buy-in to the process so that all parties support the final decisions and strategies.

Figure 1.1  Risk-Based Decision Making (RBDM) Process. Source: USCG R&D Center (2001).

In actuality, the RBDM process has been continuously, albeit informally, applied in developing and implementing many of the OPA 90 oil pollution prevention, preparedness, and response initiatives. The OSPPR Program’s broad-based risk assessment represents the first time the Coast Guard has applied RBDM principles at a strategic level to gain perspective on the overall direction and effectiveness of the OSPPR Program, and make adjustments to its MEP (Marine Environmental Protection) strategy as appropriate. Phase I of the OSPPR risk assessment focuses specifically on the first two steps in the RBDM process—defining decision structure and assessing risk. The in-depth analysis of management options to reduce risk and the formulation of implementation plans will follow from the current process and decision structure, but will not be addressed as part of it. However, as part of defining OSPPR risk assessment, process and decision structure, methodologies for accomplishing the management and implementation portion of the RBDM process will be investigated and key risks, issues, and problems to be addressed will be identified. This allows for identification of the key input data for the risk assessment and defines the participation of key stakeholders. 

Risk assessments can take many forms, from simple qualitative, intuitive assessments to complex studies involving the use of quantitative data and numerical models. The key to success in the process is completing each step in the most simple, practical way to provide the information decision makers need. Certain scenario-specific RBDM processes often require large amounts of quantitative data and complex analysis methodologies to produce the desired level of specificity and accuracy in the results (e.g., a failure analysis for a nuclear power plant). Other RBDM assessments, particularly those involved in strategic risk-based business planning, rely more on qualitative data and a analysis of overall trends, coupled with the best estimates and intuition of the managers involved in the decision-making process. In this type of risk assessment process, the overall knowledge and insight gained in going through the process, and the stakeholder communication it promotes, are often more significant than any individual conclusion or recommendation generated. The OSPPR Program’s broad-based risk assessment is clearly more of the latter. It is being conducted in a step-by-step fashion, with the data gathered during each step providing the necessary information to move on to the next step, but also providing a better perspective on the process as a whole.

In the context of the OSPPR risk assessment, the undesirable events are continuing or new sources of oil pollution into the marine environment, primarily from accidental spills and operational discharges, which can be prevented or mitigated by action on the part of the Coast Guard and other agency and industry stakeholders. The consequences of these events from a national perspective are continued environmental damage and economic loss from oil pollution. More immediate consequences for the Coast Guard are not attaining MEP mission performance goals (which for fiscal years 2001–2005 include reducing the volume of oil spilled from maritime sources by 20% and reducing the number of medium and major spills by 20% [USCG G-M, 2000]), loss of credibility with industry and the public, and inefficient expenditure of OSPPR Program resources. A subtle but important aspect of the inefficient use of program resources is the continuing expenditure of effort to reduce spills from a particular source category beyond the point of diminishing returns, while emerging threats are neglected. 

This risk assessment will begin with a detailed review and characterization of current and emerging risks of oil spills by industry segment (spill source type). This will be accomplished in Section 2.0 of this study. Risks will be characterized in terms of the number of spills and volume of oil entering the environment from various source categories (magnitude and likelihood of pollution from a certain source category), and consequence (the monetary and non-monetary “costs” of spills occurring including environmental, economic and political impacts). The overall risk of pollution from a specific source category is a function of the probability of occurrence (prevalence of pollution from that category) and the consequences. Regularly occurring events with low to moderate short-term consequences (e.g., recurring hydrocarbon input from a storm drain due to non-point source runoff) may deserve less attention than rarely occurring events with catastrophic consequences (e.g., discharge of a tanker’s total cargo in a pristine environment). However, the long-term impact of chronic events cannot be ignored either. Only by fully characterizing risk events or categories of events can an adequate understanding of the problem be gained. 

For this report, the unwanted events (spills and operational discharges) will be dealt with in the context of the various source categories of oil pollution in the environment (e.g., vessels, pipelines, facilities, natural seeps, and non-point sources). The frequency and likelihood of spills from each category will be assessed based on available statistics on number of spills, volume of spills, causes of spills, and how these statistics may change in the future based on external drivers (e.g., demand for oil, increase in deepwater offshore exploration and production, and composition of tanker and barge fleets). The nature and severity of the consequences will be assessed based on general information from the literature and experience, and quantitative cost data from past major and minor spills as available. This will be accomplished in Section 3.0 of the report.

The second step in the risk assessment process will be an analysis of the sensitivity of various risks to current mitigation measures including prevention, preparedness, and response initiatives that have been or could be implemented to address risks posed by spills from a particular source category. Specific mitigation measures, many of which were mandated or promoted by OPA 90, include:

Prevention:

· Double-hull requirements

· Vessel crew licensing certification and training requirements 

(e.g., development of Standards of Training, Certification and Watchkeeping 
(STCW)

· Vessel management requirements 

(e.g., International Safety Management (ISM) Code and similar industry   
programs)

· Oil transfer spill prevention requirement for vessels

· Emergency response capabilities for towing vessels and barges

· Port state control inspections

· Offshore platform spill prevention measures 

· Pipeline and facility spill prevention measures

· Non-point source control 

Preparedness:

· Federal/state agency contingency planning

(e.g., National, Regional and particularly Area Contingency Plans)

· Responsible party response planning 

(e.g., Vessel Response Plans [VRP] and Facility Response Plans [FRP])

· Other Federal Agency Contingency Planning measures

· OSRO classification program

· PREP exercises

Response:

· National Strike Force augmentation

· NIMS ICS (National Incident Management System – Incident Command System) response doctrine implementation

· Salvage and vessel countermeasures

· Augmented responsible party liability (criminal, civil)

· Mechanical recovery advances 

(e.g., Vessel of Opportunity Skimming System [VOSS], and fast-water recovery    systems)

· Alternative countermeasures advances 

(e.g., in-situ burning [ISB], dispersants)

· Shoreline cleanup advances 

(Shoreline Cleanup Assessment Team [SCAT], washing techniques   
bioremediation)

· Natural resource restoration 

(e.g., enhanced NRDA procedures, new technologies)

Information will be compiled to qualitatively characterize the current contribution and effectiveness of these mitigation measures in preventing or reducing the impact of oil spills from the various source categories. This information will be obtained from a review of the substantial literature compiled in technical papers, reports, and Web pages, as well as the various biennial Proceedings of the International Oil Spill Conference and other workshops and conferences. It will also be derived from the results of the stakeholder public hearing that was held at Coast Guard Headquarters in December 2000. In examining the sensitivity of spill source categories to the various initiatives above, this risk assessment will focus on the following major categories: vessels, facilities, offshore platforms, pipelines, and non-point sources. In each major category, effectiveness of each measure in mitigating the present and future risks associated with a source category will be examined.

The OSPPR risk assessment will seek to identify emergent oil spill risks. It will not attempt to resolve exactly how these shortfalls will be overcome as this is part of the risk management process. It will provide the needed source material to be used in a subsequent risk management analysis to be conducted by the Coast Guard, or by a team of federal and industry stakeholders. Such a risk management analysis could be conducted using a specific RBDM methodology suited or tailored to the OSPPR Program. The purpose of this study is to highlight key problems and issues to be addressed in the management analysis, not to perform the analysis.

As depicted in Figure 1.1, a key aspect in conducting successful risk-based decision making is constant communication with stakeholders. During this study, stakeholder communication was formally initiated by presenting the OSPPR Risk Assessment Project at key OSPPR forums including the 2000 Clean Gulf Conference in New Orleans, Louisiana in November 2000; the University of Massachusetts at Dartmouth Workshop on OPA 90—A Decade Later in Plymouth, Massachusetts in February 2001; and the 2001 International Oil Spill Conference in Tampa, Florida in March 2001. Presentations and discussions at these events alerted federal, state, and industry stakeholders to the study, facilitated identification of data sources for the risk assessment, and provided insight into key issues and problems that should be addressed. In addition, a public hearing was advertised in the Federal Register and held at Coat Guard Headquarters in December 2000 to allow stakeholders to provide comments on the risk assessment and to identify key issues and problems that need to be addressed. Comments and questions were submitted through a public docket and by participants at the public hearing. Off-site participation in the listening session was made possible by broadcasting the session over the Internet. 

1.3 Formulating the OSPPR Risk-Assessment Decision Structure

The overall structure of the OSPPR Program’s broad-based risk assessment is shown in Figure 1.2. This figure depicts the data gathering and analysis process embodied in this study at the highest level.  However, to effectively gather, review and analyze the considerable amount of data needed for the risk assessment, and properly evaluate the significance of this information in the risk assessment, a more detailed understanding of the process is required so that the Decision Structure formulation step in Figure 1.1 can be initialized and then refined as the risk assessment proceeds. This requires a general understanding of the various methodologies that may be employed to conduct the risk characterization and subsequent management analysis. 

Therefore, as part of this study, current RBDM methodologies (such as those outlined in the Coast Guard RBDM Guidelines [USCG R&D Center, 2001]) and applicable risk assessment methodologies successfully employed by other government groups and private industry were reviewed. Examining these methodologies provides perspective into how the information compiled in the OSPPR Program’s broad-based risk assessment ultimately may be used to complete the risk management and impact assessment steps in the RBDM process. Understanding these RBDM methodologies also provides insight on the nature and level of detail of information required to support the process. 

The review and evaluation of the various methodologies relevant to the OSPPR Risk-Assessment is contained in Appendix A-1.  The review focused on various strategic business planning tools and 23 RBDM analysis tools that have either been used or considered for use in supporting Coast Guard Marine Safety and Environmental Protection planning efforts. Although there are a number of methodologies that might be used in conducting the OSPPR risk assessment, the most broadly applicable methodology appears to be a matrix-based approach similar to the comparative Ecological Risk Assessments (ERA) for oil spill response recently conducted in the Galveston Bay and San Francisco Bay by a consortium of Federal, State and private sector stakeholders.  Mapping and adapting the matrix-based ERA process to the OSPPR risk assessment problem suggests a strategic level risk assessment matrix as shown in Figure 1.3 (Figure A- 12 in Appendix A). The matrix in Figure 1.3 provides an overview of the source categories, impacts, and mitigation measures to be addressed, and will serve as a roadmap in gathering and analyzing information collected during the course of Phase I of the OSPPR Risk Assessment. 

In summary, the first portion of the study deals with identifying the nature and frequency of spills from key sources—source characterization (Section 2.0). The second portion of the study analyzes the impacts associated with each source category—impact assessment (Section 3.0). Together these two portions of the study produce a risk characterization by category. The third portion of the study analyzes the sensitivity of the risks to prevention and mitigation by various OPA 90 prevention, preparedness, and response initiatives (Section 4.0). The final section (Section 5.0) of the study will summarize the findings and conclusions in Sections 2.0 and 4.0, and identify the key issues to be addressed in the follow-on management analysis and recommend the next steps to be taken in moving forward with Phase II of the OSPPR Risk Assessment process. 
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Figure 1.2  OSPPR Program’s Broad-Based Risk Assessment Process for Assessing Risk by Specific Source. 
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Figure 1.3  Matrix Outlining Components of the OSPPR Program’s Broad-Based Risk Assessment.
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2.0 Source Characterization

2.1 Overview of Pollution in the Marine Environment
The purpose of this section is to characterize all current and potential sources of oil entering the marine environment, both internationally and nationally, and to provide some overall perspective on how the threat of pollution from each of these sources may change over the next decade. To begin with, volume inputs entering the marine environment will be generally described for both worldwide and U.S. sources in Section 2.1. Subsequent discussions will focus primarily on those sources of oil pollution to U.S. coastal areas and waterways (Section 2.2). This discussion will include an analysis of oil pollution trends in specific source categories and the causes of these spills and discharges. Finally, in Section 2.3 predictions will be made on how these volumes may change because of national and global drivers (e.g., increased national demand for petroleum, increased volume of oil transported by vessel or marine pipeline, number of recreational craft using U.S. waters), and emerging spill sources (e.g., introduction of new offshore exploration and production technologies).

The data utilized in this section come from a variety of sources. Since 1975, the National Academy of Sciences (NAS) has periodically summarized the Inputs, Fates and Effects of Oil Spills in the Marine Environment (NAS, 1975, 1985). A third study of this topic (referred to here as the 2002 NAS study) is currently underway and is due to be completed in the spring of 2002. These reports address the input of petroleum hydrocarbons (PHCs) into the world’s oceans from all sources. In addition to these reports, a substantial literature has evolved investigating the sources, causes, fates, effects, and mitigation measures associated with oil pollution.

Because of the timing of the 2002 NAS study, the oil pollution source data contained in it were not fully available for the purposes of this report. To overcome this, a separate set of data on international and national sources of oil pollution was assembled by Environmental Research Consultants (ERC) specifically for this study. These data have in turn been provided by the various Federal agencies and private organizations that routinely collect oil spill statistical data. The complete ERC data set used in this section is compiled in Appendix B of this report. It is important to note that much of these data will also appear in the 2002 NAS report but may be categorized and presented somewhat differently, and may be subject to different assumptions and interpretations by the NAS panel of experts, such that the numerical estimates of number of spills and volume input may differ somewhat between the two reports. However, the relative magnitude of pollution input from the various source categories should remain constant.

Oil enters the marine environment from a number of sources both anthropogenic (created by human activities) and naturally occurring. Inputs can be point-source inputs (originating from a specific location) and non-point-source inputs (longer term, nonspecific location). 

The sources of PHCs addressed here (generally those addressed in the NAS reports [1975, 1985]) include:

· Natural Input (including natural seeps and erosion)

· Marine transportation (including accidental spills from vessels and marine facilities, and operational discharges from vessels)

· Offshore oil and gas production (including accidental spills from offshore platforms, operational discharges from platforms, and spills from marine pipelines)

· Onshore oil pipelines (including land pipeline spills that reach the marine environment)

· Onshore facilities (including spills from industrial facilities and operational discharges from industrial facilities and municipal treatment plants)

· Coastal and urban runoff (including all hydrocarbons that enter the marine environment from land-based non-point sources)

· Atmospheric input (non-point-source input of hydrocarbons from the atmosphere into the world’s oceans)

2.1.1 Natural Sources

Natural sources of PHCs include submarine seepage and erosion of sedimentary rocks. The 1985 NAS report estimated that the overall input into the world’s oceans from natural seeps was 0.20 Mtonnes/yr (million metric tons per year) or 58.8 Mgal/yr (million gallons per year). Natural seeps occur in three general locations in the U.S. waters:  in the Gulf of Mexico, along the Southern California Coast, and in the Gulf of Alaska. Recent estimates of oil input from natural seepage into U.S. waters (summarized in Appendix B-1) range from 8.5 to 29.2 Mgal/yr. The midpoint of this range is 18.9 Mgal/yr. Although this is a relatively large volume (the EXXON VALDEZ spilled 11 Mgal), these seepages occur over a wide area and long duration such that the visibility and impact of these seepages does not attract attention, for the most part cannot be prevented, and rarely warrant cleanup. No direct estimates are available on PHC inputs from erosion (the deterioration of hydrocarbon bearing sedimentary rocks) into U.S. waters, although the 1985 NAS report estimates that on a worldwide basis the volume of erosional PHC input is 20% of the natural seepage volume (15 Mgal/yr). Inputs from erosion are even less visible than natural seepage and not amenable to any human mitigation measures. Inputs from these sources change very little over time based on geologic activity and certainly not within the time window of this study 1970–2010. Although the Coast Guard may be called upon to investigate natural discharges from time to time, cleanup potential is small. Accordingly, they will not be addressed in detail in the subsequent analysis.

2.1.2 Maritime Transportation

In terms of direct relevance to the Coast Guard’s OSPPR Program, the most significant source category of PHC inputs into the marine environment is marine transportation activities. For this source category, the Coast Guard has direct oil pollution prevention, preparedness, and response mandates and capabilities. Specific point sources within this source category include tankers, barges, other commercial vessels (freighters, container ships, passenger vessels, tugs, and fishing vessels), and recreational vessels, as well as marine facilities storing and transferring oil. The activities that result in discharges from these sources include accidental spills caused by vessel casualties (e.g., groundings, collisions, and allisions), accidents during transfer operations (e.g., tank overfilling and hose rupture), operational discharges (e.g., tank cleaning and bilge pumping), and accidental discharges at marine facilities (e.g., marinas, drydocks, and other marine transportation-related facilities). The 1975 and 1985 NAS reports estimated the worldwide inputs from marine transportation sources to be 2.1 Mtonnes/yr (617 Mgal/yr) and 1.45 Mtonnes/yr (426 Mgal/yr), respectively. 

Accidental spills account for a significant percentage of the volume of oil entering the world’s oceans. Data compiled by Environmental Research Consulting (ERC) for this study (Appendix B-2) indicate that in the decade from 1990–1999, 104,996 tonnes/yr (30 Mgal/yr) of oil were spilled into the marine environment. Of this volume, 88,972 tonnes/yr (26.1 Mgal/yr) were spilled from tankers, 2,606 tonnes/yr (0.77 Mgal/yr) were spilled from barges, 5,592 tonnes/yr (1.64 Mgal/yr) were spilled from non-tank vessels, 4,646 tonnes/yr (1.36 Mgal/yr) were spilled from pipelines, 2,747 tonnes/yr (0.81 Mgal/yr) were spilled from onshore facilities, and 403 tonnes/yr ( 0.12 Mgal/yr) were spilled as a result of offshore exploration and production activities.  On a national basis, the ERC data estimates that 1.67 Mgal/yr entered U.S. waters from vessels with 0.56 Mgal/yr contributed from tankers. 0.60 Mgal/yr contributed by barges, and 0.20 Mgal/yr contributed by other vessels. These figures are for accidental spills and are base on data from 1990-1999.

Figures 2.1 and 2.2 provide an overview of the sources of spilled oil worldwide and in the United States. In the context of this discussion, the marine transportation sources include tankers, barges, other vessels, and marine facilities. (Marine offshore pipelines will be addressed as a separate source category.) Thus, roughly 21% of the oil spilled in the United States originates from marine transportation sources (and presumably all enters U.S. waters).
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Figure 2.2  Total U.S. Oil Spillage by Percentage for Various Source Categories, 1990–1999. E&P, exploration and production; OCS, Outer Continental Shelf. Source:  ERC data compiled for this study (2001).
During the same period, roughly 46% of the oil spilled worldwide originated from vessels. In terms of the current volume of oil spilled from marine transportation (maritime) sources in U.S. waters, the G-M Business Plan (USCG G-M, 2000) reports that the total volume from marine transportation sources in 1995–1999 was roughly 5.9 Mgal or 1.2 Mgal/yr. However, the 10-year average of oil spilled from vessels alone during the period 1990–1999 was roughly 1.7 Mgal/yr, with a significant portion of the volume coming from larger spills. Accordingly, a conservative estimate of oil spilled from marine transportation sources in U.S. waters at this time is 1.5 Mgal/yr. It is important to note that the 1990–1999 figures for the United States must be considered carefully, as these figures do not contain volumes from any very large or catastrophic spills. This aspect of the oil spill picture will be discussed in more detail later in this section.

Other marine transportation activity resulting in the discharge of oil into the marine environment is operational discharges, which include oil discharged from tank cleaning, oil contained in discharged ballast water, and oil from machinery spaces discharged in bilge water. On a worldwide basis, according to the 1985 NAS report, just under half of the volume total from marine transportation sources (0.7 Mtonnes/yr or 205 Mgal/yr) was attributed to operational tanker discharges. According to data compiled for this report (Appendix B-3), the total operational discharges from vessels worldwide was estimated at 172 Mgal/yr based on 1990 data compiled by IMO and assuming partial MARPOL compliance. This included the estimated discharge of 14.4 Mgal/yr from machinery spaces, 147 Mgal/yr of fuel oil sludge, and 10.7 Mgal/yr in tank washings. In contrast to the 28.5 Mgal/yr estimate for input from accidental vessel spills mentioned above, this indicates that roughly 15% of vessel input came from vessel spills while 85% comes from operational discharges. This is significant as accidental spills receive more attention than operational spills.  

In addressing the input into U.S. waters from operational discharges, there are some important differences between the national and worldwide situations that must be considered. Discharges within 50 miles of the U.S. coast are strictly regulated and monitored. Tank cleaning is prohibited by MARPOL within 50 miles of the coast. Oil content in routine bilge water discharges is limited to 15 parts per million (ppm) (set by MARPOL and U.S. regulations), usually accomplished by processing the discharge water through an oil/water separator, and the discharge of oily ballast is negligible. Although there are cases where oil appears to be illegally entering U.S. waters from tank cleaning or bilge pumping (such as in the Straits of Florida), these are rare events, and the volumes are difficult to quantify. Generally, vessel operators are likely to avoid these illegal practices because of ongoing monitoring by the Coast Guard and stiff civil and criminal penalties for violators under U.S. law. Accordingly, for the purposes of this study, it is assumed that operational discharges in U.S. waters are a small percentage of the oil input volume when compared to the accidental spill volume. As there are no accurate data on the actual magnitude of these discharges, it is difficult to substantively address them in the context of this study.

2.1.3. Offshore Oil and Gas

Offshore oil and gas exploration and production activities are another source category that is of some concern to the Coast Guard. Specific sources included in this category are offshore oil exploration and production platforms, marine pipelines that transport the oil from the platforms to the shore, and floating production, storage and offloading systems (FPSOs), which are essentially large oil production and storage vessels that extract oil from the seafloor, store it onboard, and then periodically lighter their contents to other vessels for transport to shore. Currently, there are only a few of these units in operation worldwide, and none in U.S. waters. However, because of oil exploration and production operations moving further offshore, particularly in the Gulf of Mexico, there are active plans for operating additional FPSOs in the United States in the coming decade.

Specific activities and events that result in discharges from these sources include accidental spills caused by well blowouts, vessel/platform and vessel/pipeline collisions and allisions, and pipeline leaks due to corrosion, as well as operational discharges of oil in the “produced water” from production operations. In addition, oil enters the environment from air emissions from oil production, transport, and refining in the form of volatile organic carbons (VOCs). A portion of these VOCs eventually enters the marine environment.

On a worldwide basis, the amount of petroleum entering the marine environment during the pre-1980 period from oil and gas production activities was estimated at 40,000–70,000 tonnes/yr (11.8–20.6 Mgal/yr), with a midpoint of 16.2 Mgal/yr according to the 1985 NAS report. During the period 1990–1999, the amount entering the marine environment worldwide  from offshore oil and gas production sources was 403 tonnes/yr or 0.12 Mgal/yr, according to data compiled by ERC for this study (Appendix B-2). 

The average accidental spill input of oil from oil and gas facilities on the U.S. Outer Continental Shelf (OCS) has been far less than the worldwide spill input at roughly 40,000 gal/year (0.040 Mgal/yr). As with the worldwide picture, the amount of PHCs entering U.S. waters from offshore oil- and gas-related accidental spills is only a fraction of that entering from operational inputs. The volume input reduction that could be achieved by further oil spill prevention- and response-related initiatives is therefore limited as well. Here again, as with the vessel spill input into U.S. waters, the 1990–1999 offshore production input reflects the absence of any large or catastrophic spills during this period. Reducing the levels of operational input will probably require further water discharge and air emissions limits imposed by the Minerals Management Service (MMS), which regulates U.S. offshore oil and gas production activities.

FPSOs, a somewhat separate category of offshore oil production facility, are gaining visibility in the United States. There are several variations of FPSOs in operation worldwide:

· The full FPSO is a tanker-based system capable of producing, storing, and offloading crude oil directly to a shuttle tanker or single point mooring (SPM). An FPSO may be a converted trading tanker or a new-build vessel. 

· A floating production system (FPS) is a non-tanker-based system that is capable of producing crude oil but has no storage capacity, and therefore exports its cargo directly to shore via pipeline or SPM. 

· A floating storage and offloading system (FSO) is a tanker-based storage system that stores oil and then offloads it to a shuttle tanker directly or through an SPM.

A synopsis of the oil spill record of these floating offshore systems is provided in Appendix B-4. Worldwide, numerous systems have been or are currently in operation:  204 FPSOs, with four previously in the United States; 107 FSOs, with 0 in the United States; and 93 FPSs, with nine previously in the United States. These systems have had a total throughput of nearly 29,484 Mgal/yr. Worldwide, there have been 204 oil spills associated with these systems, for a total of 197,131 gal spilled. Only one of the four FPSOs that operated in the United States was involved in any oil spills:  the Santa Ynez FPSO was involved in four spills, for a total of 630 gal spilled, of which the largest incident involved 336 gal. None of the nine FPSs in the United States has reported any spills during their period of operation

2.1.4 Pipelines

Another significant source of PHCs entering the marine environment is discharges from pipelines—both offshore marine pipelines and land pipelines where the oil enters the water. The data compiled by ERC for this study indicate that during the 10-year period from 1990–1999, approximately 4,646 tonnes/yr (1.36 Mgal/yr) of oil entered the marine environment worldwide from pipeline spills. In U.S. waters, the ERC data indicate that the amount of oil entering from U.S. waters was only a fraction of this at approximately 84,000 gal/yr (0.084    Mgal/yr). Only about 4% of this volume was discharged from marine pipelines, with the vast majority coming from land-based pipeline spills where the oil eventually entered U.S. waters.

2.1.5  Land Based Facilities

The next source category to be considered is land-based facilities including both industrial facilities (e.g., factories and refineries) and municipal facilities (e.g., power plants and sewage treatment plants). A 1981 National Research Council workshop on the topic provided an overall estimate of PHCs entering the world’s oceans from facilities of 1.05 Mtonnes/yr (most probable estimate) or 308 Mgal/yr (NAS, 1985). The most probable estimates for input from each the specific sources mentioned above were 0.75 Mtonnes/yr (220 Mgal/yr) from municipal sewage, with a likely range of 0.4–1.5 Mtonnes/yr (117- 441 Mgal/yr); 0.2 Mtonnes/yr (59 Mgal/yr) from nonrefinery discharges, with a likely range of 0.1–0.3 Mtonnes/yr (29 – 88 Mgal/yr); and 0.1 Mtonnes/yr (29.4 Mgal/yr) from refineries, with a likely range of 0.06–0.6 Mtonnes/yr (18 – 176 Mgal/yr). 

Data compiled by ERC for this study (Appendix B-2) indicate that the worldwide contribution from facilities and pipelines is (2.17 Mgal/yr), with approximately 1.36 Mgal/yr coming from pipelines and 0.81 Mgal/yr of this coming from facilities. Although much of the prevention responsibility for these spills rests with the EPA, the Coast Guard routinely is involved in the response to these spills as they generally occur in the coastal zone. 

2.1.6  Non-Point Sources

The sources described thus far have been point sources, which are location specific and generally can be addressed by prevention and/or response initiatives. Two significant non‑point-source contributors of PHCs to the marine environment are urban and coastal runoff, and atmospheric input (atmospheric deposition and air-sea exchange). The 1985 NAS report provided most probable estimates of the worldwide contribution from urban runoff and river discharges at 0.16 Mtonnes/yr (47 Mgal/yr). However, estimates of input from these sources vary widely among experts depending on the assumptions, input data and computation methods. A considerable amount of effort and debate is ongoing on this topic in completing the 2002 NAS study.

Hydrocarbon runoff from urban and coastal areas is a significant contribution in comparison with the various point-source contributions outlined above. However, the individual point sources contributing to this input are difficult to identify and even more difficult to mitigate as regulatory measures and pollution prevention programs addressing coastal and urban runoff are just now being implemented. These discharges may be reported to the Coast Guard when the hydrocarbon concentration in runoff water creates a sheen, which represents only a fraction of the volume in question and rarely results in cleanup activity. Accordingly, this source category will not be addressed in detail as part of this study.

The 1985 NAS report provides a most probable contribution from the atmosphere at 0.3 Mtonnes/yr (88 Mgal/yr). As with the coastal and urban runoff, any reduction in these inputs would be within the purview of the EPA, and none of these inputs would result in a spill that the Coast Guard or any other agency would respond to. Accordingly, this source category will not be addressed in detail as part of this study.

Table 2.1 summarizes the data that are available to date on the contributions of oil from the various categories into the marine environment worldwide. Where recent total figures exist for U.S. sources, these are included as well. The table’s data sources are the 1985 NAS report data reflecting the 1970s, the ERC data compiled for this study (Appendices B1-B5), and the G-M Business Plan data (USCG G-M, 2000).

An in-depth comparison of the data in Table 2.1 is difficult because of the different data sources and different methods for estimating inputs. There are significant differences in the estimates for worldwide inputs of oil into the marine environment as reported by the 1985 NAS report (which represents the situation in the early 1980s) versus the more current ERC data (which represents conditions in the 1990s). There is currently very limited up-to-date information available for onshore industrial and municipal facility and non-point source pollution input contribution (both worldwide and in the U.S.), as well as offshore facility operational discharges and atmospheric deposition. However, two major studies are currently underway that will hopefully provide better data within the next year. One is the ongoing National Academy of Sciences Study on Oil Inputs, Fates and Effects (NAS 2002), and the other is a similar study by the Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP), a UN sponsored organization. Both focus on worldwide Inputs, but the NAS study investigates U.S. inputs in detail.

Table 2.1 Annual Estimated Inputs of Petroleum into Waters Worldwide.

	
	Petroleum Input (Mgal/yr)

	Source Category
	World
	U.S.

	Point Source
	
	

	Natural seepage
	58.8a
	18.9b

	Marine transportation
	         426a

         28.5b


	1.67b

	Accidental spills
	30.8b
	1.7c

	Tankers
	26.1b
	0.56b

	Barges
	0.77b
	0.60b

	Non-tanker 
	1.64b
	0.20b

	Transportation Facilities
	0.81b
	

	Operational discharges
	       205a
172b
	0.84b

	Pipelines
	1.36b
	0.084b


	Offshore facilities
	
	

	Accidental spills
	16.1a

	1.3b

	Produced water
	
	

	VOC emissions
	
	

	Marine pipelines
	
	0.003b

	FPSO spills
	~0
	~0

	Onshore facilities
	308a
	

	Municipal/sewage
	220a
	

	Industrial facilities
	59a
	

	Refineries
	29.4a
	

	Non-Point Source
	
	

	Coastal/urban runoff
	47a
	


	Atmospheric
	88a

	



Note:  Mgal/yr, million gallons per year; FPSO, floating production, storage, and offloading system; VOC, volatile organic carbon.

a  NAS (1985).
b  ERC data compiled for this study (2001) Appendix B1-B5

c  USCG G-M (2000).


Two general observations can be made with respect to marine transportation related spills. First, it is clear that there has been a significant decrease in the amount of oil entering the marine environment through accidental spills over the last two decades. Secondly, there is evidence that operational discharges from vessels still constitute a significant contribution to oil pollution worldwide. With respect to the status of shore-based (both point source and non-point source) pollution, and atmospheric inputs, these will be addressed by the 2002 NAS study.

For the purposes of making relative comparisons of  oil spill risk as it relates to the Coast Guard’s OSPPR Program, it is important that the data for U.S. waterways be complete and comparable. Therefore, for the analysis of trends and causes by source category in the next section of this study, a complete and up to date data set was compiled by Environmental Research Associates. These data were complied carefully from various sources specifically for this study and represent the best possible data set available for this purpose.

In summary, oil enters the marine environment from both anthropogenic (created by human activities) and naturally occurring sources. Inputs can be point-source inputs (originating from a specific location) and non-point-source inputs (longer term, non-specific location).  The sources addressed here (and also addressed in the NAS reports (1975, 1985) include natural input (including natural seeps and erosion); marine transportation (including accidental spills from vessels and marine facilities, and operational discharges from vessels); offshore oil and gas production (including accidental spills from offshore platforms, operational discharges from platforms, and spills from marine pipelines);  onshore oil pipelines (including land pipeline spills that reach the marine environment) ;  onshore facilities (including spills from industrial facilities and operational discharges from industrial facilities and municipal treatment plants); coastal and urban runoff (including all hydrocarbons that enter the marine environment from land-based non-point sources); and atmospheric input (including non-point-source input of hydrocarbons from the atmosphere into the world’s oceans). In terms of direct relevance to the Coast Guard’s OSPPR program, the most significant source category of PHC inputs into the marine environment is marine transportation activities. Other sources of interest to the federal oil spill agencies are offshore and onshore pipelines, offshore exploration and production facilities, and onshore facilities. Accordingly, the subsequent risk characterization for U.S. waters will focus on these categories. Non-point source inputs are an important consideration inn the overall oil pollution reduction strategy, but further characterization of these inputs await the results of the 2002 NAS study. 

2.2  Trends and Causes of Oil Spills in U.S. Waters

Section 2.2 provides a general discussion and analysis of the trends and causes of oil inputs into U.S. waters from the source categories previously identified. These point-source categories are of direct interest to the Coast Guard as well as other federal stakeholder agencies based on OSPPR responsibilities. The primary source of the data  contained in the figures and tables within this section  is the ERC data set. Supplemental data relevant to trends and causes of spills in U.S. waters is contained in Appendix B-5.

2.2.1  Marine Transportation

As indicated above, marine transportation sources are the primary focus of the Coast Guard’s OSPPR Program and the target of aggressive program initiatives, particularly since the implementation of OPA 90. Of key concern is the accidental spilling of oil from vessels including tankers and barges, as well as fuel oil spills from other commercial vessels.

Figure 2.3 shows the trends for vessel spills in U.S. waters from 1973 through 2000. There is clearly a declining trend in the volume of oil entering U.S. waters with each decade. The volume of oil entering U.S. waters declined from 7.7 Mgal/year in the 1970s, to 5.0 Mgal/yr in the 1980s, to 1.7 Mgal/yr in the 1990s. The number of spills greater than 1 gal has increased in the 1990s, probably because of the increased awareness of spill reporting requirements and fear of prosecution for not reporting spills. Figure 2.4 shows the same data except that the volume contribution from major spills (more than 100,000 gal) is delineated. Very large spills are noted because of their significant input on spill trends in a given year.  It is clear that the contribution to the input volume from major spills is far more significant in the 1970s and 1980s than that from smaller spills (less than 100,000 gal). If the major spill volumes are subtracted, there is a decrease in overall spill volume from 1973–1999, but the decrease is nowhere near as dramatic. Of particular significance is the contribution of very large spills (spills of national significance), such as those mentioned by name in Figure 2.4. One such spill in a decade can significantly change the spill input picture. There have certainly been reductions in oil spilled in the 1990s, and these reductions undoubtedly are due, at least in part, to OPA 90 initiatives. However, the magnitude of this reduction is accentuated by the lack of  very large spills. Whether the reduction in the number of very large spills is directly attributable to OPA 90, or is at in part due to chance, is open to conjecture.

Figure 2.5 shows the relative contribution of oil by vessel type during the period 1985–1999. Table 2.2 provides the number and volume of oil spilled by vessel type for this period using an overall input from this volume of 42,301,810 gal taken from data compiled by ERC for this study (Appendix B-5 and percentages in Figure 2.5). The data in the table clearly show that (during the period 1985-1999) tankers are the major contributor of spilled oil into U.S. waters in terms of volume spilled, followed closely by barges. It is therefore appropriate that these two vessel types were addressed specifically under OPA 90. Freighters (including bulk carriers and container ships) are the third largest contributor, and fishing vessels are fourth in volume contributed. While the number of recreational vessel spills is relatively high, the volume contributed is negligible in terms of oil spilled. (This, [image: image8.wmf]Oil Spills From Coastal and Nearshore Pipelines Into US Navigable Waterways
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however, neglects the contribution of PHCs discharged by recreational vessels and Personal Water Craft using two-stroke outboard engines.)

Figure 2.3  Volume of Oil and Number of Spills From Vessels in U.S. Waters (Marine and Inland), 1973–2000. Source:  ERC data compiled for this study (2001).
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Figure 2.4  Oil Spillage from Vessels in U.S. Waters Showing Contribution of Major Spills, 1973–2000. Source:  ERC data compiled for this study (2001).
Figure 2.5  Relative Amounts of Oil Spilled by Different Vessel Types in U.S. Waters, 1985–1999. Source:  ERC data compiled for this study (2001).
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Table 2.2  Volume of Oil and Number of Spills by Vessel Type in U.S. Waters, 1985-1999.

	Vessel Type
	% by Volume
	Volume (gal)
	% by Number
	Number

	Tanker
	55.4
	23,435,203
	8
	4,640

	Barge
	27.6
	11,675,300
	17
	9,861

	Freighter
	8.7
	3,680,257
	10
	5,801

	Fishing
	4.3
	1,818,978
	23
	13,341

	Passenger
	0.5
	211,509
	5
	2,900

	Recreational
	0.3
	126,905
	15
	8,701

	Other vessel
	3.2
	1,353,658
	22
	12,761


Source:  ERC data compiled for this study (2001).

Figure 2.6 shows an overview of the volume contributions of spilled oil into U.S. waters by spill cause for the period 1990–2000. Table 2.3 provides these data in tabular form indicating both the number of spills and the volume contribution associated with each cause. In considering these data, the causes can be divided into two groups:  nonroutine accidental spills and routine operational spills. Nonroutine accidental spills include spills caused by allisions/collisions, equipment failures, fires and explosions, groundings, sinkings and capsizings, and structural failures. Routine operational spills include at-dock discharges, bilge/ballast discharges, bunkering/loading/lightering discharges, in-transit discharges, offshore stationary discharges, and repair/maintenance discharges. Nonroutine accidental spills accounted for 6,016,459 gal from 1990–2000 (for an average of 0.55 Mgal/yr), while routine operational spills account for 8,959,792 gal (for an average of 0.81 Mgal/yr). This suggests that improvement is possible, particularly in reducing the more routine spills, which are significant both in number and volume contribution. It also should be noted, however, that within this time period, one very large major spill (always caused by nonroutine accidents) may have shifted the contribution volume to nonroutine accidental causes.

Figure 2.6  Average Annual Vessel Oil Spillage By Spill Cause in U.S. Waters, 1990–2000. Source:  ERC data compiled for this study (2001). 
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Table 2.3  Vessel Oil Spillage by Spill Cause in U.S. Waters, 1990–2000

	
Spill Cause
	Total Gallons Spilled
	Annual Gallons Spilled
	Number of Spills 
(1 gal and up)
	Average Spill Size (gal)

	Underway Spills
	
	
	
	

	Allision/collision
	1,249,582
	113,598
	156
	8,010

	Equipment failure
	61,913
	5,628
	434
	143

	Fires/explosion
	1,175,901
	106,900
	147
	7,999

	Grounding
	1,253,696
	113,972
	297
	4,221

	Sinking/capsizing
	500,025
	45,457
	1,180
	424

	Structural failure
	1,775,342
	161,395
	427
	4,158

	Transfer Operation Spills
	
	
	
	

	At-dock discharges
	522,222
	47,475
	5,068
	103

	Bilge/ballast discharges
	5,099,156
	463,560
	5,359
	952

	Bunkering/loading/lightering
	1,139,576
	103,598
	4,897
	233

	In-transit discharges
	2,091,513
	190,138
	404
	5,177

	Offshore stationary discharges
	92,457
	8,405
	118
	784

	Repair/maintenance discharges
	14,868
	1,352
	536
	28

	Other/Unknown
	1,966,892
	178,808
	29,191
	67

	Total
	16,943,143
	1,540,286
	48,214
	351


Source:  ERC data compiled for this study (2001).
In examining trends in vessel spills by vessel type, it is instructive to look at the number of spills occurring over time as opposed to the volume. The number of spills is more indicative of the level of awareness of oil spill prevention and compliance with regulations, as the data are not susceptible to skewing by a single major spill. Figure 2.7 provides an overview of the spill trend for tankers and barges, the two largest contributors of spilled oil in U.S. waters.
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Figure 2.7  Annual Number of Tanker and Barge Oil Spills (1 Gal and Over) in U.S. Waters, 1985–1999. Source:  ERC data compiled for this study (2001).
Clearly there has been a significant reduction in the number of spills from tankers and barges occurring in the late 1980s to early 1990s, and the number of spills occurring in the late 1990s. The number of spills from these two sources has been reduced by a factor of 3 to 4. 
Figure 2.8 shows the trend in the number of spills for freighters, passenger vessels, fishing vessels, and recreational vessels. In the early 1990s, there appears to have been a significant increase in the number of spills from fishing vessels and recreational vessels as opposed to the late 1980s. This most likely is due to better reporting of spills rather than an actual increase in spills. The number of spills for fishing and recreational vessels has declined in the mid and late 1990s. Discernable decreases also are noted in the number of spills from freighters and passenger ships in the mid and late 1990s. Although the number of freighter spills is low, it still represents a significant contribution in volume (ranked third behind tankers and barges). This is due in part to the contribution of several large bunker spills during the 1990s, most notably the NEW CARISSA spill in Oregon. 
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Figure 2.8  Annual Number of Non-Tanker and Non-Barge Oil Spills (1 Gal and Over) in U.S. Waters, 1985–1999. Source:  Coast Guard data, ERC analysis for this study (2001).
In addition to reportable spills from recreational boats, there is growing concern about the amount of oil entering the environment from the operation of two-stroke engines in outboard motor boats and personal watercraft (PWC). These engines discharge oil into the water because the lubrication and combustion cycles within the engine are accomplished simultaneously, with the unburned lubricating oil being discharged with the exhaust. Although there is generally no visible environmental damage associated with these discharges such as with accidental oil spills, they are a potentially significant source of PHC pollution. It is estimated that approximately 25% of fuel and lubricating oil used by a two-stroke engine is discharged unburned directly into the water or atmosphere (EPA, 2001). Although the annual discharge from a single engine may be small, when multiplied by the two-stroke marine engine population of the U.S. (approximately 9.5 million according to the EPA (Lindhjem, 1997)), the overall contribution could be significant. One environmental NGO recently claimed that the contribution from personal water craft alone (which account for roughly 1 million of the 9.5 million two-stroke marine engines) was 40 Mgal/yr (Friends of the Earth, 2001). This would indicate that each PWC discharges 40 gal/yr. Hopefully the overall contribution from this source will be clarified by the 2002 NAS report.  Reduction of this input will undoubtedly involve stricter design requirements on manufacturers issued by the EPA and conversion to four-stroke outboard engines. Although this is currently an EPA issue, inspection and enforcement activities may involve the Coast Guard.
Figures 2.9 and 2.10 provide an overall picture of the relative oil volume contributions and trends in oil spills over the past three decades. More details on trends by vessel type are provided in Table 2.4 and in Appendix B-5. Figure 2.9 shows the steady decline in the number of tanker and barge spills during the 1980s and 1990s because of stricter international (MARPOL) and U.S. (Clean Water Act) regulations, and stepped-up monitoring and enforcement. The trend continues on into the 1990s following the passage of OPA 90. During the same period, the number of spills from fishing vessels appears to increase. This most likely is due to increased awareness and reporting rather than more spills actually occurring. (It should be noted that the number of fishing vessels decreased in the 1990s with the decline of the domestic offshore fishing industry.) Passenger spills increased slightly as well, which probably is due to better reporting and possibly more passenger vessels in service. The number of spills from freighters remained relatively constant.
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Figure 2.9  Annual Number of Oil Spills by Vessel Type in U.S. Waters, 1973–2000. Source:  ERC data compiled for this study (2001).
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Figure 2.10  Average Annual Oil Spillage by Vessel Type in U.S. Waters, 1973–2000. Source:  ERC data compiled for this study (2001).
Table 2.4  Oil Spill Trends by Vessel Type in U.S. Waters, 1973–1999

	
	Pre-OPA 90
	Post-OPA 90

	
	1973–1979
	1980–1989
	1990–1999

	Vessel Type
	Number
	Mgal/yr
	Number
	Mgal/yr
	Number
	Mgal/yr

	Tankers
	621
	5.122
	258
	2.410
	155
	0.565

	Barges
	812
	1.973
	523
	2.177
	325
	0.607

	Freight ships
	283
	0.061
	200
	0.296
	233
	0.084

	Passenger ships
	44
	0.006
	52
	0.003
	144
	0.009

	Fishing boats
	274
	0.039
	313
	0.096
	633
	0.101


Note:  Mgal/yr, million gallons per year; OPA 90, Oil Pollution Act of 1990.

Source:  ERC data compiled for this study (2001), Appendix B-5.

With respect to volume contributions shown in Figure 2.10, by far the largest contribution in the period 1973–1979 came from tankers and barges, with tanker spill volumes being dominant over all other contributors. By the period 1990–1999, tanker spill volumes in U.S. waters decreased by a factor of 10, and barge spill volumes decreased by a factor of 4 but exceeded tanker spill volumes. For freighters, the number of spills and spill volumes remained relatively constant, with the 1980s being the period of greatest volume input. For passenger ships and recreational vessels, Table 2.4 indicates that spill volumes increased in the 1990s as compared to the previous two decades. However, this perhaps is partially due to better reporting because of better awareness and enforcement, although there also has been an increase in the number of passenger ships and recreational boats in U.S. waters in the 1990s such that part of the increase may be real.

Another important consideration in judging trends in the volume of oil entering U.S. waters is the impact of large spills. Figure 2.4 shows the overwhelming impact that a large tanker spill can have on the volume spilled in any given year. Figure 2.11 shows the impact of large barge spills (greater than 100,000 gal) on the spill volumes from barges in any one year. Figure 2.12 shows that even the input by recreational boats can be dominated in a given year by one spill such as the 60,000-gal spill in 2000, when the Yacht Shira Lee sank 8 miles north of San Juan, PR, spilling 60,000 gal of No. 2 diesel fuel.  In fact, the volume contributed by this spill roughly equaled the volume reported for the rest of the decade. Perhaps the most significant finding of this analysis is that whereas spill numbers are decreasing over time with better prevention and enforcement, spill volumes in a given year vary widely and are highly dependent on the occurrence of large, random spills.
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Figure 2.11  Oil Spillage from Barges in U.S. Waters Showing Contribution of Major Spills, 1973–1999. Source:  ERC data compiled for this study (2001). 

Figure 2.12  Volume of Oil and Number of Spills by Recreational Vessels in U.S. Waters, 1990–2000. Source:  ERC data compiled for this study (2001).
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2.2.2  Oil Pipelines

Another source of oil spills entering U.S. water is pipeline spills that originate on land but then reach inland and coastal navigable waters. (This discussion excludes spills from marine pipelines, which will be covered in a later section of this report.) The overall volume of oil transported and pipeline distance over which it has been transported within the United States remained relatively constant from 1975–1997 at roughly 300–350 billion ton-miles per year (Appendix B-5). During this same period, the total volume of oil spilled from pipelines decreased (see Figure 2.13, which shows pipeline spill volumes by year for 1968–1999). 

Overall, there has been a 40% decrease in the number of spills from oil pipelines in the past three decades (AOPL, 2000). The annual volume of oil spilled from pipelines during this period has dropped by 60% (AOPL, 2000). During the period 1990–1999, the average annual spill volume from all U.S. pipelines was on the order of 5.0 Mgal/yr. However, much of this oil is spilled away from navigable waters or is contained on land before it can enter navigable waters. According to the Association of Oil Pipelines (AOPL, 2000), nearly 80% of oil spilled from land pipelines is recovered. The largest single cause of oil spills from land pipelines is accidental rupture during excavation operations.
The volume of oil that enters U.S. coastal waters on an annual basis is far less than the total volume spilled from pipelines. Figure 2.14 shows the number of spills and volume of oil spilled from coastal and nearshore pipelines that entered U.S. navigable waters from 1973–1999. The number of spills impacting U.S. waters has decreased dramatically during this period from more than 400 in 1973 to less than 50 in 1999. Spill volumes have decreased as well, but not as dramatically, with an average annual spill volume of 0.63 Mgal/yr for 1973–1979, 0.21 Mgal/yr for 1980–1989, and 0.36 Mgal/yr for 1990–1999. A primary driver in the volume of oil entering U.S. waters from pipelines is clearly major spills, as depicted in Figure 2.15. The increase in annual average spill volume from 1980–1989 to 1990–1999 can be attributed two spills:  the Exxon Bayway spill in 1991 and the San Jacinto River spill (which actually involved several pipelines) in 1995. It is also notable that there has been a significant number of major pipeline spills in the 1990s. Apart from the major spills, there has been a significant steady decline in the volume of oil entering U.S. waters from this source. This again points to the somewhat random nature of major spills and their impact on the overall oil spill picture. 

Figure 2.13  Oil Spillage fromTransport Pipelines in U.S. Waters, 1968-1999. Source: ERC data compiled for this study (2001). 

[image: image18.wmf]Sources of US Oil Spillage

Amount Spilled From 1990-1999

(Environmental Research Consulting Database)

Fixed Land 

Facilities

30.3%

Tankers

5.0%

Barges

5.9%

OCS E&P

1.4%

Marine Facilities

6.2%

Marine Pipelines

1.0%

Land Pipelines

22.4%

Unknown Land 

Facilities

7.3%

Air Transport 

Facilities

0.4%

Railroad

2.2%

Highway

3.7%

Storage Tanks

10.0%

Other Vessels

4.2%


[image: image19.wmf]Annual Number of Oil Spills (> 100 gal) From OCS Pipelines in US Waters

(Source: MMS; Environmental Research Consulting)

0

5

10

15

20

25

30

35

Avg. Annual Number Spills

1971-1979

18 spills

Avg. Annual Number Spills

1980-1989/1990-1999

7 spills

Avg. Annual Number 

Spills

1995-2000

6 spills

Figure 2.14  Volume of Oil and Number of Spills from Coastal and Nearshore Pipelines (Excluding OCS Pipelines) in U.S. Waters, 1973–1999. OCS, Outer Continental Shelf. Source:  ERC data compiled for this study (2001).
Figure 2.15  Oil Spillage from Coastal and Nearshore Pipelines (Excluding OCS Pipelines) in U.S. Waters Showing the Contribution of Major Spills, 1973–1999. OCS, Outer Continental Shelf. Source:  ERC data compiled for this study (2001).
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2.2.3  Offshore Oil and Gas Production

Offshore oil and gas exploration and production activities are an important potential source of spills worldwide, but in the United States have contributed less to oil pollution than in other parts of the world. Ironically, much of the heightened concern in the early 1970s, both on the part of the federal government and the public, was triggered by the Santa Barbara oil spill in 1969. This led to expanded federal oversight of drilling procedures, subsurface safety valves, platform safety devices, and oil and gas marine pipelines. As a consequence, the federal offshore inspection force was increased 10-fold; a detailed process was established for review and approval of exploration, development, and production activities; and oil spill contingency plans and spill response training requirements were established for offshore operators. From 1971–1999, there were 17 spills on the OCS due to oil and gas operations of more than 1,000 barrels (equivalent to 143 tonnes or 42,000 gal) as reported by Anderson and Labelle, 2001). Of this number, 4 spills were offshore platform spills with a total spillage of 19,891 bbl or 0.835 Mgal, and 13 were from offshore pipelines with a total spillage of 91,175 bbl or 3.828 Mgal. All spills have occurred in the Gulf of Mexico. Table 2.5 shows the location, cause, and volume associated with each of these large spills from 1971–1999. It should be noted that none of these resulted from a major blowout such as the Santa Barbara spill.

Table 2.5 Oil Spills from OCS Platforms (Greater Than 1,000 Bbl – 42,000 gal), 1971–1999

	Year
	Location
	Nature of Accident
	Gallons Spilled

	1973
	West Delta 79
	Tank rupture
	417,270

	1973
	South Pelto 23
	Storage barge sank
	294,000

	1973
	West Delta 73
	Pipeline corrosion
	210,000

	1974
	Eugene Island 317
	Anchor damage to pipeline
	832,986

	1974
	Main Pass 73
	Hurricane damage to pipeline
	147,000

	1976
	Eugene Island
	Shrimp trawl damage to pipeline
	168,000

	1979
	Main Pass 151
	Work boat collided with rig
	63,000

	1980
	High Island 206
	Pump failure and tank spill
	61,152

	1981
	South Pass 60
	Anchor damage to pipeline
	214,200

	1988
	Galveston 2A
	Anchor damage to pipeline
	654,192

	1990
	Ship Shoal 281
	Broken pipeline valve
	605,766

	1990
	Eugene Island 314
	Trawl  drag damaged pipeline
	191,898

	1992
	South Pelto 8
	Anchor drag damaged pipeline
	84,000

	1994
	Ship Shoal 281
	Trawl drag damaged pipeline
	190,386

	1998
	East Cameron 334
	Anchor drag damaged pipeline
	50,862

	1998
	South Pass 38
	Mudslide parted pipeline
	344,904

	1999
	Ship Shoal 241
	Jackup barge damaged pipeline
	134,400


Note:  OCS, Outer Continental Shelf.

Source:  Anderson and LaBelle,  (2001).

Figure 2.16 shows the spill volume contributions by OCS oil and gas platforms over the    past three decades. The declining trend in average annual spill volumes from this source is noted. In the period 1971–1979, the annual average spill volume was 0.117 Mgal/yr. It should be noted that a significant portion of the oil spilled in 1974 was due to two major spills in the Gulf of Mexico. In the period 1980–1989, the annual average spill volume had decreased to 0.035 Mgal/yr. By 1990–1999, the annual average volume had declined to approximately 0.016 Mgal/yr. Here again, it is important to note that there were only seven major OCS spills (greater than 42,000 gal) in the period 1990–1999. Figure 2.17 shows a corresponding decline in the average annual number of spills greater than 100 gal in the past three decades from 61 spills per year in 1971–1979, to 30 spills per year in 1980-1989,  to 15 spills per year in 1990–1999.
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Figure 2.16  Volume of Oil Spilled from OCS Platforms in U.S. Waters, 1971–1999. OCS, Outer Continental Shelf. Source:  MMS data, ERC analysis for this study (2001).
Figure 2.17  Annual Number of Oil Spills (>100 Gal) from OCS Platforms in U.S. Waters, 1971–2000. OCS, Outer Continental Shelf. Source:  MMS data, ERC analysis for this study (2001).
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Figures 2.18, 2.19, and 2.20 show the corresponding trends for spills from OCS marine pipelines. For OCS marine pipeline spills, there is no clear trend as was exhibited for OCS platforms. The volume of oil spilled and average annual spill volume for 1971–1979 are roughly equivalent to that for the period 1990–1999 (~0.160 Mgal/yr), with a modest decline during 1980–1989 (0.091 Mgal/yr). Here again the spill volumes in any one year may be driven largely by the occurrence of a single large spill. With respect to the number of spills per year, there was a modest decline from 18 spills per year in 1971–1979 to approximately 7 spills per year in the 1980s and 1990s.  As with other source categories, Figure 2.20 demonstrates the significant impact that major spills can have on OCS pipeline spill volume in a given year. 
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Figure 2.18  Volume of Oil Spilled from OCS Pipelines in U.S. Waters, 1971–1999. OCS, Outer Continental Shelf. Source:  MMS data, ERC analysis for this study (2001).
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Figure 2.19  Annual Number of Oil Spills (>100 Gal) from OCS Pipelines in U.S. Waters, 1971–1999. OCS, Outer Continental Shelf. Source:  MMS data, ERC analysis for this study (2001).
Figure 2.20  Volume of Oil Spilled from OCS Pipelines in U.S. Waters Showing Contribution of Major Spills, 1971–2000. OCS, Outer Continental Shelf. Source:  MMS data, ERC analysis for this study (2001). 

2.2.4 Onshore Facilities
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Figures 2.21 and 2.22 show the trends in annual spill volume and spill numbers for accidental discharges from onshore facilities for 1985-1999. Figure 2.22 shows that the annual spill volumes vary greatly in any one year, and are generally driven by the larger discharges (as found for the other source categories). During 1985-1989, the annual average spill volume to U.S. waters was 0.440 Mgal.yr. During 1990-1999, the annual average spill volume was 0.795 Mgal/yr. The overall annual average spill volume for 1985-1999 was 0.676 Mgal/yr. 

With regard to the number of spills from onshore facilities, Figure 2.22 shows that there was an increase in the number of spills during the 1985-1991 was most likely due to greater awareness and better reporting, while the decrease from 1991-1999 was probably  due to better compliance and prevention measures. With regards to impact on the Coast Guard OSPPR Program, it should be noted that many of these spills came under the jurisdiction of the EPA from the standpoint of prevention responsibility and response action. 
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Figure 2.21  Volume of Oil Spilled from Onshore Facilities (Excluding Pipelines) in U.S. Waters, 1985–1999. Source:  Coast Guard data, ERC analysis for this study (2001). 

Figure 2.22  Annual Number of Facility (Excluding Pipelines) Spills (1 Gal and Over) in U.S. Waters, 1985–1999. Source:  Coast Guard data, ERC analysis for this study (2001). 

2.2.5  Summary of Oil Spill Trends 1970–1999

Table 2.6 summarizes trends in the number of spills and volume of oil impacting U.S. waters over the past three decades.

Table 2.6  Oil Spill Trends by Source Category in U.S. Waters, 1970–1999

	
	Pre-OPA 90
	Post-OPA 90

	
	1973–1979
	1980–1989
	1990–1999

	Point Source
	Mgal/yr
	Mgal/yr
	Mgal/yr

	Vessels
	
	
	

	Tankers
	5.12
	2.41
	0.56

	Barges
	1.97
	2.18
	0.61

	Freighters
	0.61
	0.297
	0.084

	Passenger
	0.006
	0.003
	0.008

	Fishing
	0.039
	0.096
	0.101

	Recreational
	
	
	0.011

	Pipelines
	
	
	

	Onshore - Coastal
	0.63
	0.21
	0.36

	Offshore Facilities
	
	
	

	Offshore Platform
	0.116
	0.034
	0.016

	Offshore Pipeline
	0.168
	0.091
	0.160

	Onshore Facilities
	
	0.440
	0.791


Note:  Mgal/yr, million gallons per year; OPA 90, Oil Pollution Act of 1990.

Source:  ERC data compiled for this study (2001).

As indicated in this section, marine transportation sources are the primary focus of the Coast Guard’s OSPPR program and the target of aggressive program initiatives, particularly since the implementation of OPA 90. Of key concern is the accidental spilling of oil from vessels including tankers and barges, as well as fuel oil spills from other commercial vessels. In considering the data, the causes of oil spills can be divided into two groups: nonroutine accidental spills (including spills caused by allisions/collisions, equipment failures, fires and explosions, groundings, sinkings and capsizings, and structural failures) and routine operational spills (including at-dock discharges, bilge/ballast discharges, bunkering/loading/lightering discharges, in-transit discharges, offshore stationary discharges, and repair/maintenance discharges. The data suggests that improvements can be made, especially in reducing the more routine spills, which are significant in both number and volume contribution. 

As previously noted, spill volumes entering U.S. waters from tankers and barges decreased substantially in the 1990s. Spill volumes from freighters also declined in the 1990s but not as dramatically. Passenger vessel and fishing vessel spill volumes appear to have increased slightly, probably due to better reporting. Recreational vessel spill volumes are small, but these exclude operational discharges from outboard motors (which may be significant possibly exceeding accidental spills from vessels). 
Spill volumes from coastal and nearshore pipelines appear to be relatively steady. Spill volumes from offshore oil and gas platforms decreased somewhat; volumes from marine pipelines increased. There was also an apparent increase in spill volumes from onshore facilities, although this is based on incomplete data (1985–1999) and may be partially due to better reporting. 

2.3    Current Issues, Future Trends, and Emerging Source 
Categories

The data in Section 2.2 describe the current oil pollution picture in U.S. waters. The following is a brief discussion of the overall pollution threat posed by existing source categories significant to the Coast Guard OSPPR Program and how these source categories are likely to change in the next decade, as well as how emerging sources may emerge in the national oil spill picture.

2.3.1  Tanker Spills

The data in Section 2.2 indicate that there has been a dramatic decrease in the amount of oil entering U.S. waters from this source. Worldwide, pollution from tankers has decreased as well, but only in the late 1990s at the international level. The amount of oil spilled in the 1980s (1.186 Mtonnes, 349 Mgal) was approximately the same as that spilled in the 1990s (1.096 Mtonnes, 322 Mgal), according to information compiled by the International Tanker Owners Pollution Federation Ltd. (ITOPF, 2001). Only in the last few years have worldwide tanker spills decreased as dramatically as in U.S. waters. Information compiled shows that a total of 189,000 tonnes (55.5 Mgal) were spilled from tankers in the latter half of the 1990s in contrast to the 907,000 tonnes (266 Mgal) lost in the first half of the decade (ITOPF, 2001).

In recent years, major oil spills from tankers remain a worldwide problem. For instance, the SEA EMPRESS grounded off the port of Milford Haven in 1996 and discharged 72,000 tonnes (21.2 Mgal), roughly twice the volume discharged by the EXXON VALDEZ. The SEA EMPRESS spill represented almost 40% of the 189,000 tonnes (55.5 Mgal) spilled from 1995–1999. In December 1999, the ERICA experienced a major structural failure and spilled an additional 20,000 tonnes (5.9 Mgal) off the coast of France. In 2000, the oil tanker NATUNA SEA grounded off Singapore, spilling 6,000 tonnes (1.8 Mgal) of crude oil. It should be noted that any one of these spills, had it occurred in U.S. waters, would have altered the U.S. spill volume trend in the late 1990s significantly (as presented in Figure 2.4). Although the number of spills and overall volumes spilled in U.S. waters have decreased, the threat of a major tanker spill continues to pose a significant risk.

With respect to future trends in tanker spills, the primary driver for increased pollution in the post-OPA 90 era is a significant increase in the amount of oil transported by tanker. The Department of Energy forecasts that petroleum imports will grow steadily in the next two decades, from 11 Mbbl/day (462 Mgal/day) to roughly 17 Mbbl/day (714 Mgal/day) by 2020—an increase of over 50% (DOE EIA, 2001). The growth in petroleum imports between 2000 and 2010 is depicted in Figure 2.23 which projects an increase of 11,760 Mgal/yr (Roughly 25% growth).  It can be assumed that tankers will deliver a major portion of this imported oil to the United States. All other factors being equal, this would be expected to produce a corresponding 25% increase in oil spilled in U.S. waters. However, this may be somewhat mitigated by the steady U.S. and international phase-out of single-hull tankers over the next 15 years prompted by OPA 90 and the International Maritime Organization (IMO). During 2000–2016, roughly 6 million dead weight tons (DWT) of U.S. domestic, single-hull tanker tonnage will be phased out. This conversion to double-hull tankers, as well as the continued enforcement of ISM and STCW (Standards of Training, Certification and Watchkeeping) requirements through the Port State Control Program, can be expected to further reduce the amount of oil spilled from tank vessels. It is therefore possible that the increase in spillage due to increased petroleum transport will be offset by double-hulls and other measures. The uncertainty for the U.S. is the occurrence of a major spill.
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Figure 2.23 Projections for U.S Petroleum Imports 1970 – 2010. Source: ERC (2001). 

2.3.2  Barge Spills

The U.S. inland waterways system consists of more that 25,000 miles of navigable inland rivers and intercoastal waterways. In 1997, 655 Mtonnes (192,570 Mgal) of cargo moved on these waters, including the intercoastal waterways on the Atlantic and Gulf Coasts. Barges moved 96% of the total tonnage, and 27% of this total tonnage was petroleum products.

The number and volume of oil spills from barges also decreased in the last decade, but not as dramatically as with tankers. There was a 50% reduction in the amount of oil spilled from barges from the late 1980s to the early 1990s (AWO/USCG, 2000). This was due primarily to a significant drop in the number of major and medium spills from tank barges after 1990. However, from 1993–1996, tank barge spill volumes increased again, with the volume spilled in any one year dominated by a single event. 

This prompted the formation of an American Waterways Operators/U.S. Coast Guard (AWO/USCG) Quality Action Team (QAT) to investigate the persistence of tank barge spills, their causes, and mitigation measures that can be taken to further reduce spillage from this source. The QAT found that nearly 70% of these spills were navigation-related (caused by groundings, allisions, and collisions). This percentage of the spills by number accounted for 90% of the oil spilled by volume. Accordingly, tank barge spills remain a significant challenge for the Coast Guard and other stakeholder agencies and organizations.

In the long term, the increase in imported oil, and the overall demand for energy that drives it, will cause an increase in the amount of oil transported by tank barges as well. However, the increase in domestic tank barge traffic over the next few years is expected to be modest (2–3% per year). In addition, there will be a rapid OPA 90 phaseout of domestic single-hull barges 10,000 DWT or greater in 2004–2015, from 2.0 million DWT to 0.7 DWT. This, coupled with increased compliance with regulations and adoption of internal management systems such as the AWO Responsible Carriers Program, may further reduce spillage from tank barges. Accordingly, the oil input from barge spills is expected to remain stable.

2.3.3  Lightering Spills

A specific activity involving tankers and barges that has caused concern in recent years is lightering (the transfer of petroleum cargo at sea from a large tanker to a smaller tanker or barge). More than 25% of the 7.5 billion bbl (315 billion gal)of crude oil imported into the United States each day is lightered. Approximately 95% of offshore lightering occurs in the Gulf of Mexico, with the remainder occurring off Long Island, the Virginia Capes, and San Diego, and near the Bahamas. The safety record for lightering operations in the United States has been excellent in recent years, especially when compared with all other tanker-related accidental spills. However, because of heightened awareness of oil spills driven by EXXON VALDEZ and OPA 90, lightering safety has become a topic of concern. 

The Coast Guard Authorization Act of 1996 required that the Coast Guard coordinate with the Marine Board of the National Research Council (NRC) to conduct studies on the risks of oil spills from lightering off the U.S. coast (NRC, 1998).

Analysis by the Marine Board confirmed that safety record for lightering—confirmed by quantitative data, numerous interviews, and the opinion of experts— was indeed excellent (NRC, 1998). Coast Guard data for 1984–1996 indicate that few spills occur. and the average size of these spills is only 26 bbl (1,095 gal). Recurring causes of these spills are related directly to the oil transfer operations (such as valve failures, tank overflows, and hose ruptures), none of which is likely to result in a major accident. 

The Marine Board compiled additional data from Coast Guard, industry, and state agencies for 1993–1997 to check recent performance. During this period, no spills were reported on the East or West Coasts, and only seven spills occurred in the Gulf of Mexico. Only one spill was substantial:  a collision in 1995 near Galveston, which spilled 35,700 gal of fuel oil. Regarding future trends, the Marine Board predicted that increases in lightering spills in the near term would be small, and that current lightering patterns and volumes would remain steady (NRC, 1998). 

2.3.4  Non-Tanker Commercial Vessel Spills/Bunker Spills

As indicated in Table 2.6, the volume of oil spilled by non-tanker commercial vessels is significantly smaller (roughly 20% of that spilled by tankers and barges). However, spills from these vessels do occur, sometimes in environmentally sensitive areas, and do attract the attention of an oil pollution-conscious public. A topic of concern in the post-EXXON VALDEZ period has been accidental oil spills from bunker tanks, particularly from larger non-tank vessels (freighters, container ships, bulk cargo carriers, and passenger ships) that are not subject to the more stringent IMO and OPA 90 requirements for construction, operational safety, and spill response planning, but which carry significant amounts of fuel oil. The only requirement for these vessels is that bunker tanks must be located aft of the collision bulkhead. Industry and public awareness of this threat was raised by recent freighter spills due to collision and grounding accidents in environmentally sensitive areas (specifically the KURE in 1997 and the NEW CARISSA in 1999). This prompted the Coast Guard and the Ship Structure Committee (SSC) to conduct an analysis of these spills to determine the frequency, causes, and possible mitigation strategies. 

The Coast Guard-SSC study (USCG and SSC, 2001) examined spill data from 1985–1999 on a worldwide basis. During this period, 10,579 marine spills of bunker oil occurred, for a total of 110 Mgal. For the United States, data for this period showed that 10,107 spills had occurred in U.S. waters, for a total volume of 5.18 Mgal. Of this volume spilled, 6% came from tankers, 41% came from freighters, and 53% came from other vessels. For spills from freighters in U.S. waters, 7% of the spills were structural failures (resulting from a navigation accident of hull failure), while 93% were operational causes (such as tank overflow, valve failure, or hose rupture). By spill volume, 61% was attributed to structural failure, while 39% was due to operational causes, suggesting that some form of structural mitigation measure (e.g., double sides, double hulls, or selective placement of bunker tanks) might be warranted. However, it should be noted that the KURE spill was caused by an allision with a piling 10 feet above the waterline, and the NEW CARISSA spill occurred when the vessel grounded on a sandy bottom but subsequently broke up in heavy surf. Neither of these incidents speaks to structural prevention measures as the most obvious mitigation measure.

With regard to passenger vessels, annual cruise passenger traffic has grown steadily since 1995, from 4.2 million passengers in 1995 to 7.2 million passengers in 2002 (projected), with a corresponding increase in passenger fleet capacity from 5.3 million passengers in 1995 to 8.8 million passengers in 2002. At face value, this increase in cruise ship activity might be expected to drive an increase in passenger vessel spills. However, there has been an increased awareness in the cruise ship industry on pollution prevention in recent years, as the industry has come under closer scrutiny for its environmental practices and has adopted stricter environmental compliance standards. Accordingly, the spill input from passenger vessels is expected to remain steady or decrease.

The primary external driver for potential spills from non-tanker commercial vessels will be the increased size and number of these vessels transiting U.S. waters. From a overall perspective, the annual growth in U.S. marine trade for general cargo during the period 1993–1997 was 4.8% [from 1,009–1,219 Mtonnes  according to Maritime Administration (MARAD) Bureau of Transportation Statistics (MARAD, 1999]. A portion of this overall growth was due to an 8.6% annual growth in container traffic. During the same period, dry bulk cargo annual growth was 6.2%. By comparison, tanker cargo annual growth was only 3.3%. The growth of the non-tanker vessel fleet in the United States is summarized in Table 2.7.

Table 2.7  U.S. Foreign Waterborne Trade Growth

	
	Percent Growth

	
Vessel Type
	
1997–1997
	1998–2002
(Projected)

	Container
	8.6
	6–8

	Dry Bulk
	6.2
	2–3

	Other general cargo
	3.1
	2–3

	Total
	4.6
	3–4


Note:  Compound annual growth rates based on metric tonnes

Source:  MARAD (1999). 
Non-tanker vessels also will be larger in the future, particularly container ships, which are the fastest growing sector of the non-tanker fleet. Container ships currently under construction will have a capacity of 10,000 TEUs (20-foot equivalent units), with drafts of 50 feet. The encouraging aspect of these new and larger ships is that they will have state-of-the-art navigation and safety systems, which should reduce navigation accidents. 

The growth in non-tank vessel traffic might be expected to increase oil spill input from this source category. However, many of these vessels will be newer vessels, such that the danger of accidents is decreased. Accordingly, there is no significant increase in spill input expected from this source.

As Table 2.6 indicates, there is a small but steady input of oil into U.S. waters from fishing vessels. The U.S. commercial fishing fleet consists of 26,000 vessels over 5 net tons, as documented with the federal government. However, with the general decline of U.S. offshore fisheries and fewer fishing vessels in operation, this number should remain steady or decline in the future. In addition, stepped up monitoring and enforcement at the federal and state level should keep the oil spill contribution from this source relatively small.

2.3.5  Recreation Vessel Spills

Recreational boating in the United States undoubtedly will continue to grow in popularity unless there is a significant downturn in the U.S. economy. It is estimated that there are currently 16.9 million boats in use, and of those, 12.7 million are registered for use on public waterways (MTSNAC, 2001). As indicated in Table 2.6, the current accidental oil spill volume from this source category is very small (~2% of the volume contribution from tankers or barges). However, there is growing concern over the operational discharges from recreational vessels, particularly from two-stroke outboard motors and PWC. In a recent letter to potential donors, an environmental non-governmental organization (NGO) claimed that the input from PWCs alone was 40 Mgal/yr, “four times that from the EXXON VALDEZ spill” (letter from Friends of the Earth, 2001). This source category is currently being investigated by the EPA.

2.3.6  Coastal Pipeline Spills

In terms of volume transported and distance transported, pipelines in the United States carry 67% of the nations petroleum products (in ton-miles) as opposed to 28% by water carriers. As indicated in Section 2.2, the volume of oil spilled during pipeline transport is 5.0 Mgal/yr although most of this is spilled on land, and 80% is recovered (AOPL, 2000). Of this, approximately 0.36 Mgal/yr entered U.S. waters in the 1990s. While this volume input is smaller than that for tankers and barges (0.56 Mgal/yr and 0.61 Mgal/yr, respectively), it is still larger than the input from non-tank vessels and offshore oil and gas operations, and deserves continued attention.

As the importing and refining of oil increases to meet the growing U.S. energy demand of the next decade, it is certain that the volume of oil moving through pipelines will increase as well. This is certainly supported by the projections in Figure 2.24 which shows an increase in the number of miles of crude and petroleum product pipelines by 4000 over the next decade. Another concern with respect to pipelines is their age as roughly half (46%) of the current pipelines are over 30 years old (ERC, 2001).

All other factors being equal, this might be expected to increase the number of spills from this source category. However, the Department of Transportation (DOT) Office of Pipeline Safety (OPS) is now in the process of implementing a series of OPA 90-driven initiatives designed to prevent and mitigate pipeline spills. Specifically, OPS is implementing an industry-wide Integrity Management Program to validate and improve pipeline integrity in high-density population areas, waters where there is a substantial likelihood of commercial navigation, and areas unusually sensitive to environmental damage (DOT OPS, 2001). Oil pipeline companies also are required to submit FRPs similar to those required by oil transfer facilities, and participate in tabletop exercises and full-scale area exercises that involve equipment and personnel deployment. As these OPA 90 initiatives are fully implemented, they can be expected to reduce the threat of pipeline spills just as the threat and volume spilled has been reduced for tankers and barges.
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Figure 2.24 Growth in Number of Miles of Crude and Petroleum Product Pipelines in the US, 1986-2010. Source: ERC (2001)

2.3.7  Offshore Oil and Gas Production Platforms/FPSO Spills

As discussed in Section 2.2, the spill contribution from offshore oil and gas production platforms over the past decade has been relatively minor compared to other sources. Overall, it is anticipated that domestic production of crude oil will decrease steadily in the next decade. Onshore production will decrease significantly (down 31,5000 Bgal in ten years), and offshore production will increase modestly (up 6,300 Bgal in ten years) as shown in Figure 2.25. Obviously, this trend is a key driver in the increase in imported oil shown in Figure 2.23.  However, because the increase in offshore production will be modest and gradual, and in light of the excellent OCS platform safety record to date, it is likely that oil input from offshore platforms will not increase significantly.

The main concern for OCS production spills in the future will be the increased activity and volume of oil exploited from floating facilities operating in deep water in the Gulf of Mexico. During the past 15 years, the offshore oil and gas industry has extended exploration and production activity from the edge of the Continental Shelf (650-foot depth) in the Gulf of Mexico southward into deepwater OCS. In recent years, there has been a surge of deepwater leasing in the central and western Gulf, with companies spending billions of dollars on these leases. As of the end of 1997, this area contained 1.887 billion barrels (79 Bgal) in proved reserves, and an estimated 1.034 billion barrels (43 Bgals) in unproven in waters greater than 650 feet (MMS, 2001a).  Estimated in creases in oil production rates for the Gulf of Mexico OCS for the period 2001-2005 range from 250 MBOPD (million barrels oil per day), (low case with 18% increase) to 420 MBOPD (high case with 28% increase) according to the MMS (MMS, 2001b).

The deepwater portion of the Gulf is the most active area for hydrocarbon exploration at present. The large number of 100 million-barrel fields discovered beyond the 1,000-foot contour and the emergence of enabling technologies will drive offshore oil and gas exploration, production, pipeline transportation, and lightering into unprecedented water depths

To gain some perspective on the potential risk associated with these deepwater drilling operations, MMS conducted two key studies to determine the risks and issues associated with this deepwater OCS activity. The first of these is a Comparative Risk Analysis for Deepwater Production Systems (Gilbert and Ward, 2001) to assess and compare oil spill and fatality risks associated with four deepwater production systems in the Gulf of Mexico. The second is the Environmental Impact Statement for the Proposed Use of Floating Production, Storage, and Offloading Systems on the Gulf of Mexico Outer Continental Shelf (MMS, 2001c). 

Gilbert and Ward (2001) compared three types of systems already successfully operated in the Gulf:  the spar system; the tension leg platform (TLP) system, which are floating production systems for deep water with pipeline transport to shore;  and the shallow water hub/host jacket system, which is fixed to the bottom and transports oil to shore via pipeline. The fourth system, which has not been used in the Gulf of Mexico before, is the tanker-based FPSO with oil transportation via shuttle tankers. 

The comparative risk analysis (Gilbert and Ward, 2001) consisted of a statistical/probabilistic analysis of spills from these four systems based on an analysis of previous spill frequency and volume data from OCS operations. Accordingly, the frequency estimates and spill volume estimates were provided as a range of spill incident numbers and range of average total volume of oil spilled over the system lifetime a the 90% confidence intervals. Estimates of spill frequency were made for various spill-size categories, as well as the total volume spilled over the systems’ lifetimes. The ranges varied widely (over an order of magnitude), reflecting the limited quality and quantity of data used to estimate these rare events. Two types of spills were investigated for each platform:  platform production spills and transportation spills (pipeline spills and for the FPSO, tankers spills).

[image: image30.wmf]NRDA Cost Per Gallon Based on Source Type for US Oil Spills

 (Source: NOAA; Environmental Research Consulting)

$171.55

$34.55

$23.85

$21.37

$19.93

$17.27

$0

$20

$40

$60

$80

$100

$120

$140

$160

$180

$200

barge

pipeline

tanker

other vessel

well

facility

$/gallon spilled


Figure 2.25 Projected U.S Petroleum Production Based on DOE EIA Data. Source: ERC (2001)
With regard to production spills, the spill frequency for various spill sizes for the spar and TLP systems virtually is indistinguishable. For the hub/host jacket system, the spill frequency for spills less than 1,000 bbl is less than that for spar and TLP systems because of the standard production rate for these systems versus the deepwater systems. The frequency for very small spills (<10 bbl) for FPSOs is less than for the other systems because of the large FPSO deck area that could contain smaller spills. In the spill size range of 100–10,000 bbl, the frequency of spills is slightly higher than for other systems because of higher flow rates and the greater number of flowlines and flowline risers. For the spar and TLP systems, there is a potential for extremely large spills (>10,000 bbl); however, the predicted frequency of these spills is very small. This risk does not exist for the FPSO systems (Gilbert and Ward, 2001).

With regard to pipeline spills, the frequency of product transport spills for the spar and TLP systems is essentially the same. The frequency of pipeline spills for the hub/host jacket system is slightly less because of the shorter distance to shore. For the FPSOs, pipelines are not an issue. There are notable differences among the frequencies of spills for the various systems in different spills size ranges. For very small spill sizes (less than 10 bbl), the frequency of spills for the FPSO is greater than from pipelines because of the potential for spills during offloading from hoses and valves. For spill sizes in the 1,000–10,000 bbl range, the annual frequency of transportation spills from the FPSO (shuttle tanker spills) is less than from the pipeline spills from the other systems. This is because the spill frequency for the pipelines is constant as long as oil is in the pipeline (regardless of production rate), while the frequency of shuttle tanker spills decreases with production rate (fewer trips to shore). For very large transportation spills (>100,000 bbl – 4,200,000 gal), these are not possible for pipelines because of operational and physical system constraints. For the FPSO, these very large spills are possible but infrequent, resulting from a major shuttle tanker loss because of fire and explosion (Gilbert and Ward, 2001).

For total volume spilled over the system lifetime from production sources, the spar and TLP systems are the same at approximately 500–1,000 bbl. For the hub/host jacket system, the range is only 200–600 bbl. For the FPSO, total volume spilled over the system lifetime is approximately 500–2,400 bbl. For transportation-related spills, the lifetime spill volumes may fall within a wide range. For the hub/host jacket system, it ranges from 500–4,500 bbl, and for the other systems, from approximately 500–6,500 bbl so that the systems are indistinguishable. Essentially, the lifetime spill volumes from these systems are very difficult to predict (Gilbert and Ward, 2001).

In summary, Gilbert and Ward (2001) reached several major conclusions concerning the risk of spills from the various systems:

· There was no significant difference in the oil spill risks among the four systems.

· The average total volume of oil spilled over a system’s lifetime will be dominated by rare, large spills rather than frequent, small spills. 

· The major risk of spills from all systems is the transportation of oil from the production facility to the shore terminal by either pipelines or shuttle tankers. The spill risks for pipelines are dominated by the possibility of spills between 10,000 and 100,000 bbl that are expected to occur once every 600 years (for each system) on the average. The spill risks for shuttle tankers are dominated by the possibility of larger spills (100,000–500,000 bbl), which are expected to occur every 4,500 years (for each FPSO) on average. 

· Confidence intervals in predicted oil spill volumes average over about an order of magnitude, reflecting the limited quantity and quality of historical data available to estimate frequencies for rare events.

Of the four systems outlined in Gilbert and Ward (2001), the FPSO is clearly the one most likely to have a direct impact on the Coast Guard’s OSPPR Program since Coast Guard and MMS will share OSPPR responsibilities for FPSOs, while the responsibility for the other systems rests more with MMS than Coast Guard. In December 1998, the Coast Guard and MMS updated and signed a Memorandum of Understanding (MOU) concerning agency responsibilities for offshore facilities on the OCS. The MOU identifies MMS as the lead agency for matters concerning the equipment and operations directly involved with oil and gas production. MMS responsibilities focus on the spill prevention aspects of the platforms and pipelines themselves; Coast Guard responsibilities focus more the safe operation of the facilities, its support systems, and associated vessel operations. Issues include vessel design, sea keeping characteristics, propulsion and dynamic positioning systems, supply and lightering procedures and equipment, utility systems, safety equipment and procedures, and pollution prevention and response procedures. Hence, the Coast Guard’s focus is not only on prevention, but also on preparedness and response.

As part of the FPSO Environmental Impact Statement (EIS), MMS (2001c) further analyzed the oil spill risks unique to FPSO operation and determined the following:

· The frequency of FPSO-unique oil releases greater than 1,000 bbl is 0.37 release per billion bbl produced for the FPSO platform itself, and 1.2 releases per billion bbl transported for shuttle tanker-related failures. In comparison, OCS pipelines will result in 1.32 spills in this size range for every billion bbl transported.

· Approximately 94.4% of the spill volume is likely to be due to the transfer of oil from the FPSO to the shuttle tanker, and shuttle tanker to the shore. 

· Approximately 53.6% of the volume is likely to be from shuttle tankers near port (potentially requiring a significant response effort by the Coast Guard).

· Accidents onboard the FPSO that escalate to the cargo area involve the greatest spill risk; however, these accidents will occur at a frequency of one incident in 1,000 years.

· Collisions with passing merchant ships are low frequency events but account for 1.2% of the FPSO-unique volume released because of the potential for large volume spills.

The potential for additional oil input from deepwater OCS operations in the next decade is somewhat difficult to assess because of limited previous experience in this area. However, because of the OCS safety record to date, it is likely that deepwater operations in the U.S. will not substantially increase oil input from this source. 

2.3.8  Marine Pipeline Spills

More than 20,000 miles of marine pipelines lace the coastal waters of the United States, with nearly all in the Gulf of Mexico and a few hundred miles off the coasts of Southern California and Alaska. Since the first marine pipelines were constructed in the 1950s, the marine pipeline industry has steadily improved its designs, materials, and techniques for construction, operation, and maintenance. Today pipelines are operated in waters as deep as 1,700 feet, with near-term plans for pipelines as deep as 3,000 feet. Marine pipelines carry about one-fourth of the nation’s gas production and one-ninth (11%) of its crude oil to shore (NRC, 1994). 

To date, the safety and pollution prevention record for this industry has been good. However, several significant accidents in the late 1980s focused attention on this potential spill source, particularly two pollution events involving fishing vessels (SEA CHIEF and NORTHUMBERLAND) that involved loss of life. This prompted MMS and OPS (the two federal agencies regulating marine pipeline safety) to request an interdisciplinary review and assessment of the many technical, regulatory, and jurisdictional issues that affect the safety of the marine pipelines in U.S. offshore waters. The NRC Marine Board reviewed the causes of past pipeline failures, the means of preventing and mitigating these failures, and the means of preventing them (NRC, 1994).

Historically, most oil spilled from offshore oil and gas operations has resulted from production and transmission pipelines (98% by volume according to Alvarado et al., 1992). In a review of data from 1967–1990, the NRC Marine Board found that of the 916 marine pipeline spills reported during this period, 50% were caused by corrosion, 14% by maritime activities (anchor damage, vessel groundings, and fishing trawl nets), 12% by natural causes (storms and mudslides), and 25% by unknown causes (NRC, 1994). In terms of volume spilled, 95% of the volume was attributed to maritime causes, 2.3% to pipeline corrosion, 1.5% to natural causes, and 1.2% to unknown causes. Of the maritime accident volume, 95% was attributed to accidents involving anchor damage, and approximately 2.5% and 2.0% to groundings and fish trawl damage, respectively. Important patterns revealed in analyzing the 1967–1990 data set (NRC, 1994) are:  

· Although it is the reported cause in over 50% of spills, corrosion resulted in only 2% of the pollution and resulted in no deaths, injuries, or damage to property of third parties. 

· Damage from vessels was dramatically more significant as a source of pollution as well as injuries and deaths. 

· Anchor damage alone accounted for more than 90% of the pipeline-related pollution on the Gulf OCS.

A few incidents have resulted in the majority of threats to public safety and the environment. The four largest pipeline spills (all caused by anchor damage) account for 80% of oil volume spilled. Six accidents (two vessel groundings and four repair operations) account for all deaths and injuries.

With respect to the potential for additional spillage in the next decade, it is likely that the contribution from this source category will remain constant in that production in near-shore lease areas will probably decrease. If steps taken to reduce vessel-related marine pipeline spills are effective, this would result in a decrease in oil spillage.

2.3.9  Onshore Facility Spills

As noted in Section 2.2, the overall annual average spill volume for 1985–1999 from onshore facilities was 0.676 Mgal/yr and was up to 0.791 Mgal/yr for the last decade. This input is larger than the contribution by either tankers or barges for the same period. Although it is not clear to what degree this contribution will increase in the next decade, it deserves closer scrutiny based on the current volume contribution alone.

In summary, although the number of spills and overall volumes spilled in U.S. waters have decreased, the threat of a major tanker spill continues to pose a significant risk. Oil input from barge spills, lightering spills, passenger vessels, non-tank vessel traffic, and marine pipeline spills is expected to remain steady and relatively small. Also, as OPA 90 initiatives are fully implemented they can be expected to reduce the threat of pipeline spills just as the threat and volume spilled has been reduced for tankers and barges. Offshore oil and gas production platforms are still relatively minor compared to other sources, and are expected to decrease steadily in the next decade. The main concern for OCS production spills in the future will come from the increased activity and volume of oil exploited from floating facilities operating in deep water in the Gulf of Mexico. However, the potential for additional oil input from deepwater OCS operations in the next decade is somewhat difficult to assess because of the limited previous experience in this area. The input of onshore facility spills is larger than the contribution by either tankers or barges for the same period. Although it is not clear to what degree this contribution will increase in the next decade, it deserves closer scrutiny based on  the current volume contribution alone. As for recreational vessel spill contribution, input is currently being investigated by the EPA.  

2.4  Summary of Current and Future Oil Pollution Input by Source Category

Sections 2.1 through 2.3 above have attempted to characterize the current and projected inputs of petroleum hydrocarbons into the marine environment by source category. Table 2.8 below summarizes the information that has been compiled for U.S. sources of oil pollution in this section.

As previously noted, spill volumes entering U.S. waters from tankers and barges decreased substantially in the 1990s. Spill volumes from freighters also declined in the 1990s but not as dramatically. Passenger vessel and fishing vessel spill volumes appear to have increased slightly, probably due to better reporting. Recreational vessel spill volumes are small, but these exclude operational discharges from outboard motors (which may be significant possibly exceeding accidental spills from vessels). 

Spill volumes from coastal and nearshore pipelines appear to be relatively steady. Spill volumes from offshore oil and gas platforms decreased somewhat; volumes from marine pipelines increased. There was also an apparent increase in spill volumes from onshore facilities, although this is based on incomplete data (1985–1999) and may be partially due to better reporting.

In terms of future spills trends, tanker spill input levels can be expected to remain stable unless there is a very large major spill in the next decade (such as the EXXON VALDEZ). Increases in the volumes of oil shipped by tanker should be offset by the impact of double-hulls and other prevention measures. Tank barge transport volume and spill in put should remain steady for the same reasons. Oil spill input from other non-tank vessel sources should remain static or possibly decrease as modest increases in waterborne commerce (freight movement, passenger movement and fishing) are offset by prevention measures. Operational discharges from all vessels will likewise remain static but may be significant. Recreational boating spills are expected to remain stable. Operational discharges from recreational craft will remain static or increase somewhat, particularly if the current rapid growth of recreational boating continues.

Spill input from offshore oil and gas exploration and production operations (platforms and marine pipelines) will likely remain static due to declining offshore production in current lease fields and a gradual increase in deepwater (FPSO) operations. Coastal pipeline spill input will remain stable as the increased volume transport is offset by prevention measures and replacement of aging pipelines. Onshore facility spill input is likely to remain stable.

Table 2.9 shows the source characterization data in the context of the OSPPR Risk Assessment Matrix. More detailed data are needed for petroleum inputs from U.S.  onshore facilities, particularly municipal/sewage and industrial facilities. These data should be forthcoming in the 2001 NAS report. Updated estimates of urban runoff and atmospheric input should also be contained in this report.

Table 2.8  Matrix Outlining Components of the OSPPR Program’s Broad-Based Risk Assessment

	
	
Risk Characterization

	
	Risk Identification

	

Source Category
	Pre-OPA 90

1970s

Mgal/yr
	Pre -OPA 90

1980s

Mgal/yr
	Post-OPA 90
1990s

Mgal/yr
	2000–2010

Expected

Trend

	Point Source
	
	
	
	

	Marine Transportation
	
	
	
	

	Vessel Spills
	
	
	
	

	Tankers
	5.12
	2.41
	0.56
	Possible increase from major spill

	Barges
	1.97
	2.18
	0.61
	Remain stable

	Freighters
	0.61
	0.30
	0.08
	Remain stable

	Passenger Vessels
	0.006
	0.003
	0.008
	Remain stable or decrease

	Fishing
	0.039
	0.096
	0.101
	Possible decrease

	Recreational
	
	
	0.011
	Remain stable or increase

	Operational  Discharges
	
	
	
	

	      Vessels
	
	
	0.84
	Remain stable

	      Boats/PWC
	
	
	
	Possible increase

	Pipelines
	
	
	
	

	Onshore - Coastal
	0.63
	0.21
	0.36
	Remain stable

	Offshore Facilities
	
	
	
	

	Offshore Platform
	0.116
	0.034
	0.016
	Remain stable

	Offshore Pipeline
	0.168
	0.091
	0.160
	Remain stable or possible decrease 

	FPSO
	
	
	~0
	

	Onshore facilities
	
	0.440
	0.791
	Remain stable

	Marine Transfer
	
	
	
	

	Boatyards/marinas
	
	
	
	

	Municipal/sewage 
	
	
	
	

	Industrial facilities
	
	
	
	

	Non-Point Sources
	
	
	
	

	Urban runoff
	
	
	
	

	Atmospheric
	
	
	
	

	Natural seepage
	
	
	18.9
	


Note:  FPSO, floating, production, storage, and offloading system.

Table 2.9  Matrix Outlining Components of the OSPPR Program’s Broad-Based Risk Assessment.
	
	
Risk Characterization
	Risk Mitigation
OPA 90 Initiative Effectiveness
	

	
	Risk Identification
	Consequences/Impact
	Prevention
	Preparedness
	Response
	Risk Forecast

	

Source Category
	
Pre-
OPA 90
	

OPA 90
	
2000–2010
	
Environ-mental
	

Economic
	

Political
	Technology
Regulation
Policy
	Technology
Regulation
Policy
	Technology
Regulation
Policy
	Overall Assessment
Future Threats and Opportunities

	Point Source
	
	
	
	
	
	
	
	
	
	

	Vessels
	
	
	
	
	
	
	
	
	
	

	Tankers
	5.12
	2.41
	0.56
	
	
	
	
	
	
	

	Barges
	1.97
	2.18
	0.61
	
	
	
	
	
	
	

	Freighter
	0.61
	0.30
	0.08
	
	
	
	
	
	
	

	Passenger Vessel
	0.006
	0.003
	0.008
	
	
	
	
	
	
	

	Fishing Vessel
	0.039
	0.096
	0.101
	
	
	
	
	
	
	

	Recreational
	
	
	0.011
	
	
	
	
	
	
	

	Pipelines
	
	
	
	
	
	
	
	
	
	

	Offshore
	0.168
	0.091
	0.160
	
	
	
	
	
	
	

	Onshore
	0.63
	0.21
	0.36
	
	
	
	
	
	
	

	Offshore facilities
	
	
	
	
	
	
	
	
	
	

	Offshore platform
	0.116
	0.034
	0.016
	
	
	
	
	
	
	

	FPSO
	
	
	0
	
	
	
	
	
	
	

	Onshore facilities
	
	0.440
	0.791
	
	
	
	
	
	
	

	Storage/transfer
	
	
	
	
	
	
	
	
	
	

	Boatyards/marinas
	
	
	
	
	
	
	
	
	
	

	Municipal/sewage 
	
	
	
	
	
	
	
	
	
	

	Industrial facilities
	
	
	
	
	
	
	
	
	
	

	Non-Point Sources
	
	
	
	
	
	
	
	
	
	

	Urban runoff
	
	
	
	
	
	
	
	
	
	

	Atmospheric
	
	
	
	
	
	
	
	
	
	

	Natural seepage
	
	
	
	
	
	
	
	
	
	


Note:  FPSO, floating, production, storage, and offloading system.
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3.0 OIL IMPACT SPILL CHARACTERIZATION

3.1 The Description of Spill Impacts

The following section attempts to characterize spill impacts—environmental, economic, and political—from the various source categories identified and described in Section 2.0.

Environmental impacts include adverse effects and mortality of marine animal species (including plankton, shellfish, fish, birds, and mammals), destruction of marine vegetation that forms the habitat of marine animal species (including submerged sea grass and seaweed, marsh grass, and mangrove), and disruption of entire ecosystems (e.g., estuarine marshlands, coral reefs, rocky intertidal shoreline communities). 

Economic impacts result from the loss of the oil itself; effort and material expended in the response; destruction and damage to property; and disruption of income-producing activity such as fishing, marine transportation, and tourism. These impacts can be quantified by the cost of the lost oil and the response, and claims by third parties. In some sense, fines and penalties can be added as an economic loss associated with the spill. 

Political impacts are more subtle and somewhat difficult to quantify, but can be equally as important as environmental and economic impacts. Political impact is generally proportional to the environmental and economic impacts, but not always. Often the perception of spill severity is more important than the actual impact. Political impact can include adverse media coverage leading to public skepticism and loss of trust regarding government and industry legislators’ ability to prevent and respond to the spill. Political impact can include loss of support by legislators, resulting in reduced appropriations and additional regulations. In addition, oil spills can result in conflict among the various levels of government—federal, state, municipal, and tribal—involved in the response, which may affect intergovernmental cooperation in other areas.

The nature and magnitude of spill impacts will vary greatly depending on the spill size and location, type of oil spilled, and the environmental and socioeconomic sensitivity of the affected area and populations. Analysis of spill impact by source category becomes a difficult proposition as the impacts of an oil spill from a particular source type (e.g., tanker spill) involving roughly the same volume and type of oil can be either negligible or catastrophic depending on the particular circumstances surrounding the spill. For instance, the 1989 EXXON VALDEZ spill in Prince William Sound, Alaska is perceived as the most environmentally damaging, economically expensive, and politically contentious spill in U.S. history. The MEGA BORG, which exploded and caught fire roughly a year later in the Gulf of Mexico off Texas, caused relatively little environmental and economic damage and produced only minor political consequences. The difference lies in the particular circumstances of each spill. The EXXON VALDEZ spill occurred close to shore in an extremely sensitive environment, and involved a complex and protracted response effort that was complicated by adverse weather and logistics. Over 1,000 miles of shoreline were contaminated; cleanup costs were $3.6 billion. The MEGA BORG was further offshore, with a large portion of the oil being consumed by the fire or dispersing at sea. The response effort was largely confined to salvage of the vessel and limited mechanical cleanup, which cost $4.3 million; only minor shoreline oiling occurred. EXXON VALDEZ was a spill where everything went wrong; MEGA BORG was a spill where chance favored the responders and the environment. The source category of both spills was the same and spill volumes were comparable, yet the environmental and economic consequences were drastically different. 

Quantifying the environmental, economic, and political impacts of oil spills is difficult. Where NRDA costs have been determined formally through the NRDA process and the responsible party has been required to compensate for these damages, these costs can be used as a quantitative measure of environmental impact. However, these costs have only been calculated for a limited number of spills, thereby reflecting only the damage that is directly observed and amenable to quantification through the NRDA process.

Likewise, economic impacts can be quantified by summing the monetary losses and expenditures on the part of the responsible party (other than NRDA costs), government agencies, and third parties associated with the spill. As outlined by Helton and Penn (1999), these costs include the following:

· Cost of the oil spilled

· Cost of mobilization, salvage, cleanup, and waste management operations involved in the response effort

· Payment of claims for lost income and property damage from third parties

· Payment of fines and penalties associated with the incident (at least a portion of which is ultimately passed to the consumer)

Quantifying political impacts is far more difficult. However, the commentary contained in media releases and spill incident reports, as well as governmental policy changes and regulations that often follow a major spill, provide a general indication of the nature and magnitude of political impact.

Compiling a comprehensive data set to allow a detailed investigation of the environmental, economic, and political impacts of all spills from all source categories is a daunting task and is well beyond the scope of this study. However, to provide some perspective on the topic, the following discussion assesses the qualitative and quantitative impacts by source category based on data compiled from two sets of major U.S. spill case histories. The first data set is derived from an analysis of 27 major spill case histories developed by Helton and Penn (1999) to analyze and compare NRDA costs with other spill costs. The second data set is prepared by ERC as part of this study. ERC looked at 41 significant U.S. spills from 1985–1999 to highlight the major characteristics, causes, environmental damages, response methods and effectiveness, costs, and political issues associated with these spills. These spills were chosen on the basis of their apparent significance in influencing oil spill technology and policy over the past three decades, and the availability of literature that describes what transpired during these spills. The major spills considered by Helton and Penn (1999) are listed in Appendix C-1. Case summaries for the 41 major spills prepared by ERC, sorted by source category, are provided in Appendix C-2. These two data sets form the basis of the subsequent discussion and analysis. However, within each data set relative comparisons by cost category are useful. 

In summary, the nature and magnitude of spill impacts will vary greatly depending on the spill size and location, type of oil spilled, and the environmental and socioeconomic sensitivity of the affected area and populations. Possible environmental impacts include adverse effects and mortality of marine animal species, destruction of marine habitats, and disruption of entire ecosystems. Economic impacts result from the loss of the oil itself, effort and material expended in the response, destruction and damage to property, and disruption of income-producing activity such as fishing, transportation and tourism. Political impacts could include adverse media coverage leading to skepticism and loss of trust of legislators’ abilities to prevent and respond to spills, as well as loss of support by legislators and conflict among levels of government involved in the response.  The magnitude of environmental costs can be estimated using NRDA costs for spills where these have been computed. Economic costs can be computed as the sum of the value of the oil, cleanup costs, third party damage claims and fines and penalties. Quantifying the political impacts is far more difficult. 

3.2  Environmental Impacts by Source Category

The fate and effects of oil in the environment are undoubtedly the most intensively studied aspect of oil spill science and technology. Literally hundreds of articles on this topic have been published in the general literature, and particularly in the Proceedings of the International Oil Spill Conference over the past three decades. Fate and effects of oil spills were also a major topic in the two NAS reports (1975 and 1985), as well as a major topic in the anticipated 2002 NAS study. 

In general, the environmental effects of oil on marine life are caused either by the physical nature of the oil (physical contamination or smothering) or by its chemical components (toxic effect and accumulation leading to tainting). The environmental effects of an oil spill vary in nature, magnitude, and duration based on a number of factors. Marine life also can be damaged by spill countermeasures and cleanup operations. 

With regard to physical contamination, the main threat to living marine resources is smothering of benthic and shoreline marine life, and coating of birds and mammals which cause them to suffer from hypothermia. The most problematic oils in this respect are heavier oil and oil residues, and water-in-oil emulsions (often termed “mousse”) that can inhibit respiration and interfere with feeding and regulation of body temperature. The animals and plants most at risk are those that come in direct contact with a contaminated sea surface or shoreline. Most at risk are marine mammals and reptiles, birds that feed by diving or forming flocks at sea, and marine life in the intertidal area of marine shorelines. Habitat modification also can deprive organisms of a substrate, protective cover and a food source. These impacts are most visible and easy to quantify such that oil spill damages usually are reported in terms of the number of oiled mammals and birds, and the miles of contaminated shoreline.

With regard to chemical contamination, the most toxic components are the lighter hydrocarbon components that evaporate most rapidly once oil is spilled. Because of this, lethal concentrations of toxic components leading to large-scale mortalities of marine life are relatively rare, localized, and short lived. Such cases occur when the spilled oil becomes trapped in marsh areas and sediments, such that a sensitive population is exposed directly to the toxic components on an ongoing basis. Sub lethal exposure of marine organisms to toxic components may impair their ability to reproduce, grow, feed, or perform other functions. Particularly at risk are sedentary animals in shallow waters such as oysters, mussels, and clams that routinely filter large volumes of seawater to extract food. In addition to physiological effects, sub lethal ingestion of toxic components can give these organisms an oily taste or smell (described as “tainting”), which can render them unpalatable as a commercial resource. While the longer-term effects of toxicity may be significant, they are more difficult to observe and document without specific research activities. It also may be difficult to discriminate between the adverse effects of the oil and other environmental stressors. 

The precise magnitude and significance of this damage depends on the circumstances of the spill, and the environmental sensitivity and ecological importance of the resources affected. The spill parameters of importance in determining environmental impact include type of oil, volume of oil, and countermeasures and cleanup approaches used. Key environmental parameters include time of year, prevailing weather conditions, and proximity of sensitive habitats and animal populations. The NRDA process developed from quantifying and compensating for this damage, allowing calculation of NRDA costs for spills where the damages can be inventoried. Although these NRDA costs are often the subject of considerable debate and litigation, they constitute perhaps the best available quantitative estimate of environmental damages. Accordingly, for the purpose of this analysis, the number of oiled birds and mammals, the number of miles of oiled shoreline, and the NRDA costs (computed in year 2000 dollars) will constitute the basis for determining likelihood of environmental impact by source category.

Table 3.1 quantitatively summarizes environmental damages and costs by source category as documented for the 41 major spills profiled by ERC (Appendix C2). 

Table 3.1  Summary of Environmental Damages and Costs for 41 Major Spills, by Source Category (1975-1999). 

	

Source Category
	

Number
	
Total Volume (gal)
	
Oiled Shore (miles)
	Oiled Birds (number)
	Oiled Mammals (number)
	NRDA Costs

 (2000 $M)

	Tankers
	17
	42,398,000
	1,208
	656,000
	5,200
	316

	Tank Barges
	9
	2,669,000
	255
	22,925
	0
	82

	Non-tank vessels
	7
	359,565
	85
	5,800
	0
	7

	Offshore platforms
	2
	4,887,000
	40
	3,500
	0
	2.5

	Pipelines
	6
	3,117,020
	Unknown
	760
	31
	20


Note:  NRDA, Natural Resource Damage Assessment; NS, not significant.
Source:  ERC data compiled for this study (2001).

As indicated in Table 3.1, although less than half of the incidents profiled involved tankers, tanker spills accounted for the bulk of the environmental damages documented in the case summaries. Much of this damage was incurred as a result of the EXXON VALDEX spill, accounting for 69% of the shoreline oiled, 96% of the birds oiled, 99% of the marine mammals oiled, and 65% of the NRDA costs reported in Table 3.1. Although the magnitude of the EXXON VALDEZ spill damage may be thought to overemphasize the environmental threat posed by tankers, this is not necessarily the case as evidenced by the circumstances surrounding three other tanker spills:  ARGO MERCHANT, BURMAH AGATE, and MEGA BORG. These three spills account for roughly 24 Mgal (57%) of the 42 Mgal in Table 3.1. However, damages from these three spills were greatly mitigated by the spill circumstances. In the case of the ARGO MERCHANT, the spill occurred 27 miles offshore, and the wind and currents drove most of the oil out to sea. For the BURMAH AGATE and the MEGA BORG, the fire that accompanied the accidents consumed much of the oil spilled (48% and 80%, respectively). In other words, with the exception of EXXON VALDEZ, U.S. coastal waters may have fared better during tanker spills in the last three decades than might otherwise be expected. 

With regard to environmental damages, the second most significant contributor is tank barges. Tank barge spills accounted for 16% of the oiled shoreline, 3% of the oiled birds, and 19% of the NRDA costs listed in Table 3.1. Although the volume oil spilled from tank barges is only 5% of the total volume, the damages to shoreline and NRDA costs are 16% and 19% of the total, respectively. These percentages probably reflect that all profiled tank barge spills occurred in nearshore coastal and harbor locations where shoreline impact is more likely than offshore locations.

For the other source categories, the relative magnitude of environmental effects varies depending on which overall indicator is used. In terms of miles of shoreline oiled and number of birds oiled, non-tank commercial vessels are the next most significant contributor in environmental damage. In terms of NRDA costs, coastal pipeline spills are the next most significant contributor (at $20 million versus $7 million for non-tank commercial vessels). Although offshore platform spills account for 9% of the volume spilled, environmental damage from these spills is minor in comparison with other source categories, with the possible exception of oiled birds. This in undoubtedly due to the fact that much of the oil remains offshore, precluding shoreline oiling and the NRDA costs associated with it.

In addition to looking at the magnitude of environmental damages by source category, insight into how environmental damages vary can be gained by examining how NRDA costs vary as a function of oil type and spill location. The variation in NRDA cost with respect to these parameters is shown in Figures 3.1 and 3.2, which are derived from Helton and Penn’s analysis (1999) of 27 U.S. spills (Appendix C-1). It should be noted that this is a relatively small data set, as there have only been a limited number of spills for which NRDAs have been completed. Figure 3.1 clearly shows that NRDA costs are higher for heavier, more persistent oils (such as crude oil and No. 6 fuel oil) than for the lighter, refined products (gasoline and No. 2 fuel oil) by a factor of 10. Figure 3.2 shows that the average NRDA cost for in-port spills is $3.35 million; for nearshore spills is $105 million ($3.63 million without EXXON VALDEZ); and for offshore spills is $589,000. Forty-one percent of NRDA cases (11 cases) have been in-port incidents; 44% of NRDA cases (12 cases) have been nearshore incidents; and 15% (4 cases) have been offshore incidents. Using this same data set, it is possible to display the NRDA costs by source category in terms of dollars per gallon of oil spilled as shown in Figure 3.3. Figure 3.3 indicates that NRDA costs per gallon of oil spilled are likely to be higher for tank barge spills and pipelines than for other source categories. These costs are probably higher because tank barge and pipeline spills generally occur in harbors and coastal waterways, while tanker, offshore well, and platform spills often occur further offshore with only limited quantities reaching the shoreline.
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Figure 3.1  NRDA Costs Per Gallon Spilled (in 2000 $) for U.S. Oil Spills by Oil Type. Source:  NOAA data, ERC analysis for this study (2001).
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Figure 3.2  Total NRDA Costs (in 2000 $) for U.S. Oil Spills by Location Type. Source:  ERC data compiled for this study (2001).
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Figure 3.3  NRDA Costs Per Gallon Spilled (in 2000 $) for U.S. Oil Spills by Source Category. Source:  NOAA data, ERC analysis for this study (2001).
Together these data indicate that most environmental damage in U.S. waters is caused by tanker spills, with tank barge and pipeline spills a distant second and third. On a damage-per-gallon basis, spills of heavy oils are far more damaging and costly than spills of light, refined products by an order of magnitude. This is because of their persistence in the marine environment (residues can persist for years) and their tendency to adhere to substrates and marine life. Spills in harbor and nearshore locations are more damaging than spills in offshore locations because of the likelihood of shoreline contamination.

In summary, the environmental effects of oil on marine life are caused by either the physical nature of the oil (physical contamination or smothering) or by its chemical components (toxic effect and accumulation leading to tainting). The environmental effects of an oil spill vary in nature, magnitude and duration based on a number of factors. Marine life also can be damaged by spill countermeasures and cleanup operations. The data in this section  indicates that most environmental damage in U.S. waters is caused by tanker spills, with tank barge and pipeline spills coming in second and third. On a damage-per-gallon basis, spills of heavy oils are far more damaging and costly than spills of light, refined products by an order of magnitude. 

3.3  Economic Impacts by Source Category

As discussed earlier, the economic impacts of an oil spill are quantified more easily as they translate to monetary costs incurred as a result of a spill. An obvious, albeit minor, cost associated with a spill is the market value of the oil that is lost, which can be calculated based on the volume spilled multiplied by the market price per gallon for the particular crude or refined product spilled. 

Of much greater significance is the cost of salvage, countermeasures, and cleanup operations associated with the spill. These costs can vary significantly based on the location of the spill, type of oil spilled, and cleanup methods used. Figures 3.4, 3.5, and 3.6 show how response costs (on the basis of dollars spent per gallon of oil spilled) vary as a function of location, oil type, and response methods employed. Figure 3.7 shows how per-gallon response costs escalate as the length of shoreline oiled increases. ERC compiled these data as part of this study. It should be noted that these response costs are calculated on the basis of dollars spent per gallon spilled, not dollars spent per gallon removed or recovered.

Figure 3.4 shows that the response costs per gallon spilled are higher for in-port and nearshore locations ($121/gal and $89/gal, respectively) than for offshore locations ($24/gal) by a factor of 5. Figure 3.5 shows that heavier, more persistent oils (crude, heavy crude, and No. 6) are more expensive to clean up than lighter, refined products by a factor of 5. Figure 3.6 shows that manual cleanup ($83/gal, generally associated with cleaning up oil on shorelines and in shallow waters) is roughly twice as expensive as open-water mechanical recovery ($34/gal). The use of dispersants and in situ burning are even less expensive than mechanical recovery by factors of 2 ($20/gal) and 3 ($11/gal), respectively. Figure 3.7 shows how cleanup costs by gallons spilled grow exponentially with the length of shoreline oiled. 
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Figure 3.4  Average Per-Gallon Response Costs (in 2000 $) for U.S. Oil Spills by Location Type. Source:  ERC data compiled for this study (2001).
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Figure 3.5  Average Per-Gallon Response Costs (in 2000 $) for Non-U.S. Oil Spills by Primary Response Method. Analysis includes only non-U.S. spills due to lack of data on dispersant-based U.S. responses. Source:  ERC data compiled for this study (2001).
Together, these figures demonstrate the following:

· Cleanup costs are likely to be higher for spills of persistent, heavy oils than of lighter, refined products. Heavier oils adhere to shorelines and may persist for months or even years as tar mats, and are difficult to handle and dispose of. They are resistant to alternative countermeasures such as dispersants and in situ burning. Lighter, refined products evaporate and disperse rapidly such that cleanup efforts often are preempted. Costs between the two types of oils differ by a factor of 5.

· Labor-intensive, shoreline cleanup of oil is far more expensive than offshore mechanical recovery or alternative countermeasures. The costs differ by a factor of 2 to 3. Keeping the oil off the shoreline and away from the coast should be the primary objective of a spill response.
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Figure 3.6  Average Per-Gallon Response Costs (in 2000 $) for U.S. Oil Spills by Oil Type. Source:  ERC data compiled for this study (2001). 
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Third-party claims generally arise from property loss and damage, and disruption of business and loss of income. Unlike NRDA costs, there are no established formulae for calculating the monetary value of these damages. Like third-party claims from other accidents and disasters, the fair compensation value is determined through litigation. 
The responsible party’s public image and ability to provide compensation may come into play. Accordingly, the variation of third-party claims by source category and spill characteristics is difficult to predict. 

Fines and penalties assessed against the responsible party or parties constitute the final elements of the economic costs of oil spills. Although fines and penalties are punitive in nature and do not directly represent economic damages (lost property or income), they are expenditures that would not have been made had the spill not occurred. In this sense, they represent a net loss to society.

Table 3.2 summarizes the economic costs of oil spills by source category based on the 41 major spills profiled and analyzed by ERC as part of this study. In consideration of all spills, the economic impact of tanker spills dominates all other source categories. Even if the EXXON VALDEZ spill is excluded from the analysis, tankers are still the most costly source category, followed by tank barges and pipelines. Spills from non-tanker commercial vessels and offshore platforms are significantly less costly.

Table 3.2  Summary of Economic Costs by Source Category

	

Source Category
	

Number
	
Total Volume (gal)
	Cost of Lost Oil (2000 $M)
	Cost of Response (2000 $M)
	Third Party Claims
(2000 $M)
	Fines and Penalties (2000 $M)
	Total

Costs

(2000 $M)

	Tankers
	17
	42,000,000
	28
	3,904
	9,445
	41
	13,418

	Tankers – EV 
	16
	31,000,000
	20
	312
	18
	7
	357

	Barges
	9
	2,669,000
	1.5
	212
	10
	90
	314

	Non-tank vessels
	7
	359,565
	Unk
	60
	9
	2
	71

	Offshore platforms
	2
	4,887,000
	3.1
	23
	NS
	NS
	26

	Pipelines
	6
	3,117,020
	1.95
	83
	2.6
	8.8
	96


Note:  EV, EXXON VALDEZ; Unk, unknown; NS, Not significant.
Source:  ERC data compiled for this study (2001).

As indicated in this section, the economic impacts of an oil spill are more easily quantified as they translate to monetary costs incurred as a result of a spill. A minor cost associated with a spill is the market value of the oil that is lost, while of much greater significance is the cost of salvage, countermeasures, and cleanup operations associated with the spill. These costs can vary greatly based on the location of the spill, type of oil spilled, and the cleanup methods used. Cleanup costs are likely to be higher for spills of heavy oils than of lighter, refined products, while labor-intensive shoreline cleanup is far more expensive than offshore mechanical recovery or countermeasures. In addition to cleanup costs, economic costs of spills  also include reimbursement to various third parties claiming damages from the spill, fines and penalties. The data in this section  indicates that tankers are still the most costly source category, followed by tank barges and pipelines. 
3.4  Political Impacts

The political impacts of an oil spill are far less tangible than the environmental or economic impacts, and are very difficult to quantify. However, the political impact of a spill, and specifically a single spill, can significantly alter the scope and direction of the Coast Guard’s OSPPR Program, as has been demonstrated in the past by very large spills:

· Santa Barbara channel blowout in 1969, which prompted the National Contingency Plan and secured the Coast Guard’s lead agency role

· ARGO MERCHANT spill, which led to significant upgrades in the Coast Guard’s offshore response capability

· EXXON VALDEZ spill, which led to the passage of OPA 90

OPA 90 in turn expanded every aspect of the federal OSPPR Program and greatly increased the responsibilities and liabilities of the oil production and transportation industries.

Key political impacts of a spill are legislative, regulatory, and policy changes, which themselves are driven by public perception and reaction to a spill. These changes can be positive or negative depending on the nature of the initiatives and the stakeholder’s position and perspective. In some cases, the political impacts can have both positive and negative aspects. For instance, the political impact of the EXXON VALDEZ spill on the Coast Guard was positive in the sense that it strengthened the Coast Guard’s OSPPR mandates and led to increased funding support for the OSPPR Program in the long term. However, in the short term, implementation of the various OPA-90 initiatives required additional manpower that the Coast Guard did not have and that had to be diverted from other programs and missions.

From the industry’s perspective, the EXXON VALDEZ spill had a decidedly negative political impact. The spill itself triggered a wave of criticism and mistrust directed at both Exxon and the oil industry in general. OPA 90 also placed additional responsibilities and liabilities on the oil industry for prevention, preparedness, and response. To the extent that such responsibilities and abilities are appropriate and productive, they may enhance industry position in the long term. To the extent that they are inefficient and burdensome, they may detract from the viability of the industry and create friction among industry and government regulators.

Oil spills—particularly the larger, more significant spills—can improve or complicate the ongoing relations between various federal, state, municipal, and tribal government agencies as well as NGOs. If government stakeholders have adequate contingency plans in place and are prepared for a spill, then response to a spill can improve interagency cooperation. If the agencies are not prepared, and the spill response effort is poorly coordinated and perceived as a failure by the public, then interaction among the various agencies and NGOs may become strained and contentious. These political damages may take some time to repair.

Both government agencies and industry must maintain a positive image with the public to carry out their functions (government) and remain profitable (industry). Lowden (1997) discusses in some detail the factors and dynamics influencing public reaction to an oil spill. In any major oil spill scenario, both government and industry public relations are at risk because of the public’s general concern for the environment and growing intolerance of oil pollution in the marine environment. Since the EXXON VALDEZ spill and the passage of OPA 90, this intolerance has increased well beyond the levels of the 1990s, such that any spill, large or small, particularly from a ship or barge, is likely to draw intense public interest and criticism. This is especially true in areas where protection of the environment is an imbedded cultural value, as was the case during the NEW CARISSA spill. This spill involved a relatively small volume of oil (70,000 gal) and limited environmental damage. However, the spill occurred in a relatively pristine coastal area in Oregon, which is a state noted for its environmental values. Accordingly, this spill was widely publicized, sparked a great deal of interest, and led to an in-depth investigation of spills from non-tanker commercial vessels (NEW CARISSA Review Committee, 2000).

To a large degree, the political impact of an oil spill in terms of public perception and opinion will be dictated by the media coverage of the spill. Anderson (2001) discusses the interests and agenda that shape media coverage of an oil spill. With media coverage, it is assumed that the oil spill will be portrayed as an environmental insult because of its very nature. However, if government and industry are portrayed as committed, forthright, and competent in undertaking the cleanup, political damage will be minimized. If government and industry are portrayed as slow to act, disorganized, and secretive in responding to the spill, then negative media coverage is likely to escalate. In the latter case, the public will perceive both the level of negligence and the damages associated with the spill to be far greater than they actually are.

To some extent, the magnitude of these political impacts is less dependent on source category and more dependent on spill circumstances. In general, however, the public has become very attuned to spills from large vessels near sensitive environments. Certainly this applies to tankers, but also to larger, non-tanker commerce vessels such as the NEW CARISSA. Moreover, the general public probably does not discriminate between source categories, but regards all major oil spills as environmental catastrophes. 

In summary, the political impacts of an oil spill are far less tangible than the environmental or economic impacts, and are very difficult to quantify. However, the political impacts of a spill, and specifically a single spill, can significantly alter the scope and direction of the Coast Guard’s OSPPR program.  

The negative political impacts from a spill may include:

· Criticism from legislators and a weakening of the Coast Guard’s standing with these legislators

· Implementation of regulations that react to a specific spill, do not address more important systemic problems, and place undue burdens on the regulator and industry without commensurate benefit

· Conflict among agencies and organizations involved in responding to a spill, particularly when response is perceived as a failure

· Unfavorable media coverage resulting in an exaggerated perception of the negligence that may have caused a spill or damages resulting from a spill

· Loss of confidence with the general public

Positive political impacts may include:

· Increased public awareness of the value of a strong national OSPPR Program

· Funding initiatives that strengthen the federal OSPPR Program

· Implementation of new regulations and policies that address key OSPPR problems and issues

· Improved coordination and cooperation among agencies and organizations from positive interaction in a crisis situation

3.5 Summary of Spill Impacts by Source Category

Figure 3.8 presents the economic and environmental (NRDA) costs for all source categories analyzed, and again shows the overall dominance of tankers in terms of environmental and economic damage. Tank barge spills are the second largest source of environmental and economic damage, but contributed only 20% or so of the tanker damages. Environmental and economic damages caused by the other source categories are negligible by comparison. It should be remembered that these figures are based on 41 specific major spills, for which the cost data often were incomplete. Hence, it should be regarded as a subjective comparison and by no means as being statistically significant.
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Figure 3.8  Environmental and Economic Costs Associated with Major U.S. Spills by Source Category. Source:  ERC data compiled for this study (2001).

Table 3.3 summarizes the environmental and economic cost data contained in Sections 3.2 and 3.3 in terms of $ spent per gallon spilled, and makes an informed qualitative assessment of political impact for each source category considered. The environmental cost (NRDA) figures in Table 3.3 are taken directly from Figure 3.3.  The “other vessel” cost is assigned to freighters, passenger vessels, and fishing vessels; however, this value is probably too high to be representative of $/gallon environmental costs from recreational vessels. The environmental cost of vessel and boat operational discharges is unknown as these spills are seldom reported. The environmental cost for spills from “wells” in Figure 3.3 is assumed to be representative of all offshore spills (platform, pipeline and FPSO) that impact the shoreline. The value for “facilities” is chosen as being representative of all onshore facility spills although there is undoubtedly considerable variation in the cost of specific onshore facility spills. The environmental cost of non-point source spills is generally unknown as monetary damages from this type of petroleum input are not subject to NRDA analysis and otherwise difficult to estimate.

Table 3.3  Summary of Spill Impact Information Contained in Section 3.0

	
	Risk Characterization

	
	Consequences/Impact

	

Source Category
	
Environmental

$/gallon
	
Economic

$/gallon
	
Political

(Qualitative)

	Point Source
	
	
	

	Vessel Spills
	
	
	

	Tankers
	24 (1)
	319 (5)
	Very High

	Barges
	171 (1)
	116 (5)
	High

	Freighters
	21 (1)
	197 (5)
	Medium

	Passenger
	21 (1)
	197 (5)
	Medium

	Fishing
	21 (1)
	197 (5)
	Low

	Recreational
	21 (1)
	121 (6)
	Low

	Operational Discharges

Vessels
	Unknown
	Unknown
	Low

	Boats/PWC
	Unknown
	Unknown
	Minimal

	Pipelines
	
	
	

	Onshore - Coastal
	34 (2)
	31 (5)
	Medium

	Offshore facilities
	
	
	

	Offshore Platforms
	20 (3)
	5.3 (5)
	Medium

	Offshore Pipelines
	20 (3)
	5.3 (5)
	Medium

	FPSO
	20 (3)
	5.3 (5)
	Unknown

	Onshore facilities
	
	
	

	Storage/transfer
	17 (4)
	121 (6)
	Low

	Boatyards/marinas
	17 (4)
	121 (6)
	Low

	Municipal/sewage 
	17 (4)
	Unknown
	Low

	Industrial facilities
	17 (4)
	Unknown
	Low

	Non-Point Sources
	
	
	

	Urban runoff
	Unknown
	Unknown
	Minimal

	Atmospheric
	Unknown
	Unknown
	Minimal

	Natural seepage
	Unknown
	Unknown
	Minimal


Note:  FPSO, floating, production, storage, and offloading system.

(1) Values taken from Fig. 3.3  (Tankers, barges and other vessels)

(2) Values taken from Fig. 3.3 (Pipelines)

(3) Values taken from Fig. 3.3 (Wells)

(4) Values taken from Fig. 3.3 (Facilities)

(5) Values computed from Table 3.3 (Total Economic Cost/Total Volume)

(6) Values taken from Fig. 3.5 (value for in-port spills)

The economic costs by source category are calculated directly from the data in Table 3.2 by dividing Total Cost by Total Volume to produce the $/gallon estimate. The economic cost value for tankers includes the costs for the EXXON VALDEZ spill. The economic cost value for “Non-tank vessels” is assumed to be applicable to freighter, passenger vessel and fishing vessel spills. The value for “pipelines” is applied to onshore pipeline spills and he value for offshore platforms is applied to all offshore operations (platforms, pipelines and FPSOs) although the economic cost of an FPSO in the U.S. is speculative as no major spills have occurred. The value of economic cost for “in-port” spills from Figure 3.6 is applied to recreational boating spills, and all onshore facility spills although the actual economic costs of these spills undoubtedly vary widely based on the circumstances of the spill. The economic costs on non-point source inputs are generally unknown.

With regard to the political impact of spills, this is difficult to assess but can be qualitatively described based on the magnitude of the environmental and economic costs and the general experience from past spills. Tanker spills have the highest environmental and economic costs of all source categories, involve large quantities of oil and attract considerable public attention. Accordingly, the potential for political impact is very high. Barge spills have somewhat lower but still significant environmental and economic costs, can involve considerable volumes of oil and generally occur near shore where they attract public attention. Their political impact is judged to be high. Freighter and passenger vessel spills have lower environmental and economic costs than barge spills, and generally involve lesser quantities of oil. However, the still involve large vessels and can occur near sensitive areas which can dramatically increase their visibility (e.g. NEW CARISSA spill off the coast of Oregon). Accordingly their political impact is judged to be medium. Coastal pipeline, offshore platform and industrial facility spills can also involve larger quantities of oil and can be politically significant if sensitive resources are impacted. Their political impact is also judged to be medium. The political impact of spills from other source categories (operational discharges, transfer spills, municipal facility spills) is judged to be low because of the much lower quantities of oil generally involved. The political impact of non-point source inputs is judged to be “minimal” because of their chronic versus episodic nature, and their low visibility to the public.

Table 3.4 shows the OSPPR Risk Assessment Matrix with the information on risk identification and quantification and impact/consequence assessment entered in the appropriate cells. This information forms the basis of the Risk Characterization portion of the OSPPR of the OSPPR Risk Assessment.

Table 3.4  Matrix Outlining Components of the OSPPR Program’s Broad-Based Risk Assessment.
	
	
Risk Characterization
	Risk Mitigation
OPA 90 Initiative Effectiveness
	

	
	Risk Identification
	Consequences/Impact
	Prevention
	Preparedness
	Response
	Risk Forecast

	

Source Category
	Pre-
OPA 90

Mgal/yr
	
OPA 90

Mgal/yr
	2000–2010

Mgal/yr
	Environ-mental

$/gal / Total $M
	Economic

$/gal / 

Total $M
	Political


	Technology
Regulation
Policy
	Technology
Regulation
Policy
	Technology
Regulation
Policy
	Overall Assessment
Future Threats and Opportunities

	Point Source
	
	
	
	
	
	
	
	
	
	

	Vessels
	
	
	
	
	
	
	
	
	
	

	Tankers
	5.12
	2.41
	0.56
	24 / 316
	319 / 13,418
	Very High 
	
	
	
	

	Barges
	1.97
	2.18
	0.61
	171/ 82
	116 / 314
	High
	
	
	
	

	Non-Tank Vessels
	0.665
	0.399
	0.189
	21 / 7
	197 / 71
	Medium
	
	
	
	

	    Freighter
	0.61
	0.30
	0.08
	21
	197
	Medium
	
	
	
	

	    Passenger Vessel
	0.006
	0.003
	0.008
	21
	197
	Medium
	
	
	
	

	    Fishing Vessel
	0.039
	0.096
	0.101
	21
	197
	Low
	
	
	
	

	Recreational
	Unk
	Unk
	0.011
	21
	197
	Low
	
	
	
	

	Pipelines
	
	
	
	31 / 20
	31 / 96
	Medium
	
	
	
	

	Offshore
	0.168
	0.091
	0.160
	31
	5.3
	Medium
	
	
	
	

	Onshore
	0.63
	0.21
	0.36
	31
	31
	Medium
	
	
	
	

	Offshore facilities
	
	
	
	5.3 / 2.5
	5.3 / 26
	Medium
	
	
	
	

	Offshore platform
	0.116
	0.034
	0.016
	5.3
	5.3 / 26
	Medium
	
	
	
	

	FPSO
	0
	0
	0
	5.3
	0
	Unk
	
	
	
	

	Onshore facilities
	
	0.440
	0.791
	17
	121
	Low
	
	
	
	

	Storage/transfer
	
	
	
	17
	121
	Low
	
	
	
	

	Boatyards/marinas
	
	
	
	17
	121
	Low
	
	
	
	

	Municipal/sewage 
	
	
	
	Unk
	Unk
	Low
	
	
	
	

	Industrial facilities
	
	
	
	Unk
	Unk
	Low
	
	
	
	

	Non-Point Sources
	
	
	
	
	
	
	
	
	
	

	Urban runoff
	
	
	Unk
	Unk
	Unk
	Minimal
	
	
	
	

	Atmospheric
	
	
	Unk
	Unk
	Unk
	Minimal
	
	
	
	

	Natural seepage
	
	
	Unk
	Unk
	Unk
	Minimal
	
	
	
	


Note:  FPSO - Floating, Production, Storage, and Offloading system.                         Unk - unknown
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4.0 ASSESSMENT OF OIL SPILL PREVENTION, PREPAREDNESS AND RESPONSE RISK MITIGATION MEASURES

4.1 Scope of the Mitigation Measures Effectiveness Analysis

A key component of the risk assessment process is evaluating the effect of various risk mitigation measures that can be brought to bear on risks now and in the future. A certain category of risk may occur frequently and have potentially serious consequences, but may constitute less of an overall threat because of prevention, preparedness and response measures in effect. For instance, house fires are a relatively common occurrence with potentially serious consequences, but the impacts are mitigated by fire-retardant materials, smoke detectors, fire extinguishers, and an extensive network of fire stations in most municipalities. 

There is a wide array of oil spill prevention, preparedness and response measures now in place, many of which were mandated or enhanced by OPA 90. This section identifies these various mitigation measures (including programs, regulations, and technologies) and provides an assessment of the benefits and shortfalls of each, and the overall effectiveness in mitigating oil spill pollution risks by source category. This assessment is largely qualitative and is based on information obtained from a review of the substantial literature compiled in technical papers, reports and Web pages, as well as the various Proceedings of the Biennial International Oil Spill Conference and other workshops and conferences. It also highlights and draws upon information in past and current Coast Guard rulemakings as reported in the Federal Register. The examination of current rulemakings is important to assess future mitigation measures and their effectiveness as these rules are implemented.

Two key studies are used in this evaluation. The first is a study undertaken by the Volpe National Transportation Systems Center that provides a detailed analysis of the effectiveness of OSPPR focused regulations implemented since OPA 90 (VNTSC, 2001). These regulations implement prevention, preparedness and response programs, requirements and initiatives. The second is a study addressing the effectiveness of various OPA 90 preparedness initiatives conducted for the Coast Guard by PCCI, Inc. (USCG, 1997) which analyzed information from Incident Specific Preparedness Reviews (ISPR) conducted by the Coast Guard for a number of major spills since OPA 90. Where the circumstances have been documented and the information is available, insight is drawn from the major spill case history profiles that were developed for this study and are summarized in Appendix C-2.

Perspective is also derived from the results of the stakeholder Public Hearing that was held at Coast Guard Headquarters in December 2000, and a panel session which was conducted during the 2001 International Oil Spill Conference in Tampa, Florida, which summarized and discussed the current perspective on the effectiveness of OPA 90 prevention, preparedness and response measures (IOSC, 2001).  In examining the sensitivity of spill source categories to the various initiatives above, the risk assessment will focus on the major categories: vessels, offshore platforms, marine pipelines, coastal facilities and non-point sources. In each major category, effectiveness of each measure in mitigating the present and future risks associated with a source category will be considered. 

As part of this analysis, the following mitigation measures are addressed:

Prevention:

· Double Hull Requirements

· Vessel Crew Licensing, Certification, Documentation and Training Requirements

· Vessel Management Requirements (ISM, Industry Programs)

· Oil Transfer Spill Prevention Requirements

· Emergency Capabilities for Towing Vessels and Barges

· Port State Control Inspections

· Vessel Operational Discharge Control Measures

· Offshore Platform Spill Prevention Measures 

· Marine Pipeline Prevention Measures

· Facility and Coastal Pipeline Spill Prevention Measures

· Non-Point Source Control Measures

Preparedness:

· Contingency Planning (Area Plans)

· Coast Guard Regulated Responsible Party Response Planning (Vessels and Marine Transportation Facilities)

· Other Federal Agency Regulated Responsible Party Response Planning (Offshore Facilities, Marine Pipelines, Non-marine Transportation Related Facilities) 

· Oil Spill Removal Organization (OSRO) Classification Program

· National Preparedness for Response Exercise Program  (PREP)

Response:

· National Strike Force Augmentation

· Incident Command System Implementation

· Salvage and Vessel Containment Countermeasures

· Augmented Responsible Party Liability (Criminal & Civil)

· Mechanical Recovery Advances

· Alternative Countermeasures Advances (In Situ Burning and Dispersants)

· Shoreline Cleanup Advances

· Natural Resource Restoration (NRDA Procedures, New Technologies)

Each of the OSPPR initiatives considered is evaluated from three important perspectives as outlined in Appendix A-1: 

· Functional Effectiveness, the general effectiveness of the mitigation measure on a case by case basis. This will be evaluated as Very High, High, Medium and Low.

· Applicability, the number of spill events where the OSPPR initiative may play a role.  This will be evaluated as applicable in All Spills, Most Spills, Some Spills, and Few Spills and rated as Very High, High, Medium and Low.

· Cost-Effectiveness, the cost of the measure compared to the result achieved in terms of spills prevented or oil removed from the water. This will be evaluated on the basis of Very High, High, Medium and Low Cost Effectiveness.

Where quantitative measures of functional effectiveness and applicability have been developed, these will be noted. Where available in the literature, the general consensus on functional effectiveness will be reported. Studies that are currently underway to determine functional effectiveness will also be identified. Cost effectiveness values for individual OSPPR initiatives are often difficult to come by due to the amount of data required and the complexity of the analysis involved, and because several OSPPR initiatives may come into play on any spill or potential spill. Where available, these will be reported. Finally, the projected overall effectiveness (or efficacy) will be assessed, that is the expected effectiveness in the future based on spill trends, mitigation measure implementation schedules and enhancements, and other enabling or constraining factors that may become important over time.

4.2 Effectiveness of Current Prevention Measures

The EXXON VALDEZ oil spill and the limited success of the subsequent cleanup effort underscored the importance of preventing oil spills from occurring in the first place. Numerous studies on oil spill prevention and marine accident prevention in general confirm that most spills are preventable and that roughly 80% of all marine accidents are associated with human error. Accordingly, much of the emphasis in Title IV of OPA 90, which addresses oil spill prevention and cleanup, is directed at prevention initiatives.

Most of the prevention initiatives implemented for vessels and marine facilities by the Coast Guard consist of rulemakings specifying requirements and procedures to be followed by the industry and inspection programs to ensure compliance. This is also true of prevention measures directed at offshore platforms and marine pipelines which are implemented by the Minerals Management Service, prevention measures directed at onshore pipelines which are implemented by DOT, Office of Pipeline Safety, and onshore facility and non-point source prevention measures which are implemented by the   Environmental Protection Agency.

The effectiveness of several Coast Guard oil spill prevention initiatives has been investigated in detail in the recent Programmatic Regulatory Assessment (VNTSC, 2001). This study focused on 18 rulemakings for which individual regulatory assessments had already been prepared. These individual regulatory assessments addressed the environmental, economic and small entity impacts of the individual rulemakings. To facilitate the analysis, the 18 rulemakings were consolidated into 11 “primary rules”.  Prevention rulemaking initiatives addressed in this study can be further grouped into general categories as follows:

· Double Hull Requirements for Tankers and Barges

· Deck Spill Control Measures for Vessels

· Spill Source Control and Containment Measures for Tankers and Barges

· Lightering Capability Requirements for Single Hull Vessels

· Overfill Device Requirements for Vessel Cargo Tanks

· Operational Measures for Single Hull Vessels

· Licenses, Certificates, and Mariners’ Document Requirements

For each primary rule, the benefit, cost and cost effectiveness of the rulemaking initiatives were evaluated based on the past and projected oil transport and spill trends, and the consensus estimate of a panel of experts on the overall effectiveness of each measure. Overall effectiveness was expressed as the percentage decrease in number of spills, the quantity spilled and the quantity of oil remaining in the environment. Cost effectiveness was expressed as dollars per barrel not spilled or recovered ($/BNSR). Cost effectiveness was computed as individual cost effectiveness (effectiveness of the individual rulemaking as a standalone measure), and marginal cost effectiveness (incremental effectiveness of the measure in combination with other OPA 90 measures). 

In the following discussion of the functional effectiveness, applicability and cost-effectiveness, the results of the Volpe Programmatic Regulatory Assessment will be used to provide quantitative insight on these parameters. Otherwise, the general experience as reflected in the literature and through workshops and the public hearing will be relied upon.

4.2.1  Double Hull Requirements

Vessel structural design requirements for oil spill prevention, and most notably the requirement for double hulls, is probably the most extensively studied and often contested provision of OPA 90. Section 4115 prohibits single-hull tank vessels (tankers and barges) of 5,000 gross tons and more from operating in U.S. waters after 2010, with the exception of those with double sides or a double bottom, which may be permitted to operate up until 2015 depending on their age. Subsequent modifications to international maritime regulations, specifically the addition of Regulations 13F and 13G to the International Convention for the Prevention of Pollution from Ships (MARPOL), will result in all tank ships governed by MARPOL having double-hulls (or approved alternatives) no later than 2023. These regulations are a key prevention initiative associated with OPA 90, and although they have been under consideration for years, were not finally accepted until the Valdez spill.

Numerous studies have been conducted on the current and projected effectiveness of the OPA 90 and MARPOL regulations on preventing and mitigating marine oil spills from tank vessels. The most recent and comprehensive was conducted by the Marine Board of the National Research Council (NRC, 1998) which assessed the impact of the OPA 90 Section 4115 provisions, and made recommendations on future initiatives and research efforts with regard to these provisions. The study found that double-hulled vessels are potentially more effective than single-hulled vessels in preventing and mitigating oil spills, but further noted that many issues of operational safety, cost effectiveness for specific designs, and the impact of the regulations on the viability of the international tanker industry need to be resolved. The study noted that the reductions in oil spill volume from 1991-1995 could not be attributed to double-hull requirements as the single hull phase out did not begin until 1995. 

Some insight into the present and future effectiveness can be gained by examining Figure 4.1 (developed by Environmental Research Consultants for this study) which shows the results of vessel accidents with oil spill consequences in U.S. water from 1992-2000, broken down by vessel type and type of accident. The comparisons for tanker and barge spills show a notable reduction in spill volume for groundings, collisions and allisions with double hull/double bottom vs. single hull vessel accidents. For barges, the total volume spilled for double-hull and double bottom vessels was 333,888 gal. as opposed to 2,309,477 gal. for single-hull vessels. For tankers, the total volume spilled for double-hull and double-bottom vessels was 10,336 gal. vs. 261,624 gal. for single-hull vessels. At face value, this indicates that for collisions, groundings and allisions there is an order of magnitude reduction in spill volume that can be attributed to the double hull/double bottom designs. This is consistent with an earlier study (Keith, 1993) which predicted that use of double hulls can reduce oil spill incidence by 90 percent in grounding situations and by 75 percent in collisions.

In reviewing the Case History Profiles in Appendix C-2, there are a number of notable major spills involving single-hull vessels where it is very likely that double hull construction would have prevented the spill, or at least mitigated the volume discharged. These spills include T/V ALVENUS (July 1984), T/V ARCO ANCHORAGE (December 1985), T/V GLACIER BAY (July 1987), T/V WORLD PRODIGY (June 1989), T/V PRESIDENTE RIVERA (June 1989), and T/V AMERICAN TRADER (February 1990). In general, there is substantial evidence that double hulls and double bottoms are an effective mitigation measure for tanker and barge spills in marine casualty situations.

	Figure 4.1  Vessel Accident Oil Spill Consequences For Vessels In US Waterways 1992-2000

 for Double Hull, Double Bottom and Single Hull Vessels


	Vessel Accident

Consequence
	Barges
	Tankers
	Other Vessels
	All Vessels

	
	DH
	DB
	SH
	DH
	DB
	SH
	DH
	DB
	SH
	DH
	DB
	SH

	Allision

no spill
	1
	0
	9
	0
	1
	1
	0
	1
	11
	1
	2
	21

	Allision

with spill
	6
	2
	22
	0
	2
	4
	6
	2
	68
	12
	6
	94

	Allision

% spill
	85.7%
	100%
	71.0%
	n/a
	66.7%
	80.0%
	100%
	66.7%
	86.1%
	92.3%
	75.0%
	81.7%

	Allision

tot. spill vol.
	235,810
	14,960
	288,115
	0
	9,324
	206,640
	5,459
	7
	16,648
	241,269
	24,291
	511,403

	Allision

avg. spill vol.
	39,302
	7,480
	13096
	n/a
	4,662
	51,660
	910
	4
	245
	20,106
	4,049
	5,440

	Grounding

no spill
	17
	6
	34
	3
	6
	15
	1
	13
	231
	21
	25
	280

	Grounding

with spill
	3
	0
	35
	0
	1
	4
	2
	7
	219
	5
	8
	258

	Grounding

% spill
	15.0%
	0%
	50.7%
	0%
	14.3%
	21.1%
	66.7%
	35.0%
	48.7%
	19.2%
	24.2%
	48.0%

	Grounding

tot. spill vol.
	82,988
	0
	924,777
	0
	10
	17,268
	3,530
	2,307
	261,831
	86,518
	2,317
	1,203,876

	Grounding

avg. spill vol.
	27,663
	0
	26,422
	n/a
	10
	4,317
	1,765
	330
	1,196
	17,304
	290
	4,666

	Collision

no spill
	1
	1
	10
	2
	0
	2
	3
	0
	7
	6
	1
	19

	Collision

with spill
	2
	0
	32
	1
	1
	5
	3
	2
	59
	6
	3
	96

	Collision

% spill
	66.7%
	0%
	76.2%
	33.3%
	100%
	71.4%
	50.0%
	100%
	89.4%
	50.0%
	75.0%
	83.5%

	Collision

tot. spill vol.
	130
	0
	1,096,585
	1,000
	2
	37,716
	7,205
	16,500
	202,966
	8,335
	16,502
	1,337,267

	Collision

avg. spill vol.
	65
	n/a
	34,268
	1,000
	2
	7,543
	2,401
	8,250
	3,440
	1,389
	5,501
	13,390

	Source: Environmental Research Consulting


The Programmatic Regulatory Assessment (PRA) conducted by the Coast Guard (VNTSC, 2001) evaluated the effectiveness of double hull requirements. Overall, the PRA found that double hull requirements will reduce the number of spills for tankers and barges by 13 % and 16 % respectively, and the volume of oil spilled by 21% and 22% respectively in the future. Although these estimates of functional effectiveness are somewhat more conservative than the estimates above, they are still significant.

With respect to the cost effectiveness of the double hull requirements for tank vessels, these figures indicate that this prevention is relatively costly. For the OPA 90 double hull requirements, the marginal and individual cost effectiveness values ($/BNSR) were $68,079/BNSR and $29,563/BNSR respectively, making the double hull provisions of OPA 90 the second least cost effective regulatory initiative of the 11 considered. This finding was also reported in the 2001 IOSC OPA 90 Effectiveness Study and Panel Session (Tannahill and Steen, 2001). The experts surveyed felt that double hull vessels have reduced spills, but that it is the least cost-effective OPA 90 prevention measure.  A few survey respondents further indicated that the replacement of older vessels with newer vessels contributes more to spill prevention than double hulls.

Double hulls and double bottoms are a functionally effective mitigation measure for large bunker spills (vessel fuel spills) from tankers as well as large non-tank vessels (e.g. freighter and passenger vessels. This can be seen in Figure 4.1 in the other vessel category where the volume spilled with double-hull and double-bottom vessels was 35,008 gal. as opposed to 481,445 gal for single-hull vessels. Several studies have looked at the feasibility and value of applying double-hull requirements to bunker tanks on non-tank vessels, and bunker tanks as well as cargo tanks on tankers.  Although there appear to be potential gains at face value, there are questions to be resolved. In a report to the Coast Guard, Designers and Planners, Inc. and Herbert Engineering Corp. (USCG, 2001) concluded that, for an analysis of 25 vessel designs, the level of oil spill mitigation varied widely based on tank location and the size of the tanks. The report also concluded that mitigation performance would come at a cost, the relative cost being greater for more effective bunker tank arrangements. Michel and Winslow (1999) had come to the same conclusion earlier, and further noted that eliminating dangerous marine incidents and accidents were the best means of preventing bunker spills, but that double-hull bunker tanks offered a third order mitigating measure (last line of defense). With regards to the case studies analyzed as part of this study, it is notable that in only two of the four major incidents involving bunker spills would double-hull bunker tanks have had a positive effect in preventing or mitigating the spill. In the widely publicized NEW CARISSA spill in Oregon, they would not have mitigated the spill volume significantly.

As for projected effectiveness of double hull requirements as a prevention measure, the effectiveness is expected to increase steadily within the next 20 years as the U.S. and IMO requirements become mandatory for all vessels. For U.S. vessels, there will be a steady phasing out of single-hull tankers over the next 20 years; for barges the phasing out will be largely implemented during the time period 2010-2020. 

Vessel design requirements were also addressed at the OSPPR Public Hearing. Sally Lentz, Oceans Advocates recommended that the Coast Guard look at vessel-related prevention vs. external prevention.  She noted that the double-hull phase-in is not completed.  Most ships carrying oil in U.S. waters are still single hulled.  Double-hull performance could be improved with redundant steering and propulsion.  The Coast Guard should work with NOAA and EPA to look at the “green ship” of the future and methods of providing an environmentally sound way of transporting oil as well as alternative ship designs.  She commends the Coast Guard on zero-probability discharge for double-hulls.

The double-hull and double-bottom requirements are functionally effective as mitigation measures reducing the volume of oil spilled from tankers and barges by roughly 20%. The primary concern regarding this measure is its high cost versus the benefit realized ($/BNSR) which made it the second least cost effective mitigation measure addressed in the CG PRA. For tankers and barges, the mitigation measure will become incrementally more effective over the next decade as single-hull vessels are removed from service. For tankers and tank barges, data compiled for this report (Appendix C2) indicates that double-hulls might come into play in 50-75% of the accidents resulting in spills.

As for non-tank vessels, it is uncertain as to whether double hull and double bottom requirements would be either viable or cost-effective due to the wide range of circumstances contributing to bunker tank spills and the added ship construction costs associated with double-hull bunker tanks. For non-tank vessels, data compiled for this report (Table 4.1)) indicates that double-hulls may come into play in less than 50% of the accidents resulting in spills.

In summary, the functional effectiveness of the double-hull prevention mitigation measure is rated as “very high”. The applicability for tankers is relatively high as it potentially comes into play as a mitigating factor in most tanker accidents. For non-tank vessel accidents (e.g. involving bunker spills) the applicability is less (medium). However, the cost-effectiveness of the measure is low.

4.2.2 Vessel Crew Licensing, Certification, Documentation and Training

It is generally accepted that 80% of all marine accidents, many resulting in oil pollution, are caused at least in part by human error. This makes it clear that the key to preventing oil spills is through stricter criteria for crew licensing and certification, better training, and manning standards that ensure that vessels are operated safely. The EXXON VALDEZ focused attention on these requirements because of the negligence of the Captain and watch-stander that contributed to the accident. This goal has been pursued through the Coast Guard’s Prevention Through People Program, and several regulatory initiatives dealing with the Licensing, Certification and Documentation of Mariners. In 1991, the United States became a party to the International Convention on Standards of Training, Certification and Watchkeeping for  Seafarers (STCW), 1978. The primary intent of STCW is to set minimum international qualifications for masters, officers, and watchkeeping  personnel on seagoing merchant ships. In 1993, the International Maritime Organization (IMO) began a comprehensive revision of STCW to establish more detailed standards of competence for mariners, and to address the increased awareness of human error as a major cause of maritime casualties. Before the IMO conference, the Coast Guard held seven public meetings. The information from these meetings helped to determine the position of the U.S. delegation and to exchange views about the STCW amendments that were under discussion. The Coast Guard received input from advisory committee meetings to discuss developments relating to the STCW amendments and the domestic implementation of these amendments. On July 7, 1995, a Conference of Parties adopted a package of amendments to STCW. These amendments went into force on February 1, 1997. Currently, there are 132 parties to STCW representing almost 96 

percent of the world's merchant-ship tonnage.

The STCW amendments adopted in July 1995 included the following provisions: 

· Communication of information  to IMO to allow for mutual oversight, company responsibilities, watchkeeping arrangements, and responsibilities of all parties to ensure that seafarers meet objective standards of competence under Port State Control Programs;

· Require candidates for certificates (licenses and merchant  mariner document endorsements) to establish competence through both  subject-area examinations and practical demonstrations of skills; and

· Require all training assessment and certification activities to be monitored by a Quality Standards System (QSS).

The Coast Guard noted that many practical demonstrations of competency already occur in existing formal training programs and in on-the-job training aboard ships. However, there was a need for focus and coordination to monitor the adequacy of these training programs to meet STCW minimum requirements.

Evaluating the functional effectiveness of these provisions is difficult other than by observing overall trends in the number of spills and the volume of oil spilled. Where accidents and spills actually occur, particularly major spills, the implications of human error are well documented. Accidents averted and spills prevented because of upgraded standards for mariners are not generally documented in any detail. In the OPA 90 PRA conducted by the Coast Guard, it was found that only a 1% reduction in oil spilled could be attributed to these regulatory initiatives mandated by OPA 90. In terms of cost effectiveness, the marginal and individual cost effectiveness values calculated were $4,503/BNSR and  $1,275/BNSR respectively. These provisions are applicable to most spill situations as human error contributes to roughly 80% of vessel accidents. 

In summary, the functional effectiveness of the licensing, certification and training  mitigation measure is rated as “low” based on the CG PRA. The applicability for tankers and non-tank vessels is relatively “high” as safe vessel operation comes into play as a mitigating factor in most tanker and non-tanker accidents.  The cost-effectiveness on the measure is rated as “medium” based on the PRA data.

With regards to the projected effectiveness of these provisions, they should remain constant as they are not affected by external factors such as increased shipping volume or technological advances. However, there is a potential concern in that some more experienced mariners may chose to retire rather than meet the more stringent STCW training requirements late in their careers. This may result in a temporary shortage of qualified and experienced crewmembers available for service.
4.2.3  Vessel Management Requirements (ISM Code)

It is generally accepted that the implementation of comprehensive maritime safety management systems such as the International Safety Management (ISM) Code, and individual industry programs modeled after this concept such as the American Waterway Operators (AWO) Responsible Carrier Program for barges are having a positive effect on preventing marine accidents and spills. 

The International Management Code for the Safe Operation of Ships and for Pollution Prevention (International Safety Management [ISM] Code) became effective on January 23, 1998. The Code originates from an IMO action under which the ISM Code was adopted as Chapter IX of the International Convention for the Safety of Life at Sea (SOLAS) 1974, as amended. 

The development of these requirements has been fueled by the continued occurrences of significant marine casualties despite engineering and technological innovations to stop such casualties over the last two decades. Consequently, the international maritime community saw the need to emphasize shipboard safety management practices to minimize human errors or omissions. These types of errors play a part in virtually every casualty, including those where structural or equipment failure may be the direct cause.

These regulations provided standards for:

· The development and compliance of safety management systems for U.S. vessels and their companies;

· Mandatory certification of safety management systems to international levels;

· Voluntary certification of safety management systems for U.S. domestic trading vessels; and

· Authorization by the U.S. to organizations to complete external audits and certification of U.S. vessels required to meet the U.S. and international safety management system standards.

As with management and training oriented prevention initiatives, positive results are often not documented and the impact is more likely to vary from company to company and industry to industry. No formal studies have been completed quantifying the functional effectiveness or cost effectiveness of these initiatives. Accordingly, the Coast Guard is currently conducting a study to examine the implementation and enforcement of the International Safety Management (ISM) Code and the impact that Safety Management  Systems (SMSs) are having on marine safety and environmental protection. The study will measure the effectiveness of vessel and company SMSs and identify actions that could be taken to further promote the use and effective implementation of the ISM Code. The study will examine:

(1) the status of ISM Code implementation;

(2) enforcement actions involving the ISM Code, including the role documents and reports produced following the external audits  required by the ISM Code play in such enforcement actions;

(3) the effects the ISM Code has had on marine safety and environmental

protection, and identifying actions to further promote  marine safety and environmental protection through the ISM Code;

(4) actions to achieve full compliance with and effective implementation of the ISM Code; and

(5) the effectiveness of internal reporting and auditing under the ISM Code, and recommending actions to ensure the accuracy and candidness of such reporting and auditing. 

This study will provide further input on the functional effectiveness of the ISM Code initiative which can be used in the risk management analysis (Phase II) of this project. In general though the ISM Code has been judged “effective” in improving navigation safety and reducing accidents (rated at “high”). The ISM Code, because of its broad nature, is applicable to most spill situations and is rated as “high”. There are no currently available quantitative data on the “cost-effectiveness” of the ISM Code,  but as the ISM mitigation measure is part of the vessel’s management scheme cost-effectiveness, its cost-effectiveness can be considered “medium”.

In addition to the ISM Code, the marine transportation industry is implementing various industry sector specific marine safety and environmental protection management protocols. For instance, the American Waterways Operators have implemented the Responsible Carriers Program for the tug and barge industry sector. At the OSPPR Public Hearing, Jennifer Kelly, American Waterways Operators noted that there has been a significant decline in spills from vessels and barges, but the public continues to have zero tolerance for spills.  The public looks to the Coast Guard and industry to implement an environmental agenda reflecting zero tolerance.  Although the OPA 90 regulatory regime is an important start, more needs to be done.  Since most accidents are a chain of errors, we need to stop the chain of errors with a safety management system such as the ISM Code or AWO’s Responsible Carrier Program.  AWO members’ commitment to the Responsible Carrier program is a requirement for membership.  The Responsible Carrier Program institutes higher standards than those required.  For those owner/operators (o/o) with lower than required standards, the Coast Guard should apply more enforcement pressure to do better.  The Coast Guard could institute a towing vessel boarding program if a vessel is not under dockside inspection or in safety program.  There needs to be pressure on marginal o/o’s to bring up their standards. 

4.2.4 Oil Transfer Spill Prevention Requirements

OPA 90 mandated a number of regulatory initiatives to prevent or mitigate operational oil spills occurring during routine oil transfer operations, and ensure that tankers and barges were equipped and operated to prevent or minimize oil spilled into the water. These included: Deck Spill Control Measures for Vessels, Spill Source Control and Containment Measures for Tankers and Barges, Lightering Capability Requirements for Single Hull Vessels, Overfill Device Requirements for Vessel Cargo Tanks and 

Operational Measures for Single Hull Vessels. These regulatory initiatives were specifically addressed in the Coast Guard’s PRA for OPA 90.

The Deck Spill Control rule addresses the retention and removal of small cargo spills on deck during oil loading, unloading, transfer and other routine shipboard operations. The rule requires prevention equipment and procedures such as deck coamings, portable pumps, sorbents, cleaning equipment and waste oil disposal procedures. This mitigation measure targets smaller, chronic spills. The functional effectiveness of these measures is high with a 72% reduction in quantity of oil spilled. However, the cost effectiveness is low with a marginal and individual cost effectiveness of 31,141 and 8,813 $/BNSR respectively.

The Spill Source Containment and Countermeasure Rule addresses several key tanker and barge countermeasures that must be available to prevent or mitigate an impending spill. It requires that tankers and barges install an emergency towing bridal and suitable cable, possess an internal and external oil transfer capability to remove oil from a damaged tank to another tank on the vessel or tank on another vessel, and have access to a computerized damage and stability assessment program to ensure that emergency oil transfer operations do not further jeopardize the vessel. These measures are expected to reduce the oil spilled from tankers and barges by 5% and oil remaining in the water by 2%. Their cost effectiveness is relatively good with a marginal and individual cost effectiveness of 3,492 and 1,243 $/BNSR respectively.

The Lightering Rule for Single Hull Vessels requires that vessels operating in U.S.  waters carry emergency lightering equipment onboard to facilitate the emergency transfer of oil in the event of an accident. It also requires that foreign flag operators provide the vessel’s IMO number to the Coast Guard to facilitate response and salvage efforts in the event of an accident.  These measures are expected to reduce the oil spilled from tankers and barges by 2% and 4 % respectively.  Their cost effectiveness is very good with a marginal and individual cost effectiveness of 1,207 and 434 $/BNSR respectively.

The Overfill Device Rule requires that automatic devices be installed on vessels to alert crew to an impending overflow and shut down pumps during oil transfer operations. Like the Deck Spill provisions, this mitigation measure addresses smaller operational spills.  These devices are expected to reduce the oil spilled as a result of an overfill situations by 85%.  Their cost effectiveness is low with a marginal and individual cost effectiveness of 29,054 and 8,528 $/BNSR respectively.

The rule on Operational Measures for Single Hull Vessels requires owners and operators of single-hull vessels to comply with a number of operational measures to prevent or mitigate oil spills. These operational measures include enhanced vessel survey procedures, auto pilot alarm systems, availability of information on vessel maneuvering capability and status, maintaining a minimum under-keel clearance, and having emergency steering and adequate fender systems available.  These operational procedures are expected to reduce the oil spilled as a result of an accident by only 1% or less making their functional effectiveness very low.  Their cost effectiveness is moderate with a marginal and individual cost effectiveness of 3,687 and 981 $/BNSR respectively.

Overall, these operational spill prevention and mitigation measures have some measure of functional effectiveness but will reduce the overall volume of oil entering the water only to a moderate degree (rated as “medium”). The Deck Spill Control and Overfill Device requirements reduce the amount spilled during routine transfer operations by 72% and 85% respectively, but the volume of oil spilled during these operations is relatively small. Deck spill control measures are applicable in only a portion of the accidents situations encountered during transfer operations (such that applicability is “medium”). This is reflected in the relatively low cost effectiveness for these two mitigation measures. The impact of these measures is not likely to increase in the future, as the quantity of oil spilled during routine transfers will undoubtedly remain small. For the various operational measures directed at reducing spillage during major accidents, the reduction in volume spilled is small (on the order of 5% or less). However, the quantity of oil which might be involved is much larger. Accordingly, the cost effectiveness of these rules is relatively good at less than $5000 $/BNSR (cost effectiveness rated “medium”). The effectiveness and impact of these mitigation measures is expected to remain constant over the next decade.

4.2.5 Emergency Capabilities for Towing Vessels and Barges

On January 19, 1996, the tugboat SCANDIA, towing the oil barge NORTH CAPE, caught fire five miles off the coast of Rhode Island. The crew could not control the fire, and without power they were unable to prevent the barge, carrying 4 million gallons of oil, from grounding and spilling about a quarter of its contents into the coastal waters. 

The NORTH CAPE spill led Congress to add, in section 901 of the 1996 Coast Guard Authorization Act (Pub. L. 104-324), a new statute, 46 U.S.C. 3719. It directs the Secretary of Transportation to issue rules necessary to reduce oil spills from single-hull non-self-propelled tank vessels. On October 6, 1997, the Coast Guard published a notice of proposed rulemaking (NPRM) on safety of towing vessels and tank barges (62 FR 52057). From this initial rulemaking, several other rulemakings have been implemented dealing with emergency capabilities of towing vessels and barges. These include requirements for voyage planning, fire suppression, detection and control measures aboard towing vessels, and emergency anchoring systems (primary and backup) aboard the barge.

The emergency capabilities outlined above are assumed to be functionally effective in the cases where they become a mitigating factor (rated “high”), but will only apply to a portion of the tug and barge accident scenarios likely to cause spills (rated medium to low). As these measures are just now being implemented, they were no included in the PRA such that post-implementation quantitative cost- effectiveness data are not available.  
4.2.6 Port State Control Inspections

The United States has become primarily a port State, with an average of 7,500 foreign ships calling on its ports each year. These foreign ships account for 95% of the passenger ships and 75% of the cargo ships operating in U.S. waters. As a result, the greatest potential threat to U.S. ports and waterways now comes from foreign ships.

Port State Control is not new to the U.S. Beginning in the 1970's, the U.S. Coast Guard increased its emphasis on the examination of foreign vessels. Although this emphasis was primarily driven by requirements to ensure compliance with the then new U.S. pollution prevention and navigation safety regulations, boarding officers also exercised port State authority when instances of non-compliance with SOLAS and MARPOL were noted.

Over time, the international safety and environmental protection standards, implemented under conventions such as SOLAS and MARPOL, have become more strict, with increased enforcement authority for port States. In large part, these improved international standards measure up to the relevant U.S. standards. In 1994, the U.S. introduced risk-management methodologies into our Port State Control program to allocate limited inspection resources where they could do the most good by identifying those ships, ship owners, classification societies and flag Administrations that were most often found lacking in meeting their international Convention responsibilities.

Vessel boarding’s are directed by the Coast Guard Captain of the Port (COTP), who is responsible for ensuring the safety of vessels and the protection of the navigable waters throughout his or her geographic zone. The Coast Guard maintains a List of Detained Vessels that is available to the international community. The purpose of this information, compiled under the authority of Titles 14, 33, and 46, United States Code, is to aid the Coast Guard in carrying out its Port State responsibilities. The goal of this initiative is to identify vessels not in compliance with International Conventions through boarding’s and examinations, and then take the appropriate action to eliminate the threat that such vessels may pose to U.S. waters, ports and citizens. The List of Ships Detained includes the vessel name, IMO number, date of detention, ship type, port, flag, classification society and deficiency summary.

Information on the functional and cost effectiveness of the Port State Control Inspection Program is somewhat limited. Meers and Ameer (1995) assessed the adequacy and impact of the U.S. Coast Guard’s inspection program for oil tankers. Specifically, they looked for gaps and/or duplicate requirements of CG, IMO, Classification Societies, and industry. They found that there was a significant amount of overlap between the Port State Control inspection program and other inspection programs (e.g., American Bureau of Shipping Program). Efforts were underway to harmonize these requirements. They also referenced studies that were underway to investigate the effectiveness of inspection programs and the relationship between vessel casualty rates and CG resources expended over time. 

The issue of Port State Control was also addressed at the OSPPR Public Hearing. Sally Lentz, Ocean Advocates (also representing Bluewater Network) commented on 

international opportunities for spill prevention.  She indicated that existence of

substandard ships and the inability to maintain quality shipping on a worldwide basis are

obstacles to environmental protection.  Flags of convenience and licensing substandard

ships are big problems.  IMO is trying to address this issue, and hopefully the Flag-State

Implementation Study Group will solve this problem.  So far, the only step has been a

self-assessment program for flag-states.  The Coast Guard needs to partner with like-

minded states, in Europe and elsewhere, to pursue port-state authority over substandard 

ships more aggressively.  The Coast Guard needs to focus on port-state authority.  

Port State Control provisions are most applicable to spill situations involving foreign-flag carriers. It is also clear that the program is functionally effective and making a contribution to reducing spills from these vessels (rated “high). The program is applicable to a wide range of spill prevention measures and spill scenarios (applicability rated “medium”). There are currently no quantitative data available on the cost –effectiveness of the program.
4.2.7  Vessel Operational Discharge Prevention Control Measures

The International Convention for the Prevention of Oil From Ships (MARPOL 73/78) regulates the design, construction, and operation of commercial vessels of 100 gross tons and over worldwide to reduce or eliminate to the extent possible the discharge of oil and other pollutants into the marine environment. MARPOL 73/78 has been adopted by nations with authority over 95% of the world’s merchant fleets. In the US, MARPOL was adopted through the Act to Prevent Pollution From Ships (33 US Code 1901 et seq.).

The oil-related regulations in MARPOL that govern operational discharges of oil from vessels include the following:

· All commercial vessels (100-400 gross tons) must retain all oily waste on board unless discharged at sea while underway and over 50 nautical miles from shore.

· All commercial vessels over 400 gross tons are required to have installed oily water separators (OWS) and oil discharge monitoring systems (ODMS) which record the oil content of overboard discharges from the bilges, and, in the case of tankers, from any cargo slop tanks. If the oil content in the discharge stream exceeds 15 ppm, an alarm sounds and the discharge is terminated.

· Vessels are not permitted to discharge oily water (even through an ODMS) unless underway between ports and over 50 nautical miles from shore. There are certain designated special areas in which discharges are prohibited regardless of distance from shore due to their particular environmental sensitivity. These special areas include: the Mediterranean Sea, the Baltic Sea, the Black Sea, the Red Sea, the Gulf of Aden, the Antarctic area, and the Gulfs area. All operational spillages from vessels occur outside the jurisdiction of any nation.

· The only discharges permitted under MARPOL are bilge water and certain cargo tank washings from tankers, provided the discharges do not exceed 15 ppm and occur while underway over 50 nautical miles from shore. Discharge of fuel oil sludge is strictly prohibited.

In order to assist vessels in complying with the prohibitions against the discharge of oil sludge and bilge and cargo tank washings containing over 15 ppm of oil, ports that receive commercial vessels are required to establish and maintain oil reception facilities. These reception facilities, or which there are 1,047 in the US, are required to have sufficient capacity to receive and process all oily wastes generated by all vessels calling at the port. Failure to maintain reception facility capabilities is supposed to result in vessels being denied entry into port.

It can be assumed that full compliance with the MARPOL operational discharge requirements significantly reduces chronic oil input into the environment. The requirements are applicable to all vessels operating worldwide. Assuming that the MARPOL provisions are being complied with in U.S. waters, their functional effectiveness and applicability are judged to be “high” with respect to these waters. There are no quantitative “cost-effectiveness” data available, but again assuming that the provisions are generally being complied with and operational pollution is being reduced, it is likely that the benefit is worth the cost of installing and the necessary equipment and following the prescribed procedures (giving a conservative rating of “medium”).

 The uncertainty with these measures is whether they are being strictly adhered to outside of U.S. waters (outside of coastal areas where violation detection is difficult). Non-compliance offshore, driven somewhat by the lack of reception facilities, may limit functional effectiveness and cost-effectiveness.

4.2.8  Offshore Platform  Prevention Measures 

Offshore platform spill prevention measures for the Outer Continental Shelf (OCS)

fall under the jurisdiction of the Minerals Management Service. The MMS is charged with undertaking an Environmental Impact Statement for all major offshore oil and gas initiatives in the U.S., specifying oil spill pollution control device design requirements for platforms, and regulating the discharge of pollutants from offshore platforms under the National Pollution Discharge Elimination System (NPDES) implemented under the Clean Water Act. 

Overall functional effectiveness of the MMS Offshore Oil and Gas pollution prevention initiatives has been excellent (rated as “high”). The U.S. OCS platform spill rate has continued to decline from 0.45 spills per Billion barrels (Bbbl) handled (based on trend analysis for 1964-1992) to 0.32 spills per Bbbl handled (based on trend analysis for 1964-1999). These spill rate estimates take into account spills in excess of 1000 bbl. There have been no spills in excess of 1000 bbl over the past 15 years from OCS platforms. These provisions are applicable to most offshore oil spill situations (applicability rated as “high”). Queries to MMS indicate that quantitative data on the cost-effectiveness of specific offshore platform spill prevention measures are not readily available. As the technology and operations for offshore platforms has reached an advanced state, and growth in offshore production from platforms is projected to be modest, it is likely that these mitigation measures will remain effective. Any potential change in this picture will probably be due to the introduction of FPSOs on the deepwater Continental Shelf. 

4.2.9  Marine Pipeline Spills

Before OPA 90, Federal and state agencies shared responsibility for the regulation of marine pipelines. In Federal waters of the OCS, the DOT Office of pipeline safety regulated nearly 13,000 miles of transmission lines (larger pipelines that carry oil ashore), and the MMS regulated 4,000 miles of production pipelines (pipelines associated with the production and initial processing of the oil).  In state waters, OPS had jurisdiction over transmission lines, and the individual states have jurisdiction over production lines.

Implementation of OPA 90 expands MMS’s authority further, making it the primary agency responsible for ensuring oil pollution prevention and response capabilities for all offshore pipelines. MMS has extraordinary broad regulatory authority under the Outer Continental Shelf Lands Act in that it issues “rights of way” for all OCS activities, including the placement of pipelines, to ensure “maximum environmental protection.” In some cases, MMS applies this jurisdiction to OPS-regulated pipelines that begin in the OCS and extend into state waters. 

The U.S. OCS pipeline spill rate remained essentially constant at 1.30 spills per Bbbl transported (Anderson and LaBelle, 2001). Since 1990, there have been seven marine pipeline spills, but five of these were vessel related (anchor and trawl damage) and two the result of hurricanes, and not due to inherent flaws in the marine pipelines. Marine transmission and production lines have accounted for 98% of all oil spilled by OCS oil and gas operations (nearly 11,000 bbl annually from the late 1960s to 1980s).

In assessing the safety record for marine pipelines, the Marine Board of the National Research concluded that it was “good, but could be improved” (NRC, 1994). Specific improvements recommended to enhance pollution prevention from marine pipelines included:

· Safety regulations should be based on sound risk analysis and cost benefit analysis.  Regulatory agencies should agree on a common risk management strategy for setting priorities about human safety and environmental protection.

· To make better use of inspection resources and integrate enforcement of MMS and OPS regulations, the enforcement of regulations offshore should be performed by MMS, under interagency agreement.

· New large and medium pipelines running from platform to platform should be able to accommodate smart “pigs” to detect leaks.

· Pipeline operators should use a combination of leak detection methods to ensure timely detection of a broad range of leaks.

· MMS should coordinate an effort by appropriate Federal and state regulatory agencies and industry to establish a system for the reporting of leaks detected by a third party.

· In areas where supply and service vessels operate adjacent to fixed platforms with high density of pipelines, permanent moorings should be considered. In other circumstances, platform operators should be required to provide detailed and timely information to vessel operators on the configurations of pipelines so that vessels can anchor safely in designated areas. New pipelines should not be installed in congested areas.

· Upgraded methods and procedures should be adopted to ensure that pipelines are properly buried, and pipeline depth should be inspected regularly.

· Pipelines should be inspected upon abandonment to ensure that abandonment standards are met.

Overall it appears that pollution prevention measures for marine pipelines are being implemented and are functionally effective, but could be improved (rated as “medium” based on number of spills). They are probably applicable to a majority of the pipeline spill situations (applicability rated as “high”). Queries to MMS indicate that quantitative data on the cost-effectiveness of specific offshore platform spill prevention measures are not readily available. 

Because oil and gas production activities on the inner OCS are declining, the threat of oil spills from marine pipelines is expected to remain static. Measures such as the ones suggested by the NRC should therefore further mitigate spills over time.

4.2.10  Coastal Pipeline Spill Prevention Measures
Oil spill mitigation measures for onshore coastal pipelines and pipelines crossing internal waterways of the U.S. are the responsibility of the DOT Office of Pipeline safety.  The liquid pipeline network in the United States consists of about 155,000 miles of hazardous liquid pipelines that more than 220 operators run. The Office of Pipeline Safety has regulations for pipeline design, construction, operation, maintenance, and emergency response to ensure safe hazardous liquid transportation. OPS implements the Oil Pollution Act of 1990 (OPA ‘90) provisions for onshore oil pipelines. OPS seeks to make pipeline oil spills less likely, to diminish the spills’ threats to people and the environment, and to strengthen the response to spills.

To improve pipeline safety and pollution prevention, the Office of Pipeline Safety has begun implementing the Integrity Management Program (IMP). IMP validates the integrity of pipelines every five years; affects 87% of pipelines in country; steps up oversight and audit from OPS; and defines high consequence areas for pipelines such as water and population. Under the new integrity management program regulation, hazardous liquid pipeline operators who own or operate 500 or more miles of pipeline will be required to conduct a baseline integrity assessment of their pipelines within seven years using internal inspection, pressure testing, or other equivalent technology. They will also be required to promptly repair significant problems discovered during these assessments. 

The new rulemaking also requires periodic assessments at an interval not to exceed five years to assure that the condition of the line is understood, and any new problems that may arise can be identified and addressed. The rule also requires operators to integrate information from these assessments along with other information about the pipeline to identify and address the integrity threats that could adversely impact the public or the environment. This risk analysis will determine if additional prevention and mitigation measures are necessary to reduce the likelihood and/or consequences of a pipeline failure in or near a high consequence area. 

OPS has also initiated rulemaking to define drinking water and ecological areas that are unusually sensitive to environmental damage if there is a hazardous liquid pipeline release. These areas are referred to as unusually sensitive areas (USA’s). OPS created this definition through a series of public workshops, pilot testing, a technical review of the pilot test results, and extensive collaboration with a wide-range of federal, state, public, and industry stakeholders. This final rule does not require specific action by pipeline operators but will be used in existing and future regulations.

Initial feedback from industry on the Integrity Management Program indicates that the program is functionally effective in reducing the risk of spills and applicable to spill situations encountered throughout the onshore pipeline system. Both functional effectiveness and applicability are rated as “high”. As the system is just now being implemented by regulation, post-implementation quantitative data on cost-effectiveness are not available.

4.2.11 Onshore, Non-Transportation Related Facilities

The prevention of oil spills from onshore, non-transportation related facilities is the responsibility of the EPA. As a cornerstone of EPA's strategy to prevent oil spills from reaching our nation's waters, the Agency requires that certain facilities develop and implement oil spill prevention, control, and countermeasures, or SPCC Plans. Unlike other spill contingency plans that typically address spill cleanup measures after a spill has occurred, SPCC plans ensure that facilities put in place containment and other countermeasures that would prevent oil spills that could reach navigable waters. Under EPA's Oil Pollution Prevention Regulations, facilities must detail and implement spill prevention and control in their SPCC Plans. A spill contingency plan is required as part of the SPCC Plan if a facility is unable to provide secondary containment (e.g., berms surrounding the oil storage tank). 
A copy of the entire SPCC Plan must be maintained at the facility if the facility is normally attended for at least eight hours per day. Otherwise, it must be kept at the nearest field office. The SPCC Plan must be available to EPA for on-site review and inspection during normal working hours.
Following the massive Ashland Oil Spill in 1988, EPA formed the SPCC Task Force to examine federal regulations governing oil spills from above-ground storage tanks. The SPCC Task Force recommended that EPA clarify certain provisions in the Oil Pollution Prevention regulation, establish additional technical requirements for regulated facilities, and require the preparation of facility-specific response plans. In 1990, Congress enacted OPA 90 which, among other things, required certain oil storage facilities to prepare facility response plans. 

In response, EPA proposed revisions to the Oil Pollution Prevention regulation in two phases. EPA proposed its first set of revisions to the regulation on October 22, 1991. These proposed revisions, in addition to strengthening and clarifying previous regulatory language, outline the additional requirements for regulated oil storage and handling facilities. On July 1, 1994, EPA finalized its second set of revisions to the Oil Pollution Prevention regulations. The revisions incorporate the new requirements added by the Oil Pollution Act of 1990 that direct facility owners or operators to prepare, and in some cases submit to the federal government, plans for responding to a worst-case discharge of oil. 

The various provisions of the SPCC program can be assumed to be functionally effective in controlling spills from onshore facilities and are applicable to a broad range of facility spill situations. Both functional effectiveness and applicability are rated as “high”. Current upgrades to the SPCC regulations in 40 CFR 112 will improve functional effectiveness and applicability. The economic assessment for the pending regulations indicate that the program will be cost-effective (rated “medium”).

4.2.12  Non-Point Source Control Measures

The prevention of pollution from non-point sources in U.S. waterways is addressed under four major U.S. laws and regulatory initiatives: Clean Water Act (CWA), Coastal Zone Management Act and Reauthorization, National Pollution Discharge Elimination System (implemented under the CWA), and Inter-modal Surface Transportation Efficiency Act.

In 1987, Congress established the Non-point Source Management Program under section 319 of the Clean Water Act (CWA), to help states address non-point source, or runoff pollution by identifying waters affected by such pollution and adopting and implementing management programs to control it. These programs recommend where and how to use best management practices (BMPs) to prevent runoff from becoming polluted, and where it is polluted, to reduce the amount that reaches surface waters. 

The Coastal Zone Management Act of 1972 established a program for states and territories to voluntarily develop comprehensive programs to protect and manage coastal water resource. There are now 29 states and territories with federally approved coastal zone management programs. The Coastal Zone Act Reauthorization Amendments (CZARA) of 1990 specifically charged the coastal states and territories with developing upgraded programs to protect coastal waters from runoff pollution. This program is administered nationally by the Environmental Protection Agency (EPA) and the National Oceanic and Atmospheric Administration (NOAA). CZARA applies to construction sites in 29 states and territories where less than five acres is disturbed. CZARA also applies to storm water runoff that is carried by municipal storm sewer systems that serve populations of less than 100,000. 

Construction sites where five or more acres are disturbed are considered point sources of pollution and require a National Pollutant Discharge Elimination System (NPDES) storm water permit under section 402 of the CWA. In addition, the following types of storm water discharges are regulated under the NPDES permit program: discharges from municipal separate sewer systems serving populations of 100,000 or more; discharges associated with industrial activities, including construction sites of 5 acres or more; and other discharges identified by EPA or a state as needing an NPDES permit because they contribute to a water quality violation. 

EPA is developing regulations for other storm water discharges, which may include discharges from municipal separate storm sewer systems serving populations of less than 100,000 and discharges associated with commercial operations, light industries, and construction sites of less than 5 acres. If and when construction sites of less than 5 acres are regulated under the NPDES program, they will no longer be subject to the requirements of CZARA. 

A major piece of legislation designed to expand and improve the quality and condition of our national highway and transportation systems is the Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991, better known as "ice tea." This act contains provision for the planning and developing of highway systems and a host of transportation enhancements activities including the mitigation of water pollution due to highway runoff. Through ISTEA, states are able to use a portion of their federal funding allotment for runoff pollution control devices and other BMPs to prevent polluted runoff from reaching their lakes, rivers, and bays. 

Hydrocarbon pollution in coastal waters originates primarily from vehicles and more specifically auto and truck engines that drip oil. Occasionally do-it-yourself auto mechanics dump used oil directly into storm drains. Short-term concentrations of petroleum-based hydrocarbons are often high enough to cause mortalities in aquatic organisms. 

Oil and grease contain a wide variety of hydrocarbon compounds. Some polynuclear aromatic hydrocarbons (PAHs) are known to be toxic to aquatic life at low concentrations. Hydrocarbons have a high affinity for sediment, and they collect in bottom sediments where they may persist for long periods of time and result in adverse impacts on benthic communities. Lakes and estuaries are especially prone to this phenomenon. 

Because of their very nature, the primary means of preventing and mitigating non-point source hydrocarbon runoff are best management practices. CZARA established goals to be achieved in controlling the addition of pollutants to out coastal waters. EPA developed a Guidance Specifying Management Measures for Sources of Non-point Pollution in Coastal Waters. States with approved coastal zone management programs are required to incorporate the Guidance management measures, or more stringent management measures, into their Coastal Zone Non-point Source Control Programs. CWA section 319 programs assist states in the development of non-point source controls. 

Key management measures for hydrocarbons include: 

· Ensure proper storage and disposal of oil and toxic material. 

· Incorporate pollution prevention into operation and maintenance procedures to reduce pollutant loadings to surface runoff. 

· Develop and implement runoff pollution controls for existing road systems to reduce pollutant concentrations and volumes. 

The prevention and mitigation of incidental oil pollution from marinas and recreational boats are also included under the EPA’s non-point source pollution program, focusing on inland waterways. Accordingly, EPA has issued Best Management Practices under the “National Management Measures Guidance” to be used by marinas and recreational boaters designed to reduce spillage during refueling, from engine leaks and bilges, and poorly operating two stroke engines.

Because of it’s very nature, the functional effectiveness of the EPA’s non-point source control program on a case by case or region by region basis. It is assumed; however, that some reduction in non-point source PHC pollution is being achieved such that a “medium” rating appears reasonable. The program is widely applicable to all non-point source PHC inputs (applicability is rated as “high”). Determining the quantitative cost-effectiveness of the program is extremely difficult due to difficulties in measuring the reduction in petroleum inputs and the cost of BMP measures.

4.3. Effectiveness of Current Preparedness Measures

 4.3.1  Contingency Planning (Area Plans)

OPA 90 produced a major change in the national oil spill contingency planning strategy by introducing the concept of Area Committees and Area Plans. This recognized the fact that planning for spill response must be focused at the local level. OPA 90 requires that Federal, state and local officials must develop a comprehensive Area Contingency Plan (ACP) in each port area to coordinate activities of all parties during spills of all sizes up to and including the worst case scenario. These ACPs replace the Local Committee Plans that had been developed prior to OPA 90.  ACPs are now in place in all USCG port areas (MSO operating areas) and are considered a key positive innovation of OPA 90. However, shortcomings and constraints have been noted.

Walker et. al. (1995) found that the intent of OPA 90 was that industry and ACP plans operate together to provide a “whole solution” during response. It was noted that ACPs have yet to clearly articulate in written form how the response organizations of government and the RP will be integrated during response. They concluded that due to suggested “boiler plate” wording, there is little flexibility in meeting area specific concerns.

Waldron et.al. (1997) suggest that there are opportunities to revise vessel, facility, and ACP requirements to provide for more useful and realistic planning. At least with regard to coastal ACPs, the national response team or appropriate agencies should review all ACPs and determine which issues require nationwide uniformity and which issues are best left to local area committees within specific parameters. ACPs should be amended to provide useful guidance to responsible parties and response organizations.

 Lindstedt-Siva (1999) stated that contingency plans should allow those involved to develop a unified team approach to the response process. She concluded that this was the best way to deal with competing perspectives of the individual stakeholders, and develop consensus on goals, priorities, and standards to be used by all stakeholders in assessing preparedness and response performance.

Jensen et.al. (1999) addressed the need for standardization of the ACP process recommending that a national Area Committee (AC) model be developed to serve as a guide for the organization and function of an effective AC. This model should delineate the functions of all ACs, promulgate national standards for port preparedness, and set performance measures to objectively diagnose a port’s preparedness. They further recommended that ACs should assume a more aggressive role in the PREP area exercise program and that a national database be established to provide information to ACs and others involved with preparedness and response. Holt (2001) concluded that by and large the ACP process is working, however, the quality of plans varies greatly around the United States.

Westerholm et.al. (1999) reported on a USCG and EPA effort to develop a pilot project to address OPA 90 requirements for Area Contingency planning in the Captain of the Port Zone and corresponding EPA inland area in a portion of the Western Lake Erie Basin. This provided an integrated coastal and inland plan for the region. Local and state planners and responders as well as industry representatives fully supported the effort. The one plan eliminates multi-plan issues associated with divided federal response jurisdictions.

For the most part, the Area Contingency Plans established after EXXON VALDEZ have proved useful during major spills. Some shortcomings were noted during the T/V MORRIS J. BERMAN and T/V NORTH CAPE spills as recorded in the ISPRs for these two spills.

For the T/V MORRIS J. BERMAN (January 1994), the ISPR panel concluded that there was very little interoperability between the ACP and the Vessel Response Plan. During the T/B NORTH  CAPE spill (January, 1996), it was noted that the ACP did not contain sufficient information regarding the functions and duties of the elements in the response organization, did not adequately identify strategies for protecting and prioritizing sensitive areas, did not address the issues of volunteers for wildlife recovery operations.

This overall assessment is also reflected in the OPA 90 Effectiveness Study conducted by PCCI (USCG, 1997). The study concluded that:

· ACP’s have greatly enhanced the preparedness of the entire response community, not just the Coast Guard.

· State, local, and private agencies have become active in the development of the ACP.

· The role of the RRT has been altered with the introduction of the Area Committee.  The RRT is responsible for regional issues, policy decisions, and approval of alternative methods such as dispersant use and in situ burning.

· The ACP as a document could be made more useful.  The most often cited complaint is that the document is too large and poorly organized.

Likewise, the results of the OPA-90 Effectiveness: Past, Present, and Future study and session at the 2001 IOSC (Tannahill and Steen, 2001) indicate that

· Survey feedback indicates that better ACP could result in significant improvements in response preparedness

· ACPs need to be improved in many geographical areas

· ACPs should be more response oriented and less like a reference document

· ACPs should be made more readily available and usable

Contingency planning was also addressed under the OSPPR Public Hearing. John Gustafson, US National Response Team, EPA, stated that in regard to Area Planning Process/Area Contingency Plans (ACPs), we need to emphasize inland and marine facility plans.  Planning will improve response.  On the facility level, implementation of a one-plan system should be considered so that facilities don’t have to develop and use separate plans (RSPA, EPA, USCG). This system can be valuable to companies; it eliminates internal review problems and improves response situation. Wayne Hollingsworth, Aramco, stated that the National Contingency Plan should be coordinated down to facility/vessel plans.  We rely on ACP’s to identify areas of risk and concern but not all ACP’s are equal.  We need a template for ACP’s to ensure that they fit in the planning scheme. John Gustafson stated that we need to fully implement OPA 90 for hazardous substances in plans.  At local and state levels, there are common responses and plans.  We can open up to the public via the Internet on lessons learned.  It is a tremendous way to communicate and will enhance preparedness.

Overall it is clear that the Area Committee and Area Contingency Plan process initiated under OPA 90 is effective in improving preparedness to respond to oil spills (functional effectiveness is rated as “high”). The ACP process is applicable to most medium and major spill situations (applicability rated as high”).  A number of modifications and refinements have been recommended and are being implemented which should improve the ACP process in coming years. There are no quantitative estimates available on the effectiveness of the AC/ACP process in terms of increased quantity of oil that is being recovered, nor is it likely that such values could be easily obtained. Likewise the overall cost of the program to all involved stakeholders is difficult to compute such that cost-effectiveness is difficult to quantify. However, it is assumed that the program is relatively cost effective (rated as “medium”)

4.3.2  Coast Guard Regulated Responsible Party Response Planning (Vessel and Marine Transportation Facilities)

OPA 90 resulted in two rulemaking initiatives which placed contingency planning requirements on industry to complement the government ACP process. The Vessel Response Plan (VRP) rule requires all owners and operators of oil tankers and barges to prepare and submit to the Coast Guard a plan for responding, to the maximum extent practical, to a worst case discharge of oil and to the substantial threat of such a discharge. The Facility Response Plan requires that owners and operators of certain facilities prepare and submit a similar response plan to the Coast Guard. The facilities affected include all marine-transportation offshore facilities (except for marine pipelines), and any marine-transportation related onshore facility that, because of its location, could reasonably be expected to cause substantial harm to the environment if a discharge occurred.

The concept of vessel and facility initiated response has been generally accepted by the maritime industry. Moeller and Santner (1997) addressed the subject of appropriate vessel response actions in the event of an accident. They indicated that in an emergency, the priorities of the ship’s crew are to save lives, then the ship and cargo.  It is generally unrealistic to expect crew members to carry out spill response measures. Ship owners, however, often carry some equipment and/or materials on board, such as sorbents, in order to provide a self-help capability for small spills on deck. Notification is a key responsibility of ship owners in the event of an oil spill incident. Arrangements must be made on board to facilitate communication between the ship and the appropriate authorities ashore so that information relevant to the spill response is exchanged freely. Provisions are made for shore based response capability using cleanup contractors.

Corbett and Rignbakken (1997) addressed the adequacy of the current VRP process commenting that simplification of the vessel response plan requirements is needed to provide incentives to enhance environmental protection through the allocation of time and resources to address real versus perceived problems. Substantial cutbacks in the administrative process are needed so that more attention can be devoted to training and plans that really work. The vessel response plans need to be improved through the involvement of both regulators and professionals and there is a need for dialogue improvement between the Coast Guard and vessel owners.

Caplis and Tavel (1999) reported on the results of a survey to measure VRP effectiveness. Survey measurements indicated that plan holders perceive the plans as being closely linked to enhancing their preparedness, but not necessarily to enhancing a response through the use of the plan itself during an accident.  The overall strength of response plan is that it creates a predetermined, rapid response structure, which prepares the plan holder to implement a strategy quickly setting the response in motion and then adjusting the plan as circumstances require.

With regards to the interface between government and industry plans, Perry (1999) concluded that although it is clear that such a partnership is essential, nowhere else in the 

developed world is the primary responsibility for conducting oil spill response placed on industry, albeit with government’s oversight. There are still too many places where joint response capabilities are not well organized.

On the West Coast, ship owners and operators have encountered a situation where individual states require a VRP, in addition to the one required by Federal regulations. It is an administrative burden to have separate vessel response plans for multiple jurisdictions. As reported by Rogers and Cameron (1999) oil shipping companies on the West Coast of the U.S. worked with regulatory agencies to establish an integrated format that met the needs of all stakeholders. Cameron (2001) has taken this integration concept one step further proposing a comprehensive approach which would establish approved “umbrella” contingency plans for major port areas, supported by contracts with oil spill removal organizations (OSROs).  This preferred model has been adopted by the U.S. West Coast states, and affords the opportunity for the contracted responders to drill with emergency response officials, thus improving the likelihood of an efficient, coordinated spill response.

Concerns have been raised about ACP and VRP compatibility. For instance, following   the T/V Morris J. Berman (January 1994), the ISPR panel concluded that there was very little interoperability between the ACP and the VRP.

Issues have also been raised concerning the need for Federal marine facilities to have an FRP. During the M/V CAPE MOHICAN spill (October 1996) it was noted that the government shipyard did not have an established contingency plan and was not a member of any of the local response cooperative organizations.

The PCCI OPA 90 Effectiveness Study (USCG, 1997) specifically addressed the effectiveness of VRPs and FRPs. Their findings included

· FRPs/VRPs offer a great deal in the way of improved preparedness.  They cause vessel and facility owners to think through the process of responding to an oil spill, acknowledge their responsibilities and liabilities, and cause their facilities and/or vessels to participate in structured training and exercise programs.

· Plan revisions have not captured the lessons learned or improvements needed discovered in drills and exercises.

· The feedback loop for incorporation of areas noted for improvement is missing.

The OPA-90 Effectiveness: Past, Present, and Future Panel Session (Tannahill and Steen, 2001) also addressed VRP/FRP effectiveness noting that

· FRPs and VRPs, drills and training have all been cost effective OPA 90 requirements. 

· However, a few respondents felt drills and training contributed more to better preparedness than FRPs and VRPs.

· These plans have led to better preparedness to respond to large oil spills.

The overall effectiveness of the VRP and FRP process was also addressed in the USCG PRA Study (VNTSC, 2001) as the process was established by a formal rulemaking. The PRA found that the Vessel Response Plans were expected to result in a 1% reduction in the amount of oil spilled from takers and barges, and a 6% reduction in the quantity of oil remaining in the water. The VRPs were expected to result in a reduction of 2 % of the quantity spilled during lightering operations, and a 17% reduction in the amount of oil remaining in the water. The Facility Response plans were expected to result in an 11% reduction in the quantity of oil spilled at facilities, and a 17 % reduction in the amount of oil entering the water. For the VRPs, the marginal and individual cost effectiveness was 64,640 and 24,981 $/BNSR respectively making the VRP rulemaking one of the least cost effective rulemakings of those evaluated. For the FRPs the cost effectiveness was much better with a marginal and individual cost effectiveness of 3,039 and 1,313 $/BNSR respectively making the FRP rulemaking one of the most effective of those studied.

The issue of non-tank vessel response plans was addressed at the OSPPR Public Hearing.  Mr. Scott Schaeffer, State of California Office of Spill Prevention and Response stated that vessel traffic is being pushed farther offshore on the West Coast, so now many vessels are outside of the oil spill Co-op service/response area.  He had recommended that non-tank vessels be required to have vessel response plans as with tank vessels.  California is already doing this for vessels over 300 gross tons.

In summary, the functional effectiveness of the VRP and FRP regulations seem somewhat limited at 1% for tankers and barges and 6% for facilities. Functional effectiveness is therefore rated as being “low”. However, the VRP and FRP requirements have significantly enhanced the operator’s ability to respond to smaller spills and made the Responsible Parties far more aware and capable in participating in responses to larger spills. Hence these provisions are applicable to most spill situations such that the applicability is “high”. In terms of cost effectiveness, FRPs are reasonably cost effective (ranked 3 of the 11 initiatives investigated in the PRA) while the VRPs are not very cost effective (ranked 9 of 11 and an order of magnitude more costly than the FRPs). The functional and cost-effectiveness of these initiatives should remain static in the future.

The Coast Guard should consider examining other response planning models including those adopted internationally a the integrated port plans being adopted on the west coast, as the CG goes forward in improving response planning in the future.

4.3.3  Other Federal Agency Regulated Responsible Party Response Planning (Offshore Facilities, Coastal and Waterway Pipelines, Non-marine Transportation Related Facilities) 

· Offshore Facilities – MMS Oil Spill Contingency Requirements

Pursuant to 30 CFR 250.203, 30 CFR 250.204, and 30 CFR 254, a lessee is required to submit an Oil Spill Contingency Plan (OSCP) to MMS for approval. In order to facilitate this requirement in the Gulf of Mexico OCS Region, an operator may submit a regional plan covering all of their Gulf OCS operations. All regional and site-specific OSCP's are required to be reviewed and updated annually, and all modifications of an OSCP are submitted to MMS for approval. The OSCP assures that a full response capability exists and is available for commitment in the event of an oil spill. Such a commitment includes specification of appropriate equipment and materials, their availability and deployment time, and provisions for varying degrees of response effort, depending on the severity of the spill. This rule implements the requirement under the Oil Pollution Act of 1990 (OPA) that makes MMS responsible for reviewing and approving spill response plans submitted for both Federal and State offshore areas. 

The Environmental Protection and Response Plan is also required that outlines the availability of spill containment and cleanup equipment and trained personnel. It must assure that full response capability can be deployed during an oil-spill emergency. The plan includes specification for appropriate equipment and materials, their availability, and the time needed for deployment. The plan must also include provisions for varying degrees of response effort, depending on the severity of a spill. The OPA requires that spill-response plans identify and ensure the availability of private personnel and equipment necessary to respond to a worst-case discharge. For purposes of the MMS interim rule, MMS is considering a continuous spill for a facility to be a worst-case discharge. This is consistent with the MMS requirements for OSCP's at 30 CFR 254. 

Judging the functional effectiveness of offshore platform spill contingency plans is difficult as there have been very few spills particularly in the last decade (indicating a high effectiveness for prevention measures). The contingency plans can be assumed to be functionally effective in most scenarios (effectiveness rated as “high”). They are broadly applicable to medium and major spills that might occur on these platforms (applicability rated as high). Their cost-effectiveness has not bee quantitatively assessed.

· Coastal Pipelines - DOT OPS Contingency Planning Requirements

Just as oil tanker operators are required to submit oil spill response plans to the Coast Guard and refinery operators are required to submit the plans to the Environmental Protection Agency, oil pipeline operators are required to submit their facility response plans (FRP's) to OPS for review and approval. More than 1,500 facility response plans have been submitted to OPS. They represent 250 oil pipeline operators and lines that range from three inch gathering systems to thirty-six inch product lines and the forty-eight inch Trans-Alaska Pipeline System. OPS reviews the plans, emphasizing the adequacy of the pipeline operator's response resources, incident command system, and ability to protect environmentally sensitive areas. OPS makes sure that pipeline operators' plans are consistent with the National Contingency Plan and the local Area Contingency Plan, which the Coast Guard and EPA write. 

OPS seeks to better protect people and the environment by conducting table top and area exercises. OPS has conducted more than 80 table top and about six area exercises to test how well operators prevent and respond to oil spills. The scenarios present worst-case scenarios. A team of Federal, State, and local environmental and emergency response agencies and company representatives design the area drills, which include equipment deployment. The working relationships built during drills helped government and industry workers better prevent and respond to oil spills from pipelines. OPS helps conduct and evaluate drills that the Coast Guard, EPA, and industry sponsor.

Contingency planning provisions for pipelines under the OPA 90 Integrity Management Program are likely to prove functionally effective in reducing the risk of spills and applicable to spill situations encountered throughout the onshore pipeline system. Both functional effectiveness and applicability are rated as “high”. As the system is just now being implemented by regulation, post-implementation quantitative data on cost-effectiveness for the contingency planning are not available.

· Onshore Facilities – EPA Oil Spill Contingency Plans

On July 1, 1994, EPA instituted revisions to the Oil Pollution Prevention regulation at 59 FR 34070, which incorporate the new facility response planning requirements added by the Oil Pollution Act of 1990. Under the revisions, an owner or operator of a “substantial harm facility” is required to prepare, and in some cases, submit to the federal government, facility plans for responding to a worst-case discharge of oil. Facilities that determine they do not need to prepare a plan are required to keep a certification form on site that attests that the facility does not pose the threat of substantial harm to the environment. 

Under the regulation there are two methods by which a facility may be determined to be a "substantial harm facility." The rule allows facility owners and operators to determine for themselves whether their facility poses substantial harm based on an evaluation of the facility's transfer operations, oil storage capacity, lack of secondary containment, proximity to environmentally sensitive areas, etc. The second method allows EPA Regional Administrators to determine whether a facility within the EPA Region is a "substantial harm facility" based on facility-specific characteristics. EPA is required to approve only those plans that are submitted by facilities determined to be a “significant and substantial harm facility” EPA makes this determination based on the substantial harm criteria, as well as other site-specific information, such as local impacts on public health. 

The Oil Pollution Act also requires that facility response plans describe training and periodic unannounced drills/exercises. To address these new provisions, EPA requires the owners or operators of facilities that are required to prepare a facility response plan to develop and implement a facility response training program and a drill/exercise program.

The contingency planning  provisions of the SPCC program can be assumed to be functionally effective in controlling spills from onshore facilities and are applicable to a broad range of facility spill situations. Both functional effectiveness and applicability are rated as “high”. Current upgrades to the SPCC regulations in 40 CFR 112 will improve functional effectiveness and applicability. The economic assessment for the pending regulations indicate that the program will be cost-effective (rated “medium”).

4.3.4 Oil Spill Removal Organization (OSRO) Classification Program

The primary purpose of the Oil Spill Response Organization (OSRO) program is to provide a systematic way to classify OSROs. Once classified, planholders can list them by name and classification as an alternative to listing extensive resources in their tank vessel and facility response plans. OSROs and plan holders participate and use the classification program on a strictly voluntary basis. Since their inception, five years ago, 

the OSRO Classification Guidelines have undergone subtle changes to increase alignment with the regulatory requirements. Thirteen separate newsletters were published announcing these changes, eight of which were incorporated into the last revision of the Guidelines in 1997.  Since 1997, the guidelines have remained stable in form, but program managers and stakeholders identified more shortfalls, where the guidelines did not meet the regulatory requirements. OSRO classifications were intended strictly as a response “planning” tool that would allow plan writers to identify OSROs that could meet their response needs, as outlined by the regulations.

In order to ensure, at a minimum, that an OSRO classification represents, as accurately as

possible, an OSRO's response capabilities, the Coast Guard has initiated further changes to the guidelines were needed. The proposed changes are designed to ensure that the Coast Guard classification program provides a more accurate representation of an OSRO's response capability and better addresses  the regulatory requirements.

Since its inception, the OSRO program has been critically scrutinized in the literature. Van Zandt (1997) observed that the revised OSRO program is as significant improvement over the original program instituted in 1993.  Although it does not relieve the vessel and facility plan holder from identifying sufficient spill response resources, it does provide the plan holder with valuable aid in performing this task. Because of the inclusion of the response time considerations, the ability to analyze OSRO capabilities using the RRI computer, and the implementation of a vastly improved OSRO verification program, both plan holders and plan reviewers can have increased faith in the OSRO classification as a reliable indicator of an OSRO’s ability to respond to an oil spill.

With regard to OSRO classification shortcomings, Rinelli (1999) observed that an OSRO classification has become more of a marketing tool than a planning aid. The allowance of numerous waivers has caused an already complex and dynamic program to become unwieldy and not truly representative of an OSRO’s response capability, as it was intended. However, modifications to the OSRO classification program scheduled should address these types of concerns and others.

Some problems with the OSRO program have also been noted during actual spills. For instance, during the T/B NORTH CAPE spill (January, 1996), the OSRO employed by the RP did not perform at its level of classification. During the F/V KUROSHIMA spill (November 1997), six days into the response, the RP and the OSRO did not have a written contractual agreement and the OSRO did not have any up-front money or sufficient funds to finance a reimbursement-based response.

The PCCI OPA 90 Effectiveness Study (USCG, 1997) specifically addressed the OSRO program concluding:

· The Coast Guard classification system has evolved to allow quantifiable evaluations of the removal capacity by various factors, equipment type, location, recovery rate, etc.

· The OSRO is tested in drills, exercises and spills

· The OSRO is specifically identified in the various planning requirements and specifically retained through contract (or other approved means) by the plan holders.

· The ACPs derive and develop much of their response strategies and priorities based on actual OSRO capability.

OSRO classification was addressed at the OSPPR Public Hearing. Mr. Scott Schaeffer,

State of California Office of Spill Prevention and Response, recommended that the Coast

Guard classify OSRO’s at the COTP level rather than by National Strike Force because

the COTP is more aware of response needs.  He should verify OSRO equipment, training,

and drilling. 
In a qualitative sense, the OSRO program appears to be functionally effective in contributing to oil spill preparedness and is widely applicable to medium and major spill situations (both functional effectiveness and applicability rated as  “medium”). This may increase in the future as the program is further refined. At present, there have been no quantitative estimates on its functional effectiveness (increase in percentage of oil removed from the water) or cost-effectiveness of the OSRO program.

4.3.5  National Preparedness for Response Exercise Program  (PREP)

A significant initiative of OPA 90 was the formal requirement for government and industry drills and exercises. Before OPA 90, the responsibility for holding drills and exercises was largely left to the discretion of the individual companies storing, handling and transporting oil. The only structured government sponsored program was a Coast Guard funded program designed to exercise On-Scene Coordinators (OSCs) and the primary supporting organization for obtaining resources outside the local area, the Regional Response Team (RRT). These exercises became known as OSC/RRT exercises. However, there was no direct linkage to private industry.

Implementation of the OPA 90 drill and exercise requirements led to implementation of the National Preparedness for Response Exercise Program (PREP) which was developed jointly by the Coast Guard, EPA, DOT RSPA Office of Pipeline Safety and Minerals Management Service. PREP was developed to provide a mechanism allowing compliance with the OPA 90 exercise requirements, while being economically feasible for both government and industry. Under PREP there are 20 Area Exercises scheduled per year. The PREP program provides for direct industry as well as government involvement. The PREP Guidelines suggest that of the 14 industry led exercises, there be a mix of potential spill sources and responsible parties such that six exercises involve vessels, two involve marine transportation-related facilities, two involve non-transportation related facilities, two involve pipelines and two involve offshore facilities. Exercises can be either internal or external. Internal exercises are self-certified; external exercises are government certified. Exercise evaluations are recorded and records maintained. 

Overall, the PREP program has been judged effective and beneficial in enhancing national spill response preparedness. Kurgan and Laney (1995) reported the program to be highly effective indicating that Area PREP exercises create realistic situations focusing on specific objectives. Emphasis is placed on realism in the decision making process throughout the entire 30 weeks it takes to prepare an exercise. Data collected and lessons learned at each exercise are disseminated throughout the oil spill industry.

Kurgan and Cashmann (1997) observed that PREP area exercises have been effective in making changes to ACPs. They are also effective in producing an evaluation report rich in observations, lessons learned, and recommended actions that are shared worldwide through the Internet in the PREP Lessons Learned System.

The PCCI Study on OPA 90 Effectiveness (USCG, 1997) concluded that the PREP has had a significant and positive impact on the preparedness but that shortcomings existed and improvements could be made. Specific observations included:

· The high levels of awareness in industry have translated into high levels of participation in the PREP.

· The program could be further improved.  One area that is weak is feedback; there is no linkage to determine that messages have been received or if they have been helpful to others.

· PREP Lessons Learned System is difficult and awkward to use.  

· Inability to quantitatively measure the effectiveness of the program.

The OPA-90 Effectiveness: Past, Present, and Future Paper and Panel Session (Tannahill and Steen, 2001) reported that a few respondents felt OPA 90’s drill requirements were too vague and that drills required under the Preparedness for Response Exercise Program (PREP) were too frequent.

The value of unannounced PREP exercises was addressed at the OSPPR Public Hearing. Mr. Scott Schaeffer, State of California Office of Spill Prevention and Response recommended that there be more unannounced drills.  This is the best way to test readiness.  Of 10 drills in CA, seven were successful, one needed 76 hours before being approved, one company lost approval and regained it through extensive drilling, and one company lost approval. 

Like the OSRO program, the PREP program appears to be functionally effective in contributing to oil spill preparedness (functional effectiveness rated as high) . It is applicable to virtually all medium and major spill situations (applicability rated as medium”). This may increase in the future as the program is further refined. At present, there have been no quantitative estimates on its functional effectiveness (increase in percentage of oil removed from the water) or cost-effectiveness.

4.4 Effectiveness of Current Response Measures

4.4.1 National Strike Force Augmentation

OPA 90 resulted in a number of actions taken to bolster the Coast Guard’s National Strike Force that provides the primary government capability for responding to marine oil spills. Prior to OPA 90, the National Strike Force consisted of two Coast Guard Strike Teams, an Atlantic and Pacific Team trained and equipped to quickly respond to spills that exceeded the local OSCs capabilities. The NSF also included a small (two person) Public Information Assistance Team (PIAT). Following OPA 90, a coordinating headquarters organization was established as the National Strike Force Coordination Center (NSFCC), and a third strike team, the Gulf Strike Team, was re-established. The PIAT staff was assigned to the NSFCC and staff elements created to manage the PREP and OSRO programs. NSF staff was essentially doubled and upgraded equipment was purchased. The overall impact on the national response system is quite positive and should result in significant improvement in response to both major and catastrophic oil spills (Crickard and Jensen, 1993).

Overall this augmentation is considered functionally effective, although a more current assessment of the capability may be warranted (functional effectiveness rated as medium). NSF spill response capabilities generally will come into play only on major spills; however, the training and OSRO classification management activities of the NSF apply to all medium and major spills (applicability rated as “medium”).  Quantitative cost-effectiveness data on the NSF augmentation program are not available.

4.4.2 Incident Command System Implementation

Difficulties encountered during the response to the EXXON VALDEZ spill in 1989 highlighted the need for a more sophisticated and robust organizational structure for responding to spills, and particularly larger spills that involve extensive interaction between Federal and State agencies, industry Responsible Parties, and local organizations and resource trustees. Shortly after the spill, the Incident Command System (ICS) became a popular means of providing this structure. ICS was developed in the 1970s as an emergency response organizational structure for firefighting. It has since been adapted to numerous other applications and now represents the Coast Guard’s overall organizational scheme for emergency response. Standard ICS components are: common terminology, modular organization, integrated communications, unified command structure, consolidated action plan, manageable span of control, pre-designated incident facilities, and comprehensive resource management. It allows for a modular approach in handling the five major emergency response functions: command, operations, logistics, planning and finance.

The adoption of the ICS concept has been recognized as a positive innovation in oil spills response of the 1990s among Federal agencies. Industry is somewhat less supportive of the concept. It first became prominent at the T/V AMERICAN TRADER response. In describing the use of ICS by British Petroleum America during the T/V AMERICAN TRADER spill (February 1990), Rolan and Cameron reported that, “despite the unrecognized issues and the unfamiliarity of some team members with the ICS, the organization worked well and can be credited with a share of the success of the American Trader oil spill response”.

Walker et. al. (1995) observed that the advantages of the system are clear: its use enables the organization, regardless of which entity has overall management responsibility, to quickly integrate management resources, all of whom have common training and skills and a consistent understanding of the procedures, into an effective, productive goal oriented team. ICS has the flexibility to adapt to multiple jurisdictions by the addition of a unified command structure at the highest decision making level.

However, the system has met with criticism as well. Cohn and Wallace criticized the trend toward creation of highly centralized response organizations based on the Incident Command System. They indicated that research demonstrates the need for a decentralized, flexible decision-making structure during a crisis. Perry (1999) noted that in comparison with systems elsewhere in the world, ICS produces a very large management organization that may complicate the decision-making process.

Despite some misgivings and observed shortcomings, ICS has contributed in a positive manner during a number of spill responses since EXXON VALDEZ. As mentioned above, it was successfully employed during the T/V AMERICAN TRADER spill. During the San Jacinto River Pipeline Spill (October 1994) it was observed that the National Interagency Incident Management System (NIIMS) ICS effectively managed as many as 1,500 response personnel and was so effective that it was adopted by the USCG and Texas General Land Office. It was concluded that implementation of the ICS/Unified Command Structure will enhanced overall preparedness for spill response.

Following the T/B NORTH CAPE spill (January, 1996) it was reported that the NIIMS-based ICS used in this response gave hundreds of participants a general framework with which most were at least vaguely familiar and allowed those unfamiliar with ICS to make positive contributions to the response effort.  During the F/V KUROSHIMA spill (November 1997) the Responsible Party successfully established a full incident command system and had over 100 cleanup personnel working on the spill.

The PCCI OPA 90 Effectiveness Study (USCG, 1997) also judged ICS to be effective concluding that:

· The implementation of a standard response management system, the NIIMS ICS, will further cause improvement in response preparedness because management techniques will become more universally understood.

· Gives responders a common management language so that the team can more quickly focus on response problem solving, rather than struggling with ad hoc management structures.

· Allows the implementation of standard training curriculums, and the possibility of more rapid incorporation of personnel from other areas into a local spill management teams.

ICS is considered functionally effective by the Coast Guard and other Federal agencies but less so by private industry (functional effectiveness rated as “medium”). It is primarily applicable to major spills (applicability rated as “medium”). Quantitative cost-effectiveness data on the ICS implementation are not available.
4.4.3 Salvage and Vessel Countermeasures

An important aspect of preventing and minimizing an impending oil spill is the availability of vessels, equipment and personnel to conduct vessel salvage, spill containment and cargo offloading from the vessel experiencing the casualty. Since EXXON VALDEZ, questions have arisen as to the ability of government and responsible parties to maintain this capability, and effectively utilize it during a spill. 

Holt (1995) observed that worldwide salvage capability had declined to the extent that natural and economic resources were seriously at risk from increased tanker accidents. There is little debate that oil spill response efforts benefit from sufficient salvage capability to minimize the effects of certain marine incidents. Questions that are currently being investigated are: 1) What is a sufficient level of salvage resources?, 2) Should these resources be limited to commercial arrangements or should governments contract for the pre-positioning of salvage resources, and 3) Can emergency salvage be rendered obsolete by requiring that tankers be built better, with more redundant steering and propulsion systems. In judging the state of the salvage industry, Perry 1999 concluded that maintaining ready salvage capability is a very expensive proposition, and payment to support these vessels is always a difficult matter. There always will be a need for a healthy salvage industry, especially when the likelihood of the need for salvage support in a given area is very is very remote.  He further noted that salvage capability worldwide continues to erode.

Following the M/V NEW CARISSA spill (February 1999) on the Oregon Coast, the Review Committee commissioned by the Governor of Oregon expressed concern over the inability to get a salvage tug on-scene to pull the vessel off the beach. They pointed out that because of declining workload for private salvage companies, continued reliance upon private salvage companies may no longer be viable and alternative methods must be devised to provide salvage vessel readiness. 

At the international level, steps have been taken to ensure the salvage companies are available to respond to an oil spill emergency. According to White (1997), a New Code of Practice issued from the International Salvage Union and the International Group of P&I Clubs is designed to improve the efficiency of salvage response to pollution threats.

Special Compensation provisions have been put in place to encourage salvors to intervene whenever pollution threatens.

Liability is also an issue for salvors. Peck and Ellmore (1995) note that by allowing salvors to do their work without fear of liability in the event that their good-faith efforts fail, salvors are more likely to respond to a casualty at an early stage; and having responded early, are more likely to succeed in helping both the casualty and the marine environment.

With regards to coordination of salvage efforts within ICS, communications problems encountered during the salvage portions of the NEW CARISSA response made some observers conclude that the ICS structure should be reorganized to include salvage operation oversight in the Operations Section. This has also been observed by Deal et. al. (2001) who concluded that recent responses have clearly confirmed that salvage can be the primary form of marine pollution control and it must become a conspicuous component of any Incident Command System exercise, actual or training. They further indicated that ICS documentation and National Preparedness for Response Exercise Program (PREP) exercises still do not give appropriate prominence to salvage operations. Important organizational and management issues must be addressed so that a Unified Command can integrate effective salvage response with its management of spill control and cleanup operations. However, Buie (1999) noted that the responses to the Buffalo 292 and the Buffalo 286 oil spills demonstrated that a coordinated, well conceived, and professionally executed salvage operation could be conducted within the ICS framework.

On the subject of salvage capabilities and readiness, the PCCI OPA 90 Effectiveness Study noted that OPA 90 has resulted in increased opportunities for use of private sector salvage resources. It was further noted that OSCs will continue to be called upon to strike a balance between providing opportunities for proper use of capable private salvage resources while also employing available government resources and skills to minimize oil spill risk.

However, the OPA-90 Effectiveness: Past, Present, and Future Paper and Panel at the 2001 IOSC (Tannahill and Steen, 2001) further noted that adequate vessel salvage resources and planning are needed since they do not appear to have improved since OPA 90 was enacted.

The need for better salvage and fire fighting capabilities aboard vessels is the focus of a current Coast Guard regulatory initiative. Requirements for salvage and marine firefighting resources in vessel response plans have been in place since February 5, 1993 (58 FR 7424). The existing requirements are general. The Coast Guard did not 

originally develop specific requirements because each salvage and marine firefighting response for an individual vessel is unique, due to the vessel's size, construction, operating area and other variables. The Coast Guard's intent was to rely on the planholder to prudently identify contractor resources to meet their needs. The Coast Guard 

anticipated that the significant benefits of a quick and effective salvage and marine firefighting response would be sufficient incentive for industry to develop salvage and marine firefighting capability parallel to the development of oil spill removal organizations.

Early in 1997, it became apparent that there was disagreement among planholders, salvage and marine firefighting contractors, maritime associations, public agencies, and other stakeholders as to what constituted adequate salvage and marine firefighting resources. There was also concern as to whether these resources could respond to the 

port nearest to the vessel's operating area within 24 hours.

A public workshop was held on August 5, 1997, to address issues related to salvage and marine firefighting response capabilities, including the 24-hour response time requirement, which was then  scheduled to become effective on February 18, 1998. The participants uniformly identified the following three issues that they felt the 

Coast Guard needed to address:

(1) Defining the salvage and marine firefighting capability that is necessary in the plans.

(2) Establishing how quickly these resources must be on-scene.

(3) Determining what constitutes an adequate salvage and marine firefighting company.

On February 12, 1998, a notice of suspension was published in the Federal Register, suspending the 24 hour requirement scheduled to become effective on February 18, 1998, until February 12, 2001 (63 FR 7069) so that the Coast Guard could address the issues identified at the public workshop through a rulemaking that would revise the existing  salvage and marine firefighting requirements. The Coast Guard has decided to extend the suspension period for another 3 years. The extension of the suspension period will continue to relieve the affected industry from complying with the existing 24-hour requirements until the project is complete, and amendments to the salvage and marine  firefighting requirements become final.

Salvage and firefighting capabilities were addressed at the OSPPR Public Hearing. Ms. Sally Lentz, Ocean Advocates (also representing Bluewater Network) addressed the under-utilization of salvage as a preventive measure.  She commented that salvage is usually only seen as a response tool.  Unfortunately, the current level of readiness is not sufficient to utilize salvage as a preventive measure.  A good example is the NEW CARISSA incident and the difficulty experienced getting a tug out to assist it.  Perhaps a level of readiness to respond within 24 hours could have prevented the spill.  The salvage situation needs to be looked at comprehensively (see the two Marine Board studies).  The Coast Guard should promote this issue. 

Based on the information above, it appears that the national salvage and fire-fighting capability is not as effective as it could be and could be improved (functional effectiveness rated as “medium”). However, salvage and firefighting are only applicable to a small portion of spill scenarios (applicability rated as “low”). Quantitative cost-effectiveness data for salvage and fire-fighting provisions are limited. However, cost effectiveness is a key issue in that maintaining this capability within the private sector in that it is becoming less-viable with time as the number of vessel casualties decreases (cost-effectiveness rated as “low” from the private sector perspective). A potential option is to maintain the salvage capability within the Federal government where cost-effectiveness is not the sole criteria for justifying its continuation.

4.4.4 Augmented Responsible Party Liability (Criminal & Civil)

OPA 90 mandated higher levels of financial responsibility for vessel owners and operators for removal costs and damages from oil spills. The rule is applicable to any vessel transporting or lightering oil. Vessels are prohibited from operating in U.S. waters unless operators provide assurance in the form of a Certificate of Financial Responsibility that they can meet the increased financial liability. The rule ensures that the needed resources will be available for immediate cleanup of a spill and the reduction of adverse effects. Furthermore, it is designed to discourage substandard vessels from operating in U.S. waters because of the added liability. 

Despite the envisioned and realized benefits of the OPA 90 initiative, there has been considerable debate over its effectiveness and impact on the industry and numerous shortcomings have been noted. Bovet (1995) observed that the Certificate of Financial Responsibility Provision represented somewhat of a crisis for the shipping industry. While the COFR regulation was likely to increase safety and quality in vessel operations, it placed an added burden on ship owners through added insurance costs and administrative complicity. Hartley and Beckerman (1997) investigated the concept of changing limits of liability based on the types and volumes of spills from specific facilities. Extensive data collection and analysis revealed that the type and quality of the data needed to support recommendations for setting limits for oil spills from specific categories of facilities were either not available or not reliable. No recommendation could be made regarding a change in the limits of liability.

Issues have also been raised regarding the compatibility of OPA 90 vessel liability provisions and international liability provisions. Holt and Johnson (1995) observed that OPA 90 legislates in several areas not covered by the international liability scheme for oil spills. While OPA 90 has encouraged the international community to take certain steps to provide greater protection, significant differences remain between OPA 90 and the applicable international rules and standards.  Protection of the marine environment on a global scale would be increased if the United States and the international community could bridge these differences.

Sheehan (1995) investigate the concept of harmonizing the OPA 90 and the International regimes. He proposed that Mandatory Excess Insurance Facility (MEIF), or a similar concept, might eventually serve as a vehicle or catalyst to permit the crafting of a truly international regime. With regards to limits of liability within the U.S., Stolls (1995) investigated this and found that there is a patchwork of vessel liability and financial responsibility requirements among the U.S. coastal states.

The OPA-90 Effectiveness: Past, Present, and Future paper and session at the 2001 IOSC (Tannahill and Steen 2001) addressed the issue of liability limits and criminal and civil liability provisions. Survey respondents commented that

· Liability limits, criminal/civil penalties, and cost of spill responses have increased operator’s attention to spill prevention.

· A few respondents said that since these are insurable, they have not affected operations significantly.

· Evidence of Financial Responsibility rules have reduced spills, partly by reducing the number of marginal operators. 

Although the increased limits of liability have raised the awareness of owners and

operators with regard to their OSPPR responsibilities, there is reportedly a negative

implication with respect to criminal liability. At the OSPPR Public Hearing, Jennifer

Kelly of the American Waterways Operators stated that (3) liability is a difficult issue for

mariners--they can take precautions, but when an accident occurs, they’re viewed as

being as liable as a grossly negligent owner/operator.  When every spill is treated as a

crime scene, cooperation is difficult.  Cooperation allows for root cause analysis. 

Liability and prosecution also make it difficult to retain qualified mariners. 

Congressional action with Coast Guard support to eliminate criminal prosecution of

mariners will attract more experienced mariners and help induce an honest root cause

analysis.  Mr. Dennis Bryant, of Haight Gardner Holland and Knight also addressed

public and government reactions to pollution and impacts on industry, particularly

criminal prosecution in marine incidents and the use/misuse of strict liability statutes. 

Elsewhere in the world, there’s no rush to prosecute after an incident.  In the public’s

perception, increased prosecution may actually increase incidents.  Some responsible

o/o’s won’t transport in United States because of liability and prosecution.  They are

retiring rather than facing the risks associated with transporting oil.  The United States

runs the risk that less responsible o/o’s and mariners will transport oil instead.  When

there is an incident, few people are willing to talk for fear of prosecution; for example,

NEW CARISSA personnel didn’t want to talk, so the facts from that spill are still not

clearly determined.  The Coast Guard should work with DOI and EPA to ensure that

criminal investigations and prosecutions are limited to criminal activity (e.g., Migratory

Bird Act was not enacted for oil spills).  He mentioned the NTSB symposium on

prosecution--1998 Coast Guard subcommittee hearing on liability.


Based on the above discussion and comments, it appears that the RP liability provisions

of OPA are functionally effective in ensuring that spillers undertake aggressive response

actions, and endeavor to prevent spills whenever possible (functional effectiveness rated as “high”). These provisions are applicable to most spill situations (applicability rated as high”). However, the more aggressive criminal liability provisions have caused some mistrust and lack of cooperation in certain spills. There are no quantitative data on the cost-effectiveness of the RP liability provisions, and these would undoubtedly be difficult to assess because of the nature of the requirements.

4.4.5 Mechanical Recovery Advances

In 1989, the EXXON VALDEZ oil spill in Prince William Sound, Alaska exposed many weaknesses in U.S. oil spill response capabilities, including the limitations of mechanical recovery equipment and systems, and the lack of the necessary logistics and training to support deployment and operation. To improve mechanical recovery capability, a major technology development and evaluation effort has been undertaken by federal agencies, as outlined in the Interagency Oil Spill Research and Technology Development Plan mandated by OPA 90. In addition, individual states and industry—including both MSRC and individual system manufacturers—have contributed to and augmented the federal effort, often through joint projects with these agencies. New systems have been designed, prototyped, and tested at OHMSETT (re-opened for testing by the Minerals Management Service [MMS] in 1992) and at sea. This renewed technology development-evaluation effort has gained momentum in the period 1993–1998. Specific oil spill recovery systems include:
· Oil tracking and mapping systems

· Oil containment booms and skimmers

· Pumps, oil/water separators (including emulsion-breaking systems), and temporary storage devices

· Fast-water recovery technology

· Technology for oil recovery in ice environments

Oil Tracking and Mapping Systems

To mount countermeasures and cleanup, spill extent must be located and mapped quickly, and where possible, the thicker portions of a slick must be identified. Doing this allows for efficient deployment of mechanical recovery resources, as well as dispersant application systems and in situ burn equipment. Once on-scene, response units must be appraised of and vectored to the higher concentrations of oil to be effective. Spill reconnaissance is critical to the success of all three response techniques.

The major advances in oil spill tracking and mapping since 1993 have been the development of low cost, portable IR cameras for tactical spill mapping and scanning laser fluorosensors for wide-area oil discrimination. In addition, GPS and computer technology advances have improved the ability to compile and display real-time data. 

These advances should have a positive impact on the ability to deploy and manage 

mechanical recovery, dispersant application, and in situ burn resources in future spills. 
It is difficult to quantitatively assess the degree to which these advances in oil tracking and mapping technology will improve overall removal capability, as the impact is highly dependent on the specific spill scenario. The effectiveness of oil tracking measures is often more dependent on the type of oil and prevailing environmental conditions than the general performance characteristics of the sensor or system used. 

Oil Containment Booms and Skimmers

The primary pieces of mechanical recovery equipment are containment booms and skimmers. They can be deployed separately or be integrated into a single system for use on a vessel of opportunity or a dedicated OSRV. Over the past several years, oil containment technology has remained relatively static, with no significant advances in fundamental concepts and approaches. Most development and evaluation effort has been in integrating containment and recovery devices (with particular emphasis on the VOSS approach) and refining the technology to allow for containment and recovery operations at higher tow speeds. 

The increase in tow speed is significant in that it increases the amount of oil that can be gathered and made available to a skimmer (i.e., encounter rate), which is the main limiting factor in mechanical recovery operations. Previous testing and experience indicate that limiting tow speed (or water current velocity if a boom is stationary) for effective containment is 0.75 kts. Recent modified boom designs such as the NOFI Vee-Sweep and similar designs, however, have pushed effective operating speed above 1 kt and toward 1.5 kts, which represents a significant improvement in the overall ability to recover oil in open water. 

As with containment boom, development and evaluation of skimmers continue to be incremental, with much effort devoted to refining pre-existing designs. Schulze (1998) provides a comprehensive performance review of various skimming systems that have been tested over the past twenty-five years. Although the review shows that skimming technology is well-advanced, it is difficult to quantify the increase in performance capability, as skimmer testing has been intermittent with little testing being conducted during the 1980s. Most of the test data for the more common systems date back to the mid-1970s.  The skimming systems tested in the early 1990s following the EXXON VALDEZ spill use the same concepts as previous models, but have different design configurations. This make direct comparisons of the Oil Recovery Rate for different skimmers, tested at different times and different test facilities, somewhat misleading. To attempt to quantify the overall progress in skimmer development over five years is difficult at best.

Although the overall recovery capability of skimmers has not improved dramatically over models available before 1993 (e.g., USCG-ODI Skimming Barrier System, Transrec System, Marco, and JBF Skimmers), the flexibility of these systems to be integrated with various boom configurations and operate in faster currents is improving.                                                          
                                                                                                                                                           In summary, recent design efforts for containment boom and skimmers have concentrated on increasing tow speeds, which should lead to higher oil recovery rates. The recovery capacities of available mechanical equipment, however, have not increased significantly since 1993. Therefore, in the immediate future any increases in the mechanical response capability for a vessel or facility will require plan holders to contract for additional equipment.

Pumps, Oil/Water Separators, and Temporary Storage Devices

Once oil has been removed from the water surface, it must be transferred, processed, and/or temporarily stored for transport to shore (see discussion on page 3-5). This aspect of mechanical recovery often causes a bottleneck in response operations. Pumping high-viscosity, weathered oil was a serious problem during the EXXON VALDEZ spill, as well as other major spills. During the past few years, advances have been made in this technology, with development and/or evaluation of improved transfer pumps, oil/water separators, and temporary storage devices. 

In summary, there has been progress in the development and evaluation of oil/water separation systems and temporary storage devices. Further development and implementation of these systems should streamline future mechanical recovery operations.  Most mechanical recovery operations; however, are hindered by booming and skimming limitations rather than by storage capacity limitations. Therefore, the improvements in storage capacity alone are not likely to result in a significant increase in mechanical recovery capability.

Fast-Water Response Technology Development

Oil spills in fast-moving water (above 1 kt) are difficult to control and recover because of the ease at which oil mixes with water and entrains under booms and skimmers. A lack of effective fast-water containment and recovery systems, mooring problems, logistical complications, and limited training and experience in these difficult and dangerous response conditions have hampered response efforts in high currents on rivers.

Although 69% of oil transported on U.S. waterways is in currents that routinely exceed 1 kt, very little research has been conducted on new technologies and strategies. A recent USCG study of fast-water recovery found that in the 12 commercially active waterways surveyed, there are 234 facilities with an average WCD scenario of 4.6 million gals of oil. In the past 6 years, 58% of all oil spills 100 gals and larger occurred in fast-current water bodies, representing 4.5 million gals of oil spilled in waterways with currents that routinely exceed 1 kt (Coe and Gurr, 1998). It is difficult to recover oil in these conditions before environmental damage occurs.

As reported by Coe and Gurr (1998), technology is advancing such that it is possible that a proven fast-water containment and recovery system, capable of operating above 3 kts, could be configured using V-shaped boom and one of the more advanced high-speed skimmers.  There is limited operational experience in using these systems in the field and deployment and offloading in fast water situations is generally difficult.  For these reasons, the ability to mechanically recover oil in high-current situations above 3 knots continues to be limited. However, only a very small percentage of spills will occur in currents of 3 knots.

Technology for Oil Recovery in Ice Environments

The technology for recovering oil in ice-infested environments has remained static since the mid-1980s. Glover and Dickens (1999) provide an overview of the current strategies and procedures for dealing with oil spills under Arctic conditions. Mechanical recovery in light ice conditions (2–3 oktas or 25%–37% in ice coverage) is possible, albeit difficult, using ice diversion schemes and standard containment booms and skimmers. Rope mop skimmers are preferred because other skimmers will become clogged with smaller pieces of ice quickly. Recovery in higher concentrations of broken ice is virtually impossible. In situ burning is the only effective countermeasure for broken ice conditions. Recovery on solid ice is possible, but again, in situ burning is preferred. Recovery from under ice is very difficult, if not impossible, as there is no proven technology for locating oil under ice, and gaining access to the oil is difficult. 

Efforts are underway to improve the technology for recovering oil in ice environments. Several prototypes have been tested so far, and further testing is scheduled to take place in the near future. These efforts, however, have not resulted in commercially available equipment at this time.

Despite the above mentioned technology advances, the overall capability of mechanically removing oil from the water remains limited. Perry (1999) observed that in those regions of the world where mechanical containment and recovery for major offshore spills remains the only or primary response method, there is unlikely to be any significant improvement in response operations. It is not an efficient process and rarely collects more than 10-15% of spilled oil. However, various major spill responses since EXXON VALDEZ listed in Appendix C-1 provide some general indication that the recovery percentages may be somewhat better than this: 

Spill



Location/Date



% Oil Recovered

Unocal Pipeline Spill,

Morro Bay, CA, August 1992 

39% 

Colonial Pipeline Spill
Potomac River, VA, March 1993 

86% 

T/B BOUCHARD 155
Tampa bay, FL, August, 1993 

45% 

T/B MORRIS J. BERMAN 
Spill, San Juan, PR, January 1994 

96% 

T/B BUFFALO 292, 

Houston Ship Channel, TX, March 1996
44%

T/B BUFFALO 286, 

Houston Ship Channel, TX, May 1996
48%

Colonial Pipeline Spill
Reedy River, SC, June 1996


91%

T/V JULIE N.


Fore River, ME, September 1996

78%

T/B CTCO


Mississippi River, LA, June 1998

50%


Although these cleanup operations took place in sheltered environments under favorable conditions, and the estimates of oil recovery were not systematically collected, they do constitute a significant portion of the major spills that occurred (approximately half) and suggest that average mechanical recovery effectiveness may now be greater than the 10%-20% generally quoted before EXXON VALDEZ.

Mechanical recovery cleanup capability was also addressed at the OSPPR Public Hearing. Mr. Tom Coe, CSC Advanced Marine stated that 58% of all spills occur in water that exceeds 1 knot, making it difficult for booms and skimmers to recover oil.  Additional research on new technologies is needed, as well as incentives for OSRO’s and Responsible Party’s to get more effective equipment in these areas and onboard vessels and in facilities.

Overall it appears that the functional effectiveness of mechanical recovery as a response tool is improving albeit still limited to 10-30%  (functional effectiveness rated as “medium”). Of all the response measures, it is applicable to the greatest potion of spills (applicability rated as “very high”). In terms of cost-effectiveness, this has been estimated at $34/gallon (See Figure 3.5 in Section 3.5).  Cost-effectiveness is therefore rated as “medium”)

4.4.6 Alternative Countermeasures Advances (In Situ Burning and Dispersants)

Since the TORREY CANYON spill in 1967, in situ burning has been employed as a response technique for various spills with varying degrees of success. Throughout the 1980s, it was considered as an alternative countermeasure to mechanical recovery, particularly in Arctic regions where the remoteness of potential spill scenes and presence of ice often would preclude mounting a successful mechanical recovery operation. It was not considered a “primary” countermeasure for spills in offshore and nearshore areas of the continental United States.

This perception began to change in 1989, however, when fire-resistant booms were used in the initial stages of the EXXON VALDEZ spill response, during which 15,000 gals of Prudhoe Bay crude oil were burned effectively (Allen, 1991). In a situation where all other spill response techniques appeared marginally effective, this modest accomplishment provided renewed interest in developing in situ burning as a countermeasure of choice for major open-water spills. 

Research and technology development efforts have intensified in the years following EXXON VALDEZ to improve fire-resistant boom design, refine operational procedures, and resolve issues associated with air contamination from burning. These research efforts culminated in an international, multi-agency test burn in 1993 offshore of St. Johns, Newfoundland known as the Newfoundland Offshore Burn Experiment or NOBE (Fingas et al., 1995b). The experiment verified that in situ burn operations can be conducted safely and effectively, with burn efficiencies exceeding 90% (percentage of oil removed from the water surface); helped address many of the uncertainties regarding air contamination; and confirmed the overall viability of in situ burning as a legitimate response countermeasure.

In situ burn technology has progressed significantly and steadily since EXXON VALDEZ. Fire-resistant boom designs are being refined and tested to improve service life when exposed to fire and mechanical stress at sea. Advanced fire-resistant boom designs that would allow almost continuous burning are now being prototyped and tested. Concurrently, the technology and procedures for predicting the movement of the smoke plume and monitoring emissions levels have improved significantly in recent years. 
In situ burn vessel platforms require aircraft to identify patches of oil that are of suitable thickness for burning and evaluate burning effectiveness. Oil spill tracking technology has advanced to allow better tracking of oil slicks moving in the water, but still is not sufficiently refined to determine oil thickness.
The availability of fire-resistant booms, pre-staged around the country, has increased dramatically in recent years. Prior to EXXON VALDEZ, virtually no fire-resistant booms were pre-staged. Now, several in situ burn equipment stockpiles exist in the continental United States and Alaska. In the continental United States, the largest stockpiles are owned by Marine Spill Response Corporation (MSRC) and Clean Caribbean Corporation (CCC) and are available by contract only to their members. Alaska has the largest stockpile of booms, with roughly 10,000 ft in Southern Alaska and 20,000 ft on the North Slope. In situ burning is rapidly evolving as the immediate countermeasure of choice for certain spill scenarios. It is the only effective countermeasure for response in heavy ice. 

There have been significant advances in in-situ burn use policies in the last five years. In situ burn pre-approval or expedited approval agreements exist for most U.S. coastal regions. Pre-approval agreements typically empower the FOSC or unified command to make in situ burn use decisions without further consultation for spills occurring more than three miles from shore. Expedited approval agreements require consultation with other agencies, but those agencies must provide their input within two hours of being contacted. Many WCD scenarios in the ACPs include in situ burn use consideration as part of the response strategy. RRTs around the country are adopting an aggressive policy on its use. It is included in several ACPs as an immediate countermeasure, and it has been integrated into training exercises in the Gulf of Mexico, Pacific Northwest, and Alaska.
As a result, there is growing acceptance of in situ burning as a standard countermeasure, with RRTs and Area Committees integrating it into their response protocols and contingency plans. In situ burning is now considered a viable countermeasure for larger, offshore spills and certain inland, on-water spills in isolated locations. In situ burn scenarios are now being incorporated into oil spill response training exercises routinely.

Unfortunately, open-water in-situ burning operations have not been employed to any degree in an open water, major spill situation since EXXON VALDEZ. Burning was employed with some degree of success in the T/V MEGA BORG Spill and the M/V NEW CARISSA spill where the oil was ignited and burned at the vessel. During the San Jacinto River Spill, oil was ignited in areas where it had collected along the river. These isolated instances where burning has been successful, the growing inventory of fire-resistant boom and igniters, and the continuing interest in the countermeasure indicate that it is a far more viable option than before EXXON VALDEZ. For open-water situations, the applicability of the countermeasure is limited by the relatively small window-of-opportunity when it will be effective.

However, there is a general consensus that in-situ burning has a definite role in certain inshore situations (oil trapped in marshes), oil in ice situations, and in situations resulting in the continuous release of oil from a stationary source (e.g., a well blowout). 

Overall it appears that the functional effectiveness of in-situ burning as a response tool is “very high” in that when it can be applied, it removes up to 90% of the oil from the environment. Applicability is limited to only a small subset of spill situations (applicability rated as “low”).  In terms of cost-effectiveness, this has been estimated at $11/gallon (See figure 3.5 in Section 3.0) such that the cost-effectiveness is “very high”.

The technology for dispersant application has developed as well in the past few years, and the availability of dispersants, application equipment, and delivery platforms has increased.  Modern dispersant formulations have extended the window of opportunity for dispersant use to 72 hours and beyond. Current oil spill tracking technology allows better tracking of oil slicks moving in water, but still is not sufficiently refined to determine oil thickness. Scientific data are now available demonstrating that dispersed oil concentrations in the water column quickly return to background levels. Further, analysis of the tradeoffs between dispersant use and mechanical recovery demonstrates that, in many incidents, dispersant use, either in combination with or instead of mechanical recovery, could enhance protection of the environment significantly.

Currently, there is one long-range dispersant aircraft contractor in the continental United States and one long-range dispersant aircraft contractor in Alaska. Suitable aircraft are available but not under contract near the West Coast; short-range aircraft are available but not under contract to plan holders in Hawaii and the Caribbean. Short-range aircraft are available by contract in Alaska, Arizona, California, and Pennsylvania, and available but not under contract in Florida, Idaho, Louisiana, Maine, Texas, and Washington. 

There are dispersant stockpiles located throughout the continental United States and Alaska. There are sufficient airports around the coastal United States to accommodate dispersant operations using either long- or short-range aircraft with transit time of less than one hour to all spills within 50 miles of shore. 

Dispersant pre-approval or expedited approval agreements exist for most U.S. coastal regions. Pre-approval agreements typically empower the FOSC or unified command to make dispersant use decisions without further consultation for spills occurring more than three miles from shore. Expedited approval agreements require consultation with other agencies, but those agencies must provide their input within two hours of being contacted. Many WCD scenarios in the ACPs include dispersant use consideration as part of the response strategy. Additionally, many areas are investigating the potential for dispersant pre-authorization in waters up to the shoreline. 

Dispersants have been used on several recent smaller spills in the Gulf of Mexico with positive results. However, like in-situ burning, dispersants have only been used as a significant countermeasure in one major spill in the U.S. to date, the T/V PUERTO RICAN Spill off California in October 1984. However, the general perception is that it is becoming a more viable and seriously considered countermeasure over time.

This is reflected in the literature in studies and papers dealing with Alternative Countermeasures. To facilitate dispersant implementation, Ott et. al. (1993) recommended that a national list of dispersants, based on efficiency and toxicity criteria for classes of oils and environmental conditions, be published. They also

noted that the decision structure for approving the use of dispersants must be streamlined and involve as few jurisdictions as possible. Perry (1999) observed that dispersant use is still controversial, but is slowly gaining acceptance as the benefits become more widely accepted, and limitations become better understood.  In responses where the oil type and environmental situation make dispersant use the most appropriate technique, evidence shows that dispersants provide the best means of high-rate oil removal from the sea surface. However, Perry was less optimistic about in situ burning concluding that it was a “niche technique” having value in calm and confined waters. Walker et.al. (1999) concluded that the national capability and predisposition to use alternative countermeasures had improved for both in situ burning and dispersant use. 

The PCCI OPA 90 Effectiveness Study (USCG, 1999) also addressed the current state of alternative countermeasures stating that they have only marginally been tested and noting 
that the window for application is usually very short and early in the response effort - decision window is even shorter. They concluded that until the procedures, assets and understanding of the processes involved mature; the measure of effectiveness of alternative responses resources will be highly speculative.
The OPA-90 Effectiveness: Past, Present, and Future 2001 IOSC Paper and Panel Session (Tannahill and Steen, 1999) also addressed this issue noting the need for a robust system for using non-mechanical resources which can remove more oil from the water’s surface than mechanical methods.  It was concluded that non-mechanical methods have not increased much during the last 10 years in the United States, and such methods could reduce response costs and spill damages.

The subject of alternative spill countermeasures was also addressed at the OSPPR Public Hearing.  Several of the participants commented on the need for a more aggressive posture on dispersant use. Mr. Tom Coe, CSC Advanced Marine, noted that Exxon is looking at freshwater dispersants as well as saltwater dispersants.  The New Orleans Area Committee is considering freshwater dispersant use on the Mississippi River.  We should consider all  planning areas as candidates for dispersant application. 

Wayne Hollingsworth, Aramco, commented that although mechanical “equipment caps” are already sufficient, we need to look at other alternatives such as dispersants. We’re at a standstill on the issue.  The Coast Guard is not moving as fast as industry would like. Regarding vessel and offshore facility response plan regulations, MMS and the Coast Guard need to work together to develop dispersants as a response tool and come up with similar language in the regulations.  EPA should be included too; all should get together to do a test spill. 

Sally Lentz, Oceans Advocates, noted that from an environmental perspective, there’s a lot of concern about dispersant use on a regular basis for response.  Some dispersants are highly toxic to marine life.  Studies show dispersed oil is more available to marine organisms than non-dispersed oil.  Caution should be applied in the thought that just because oil is dispersed, it’s safe.  Really, it is often still there.  The “solution is dilution” approach is an old approach.  Dispersant use as appropriate should be limited--sometimes because of physical characteristics for effectiveness.  In-situ burning is appropriate in some circumstances but should be limited.  The problem is you need to contain spill for in situ burning: if you can contain it, then you can recover it mechanically.  Why trade off one environmental hazard for another (water pollution for air pollution).  

Mr. Bob Pond, Session Facilitator commented that the Coast Guard is trying to address and get a feel for dispersants and in situ burn effects on the environment.  The Coast Guard has been engaging in ecological risk assessments on a community basis around the country:  Puget Sound, San Francisco, Galveston Bay, Long Island Sound and Mobile Sound.  This allows the whole community to participate in identifying risks and impacts so they can come to conclusions regarding practicability using these countermeasures.  Is there an awareness of some of these activities at the regional level by industry and environmental groups?  Are there other things the Coast Guard should be doing?   The Coast Guard is often frustrated in finding opportunities to engage productively with environmental groups for consensus building and policy making.  The problem is getting the environmental community actively engaged and involved in the process.  There must be some halfway point.

The CG has studied this issue extensively and participated in both CG and industry sponsored workshops looking at alternative response technologies in general and dispersant and ISB technologies in particular. The CAPS report summarizes much of this work and culminated in the generation of a CG regulatory project that will require industry to establish dispersant capability nationwide and encourage development of ISB capability.   Area committees and RRT have established use protocols for both technologies. The local and regional planning communities are moving beyond these initial, limited use protocols to examine environmental tradeoffs between mechanical recovery, ISB, dispersant and other technologies throughout their planning areas.  

Overall, the opportunity for use, availability of dispersants and application resources, and trend for FOSCs and RRTs to seriously consider and more readily approve their use indicate that an expanded role for dispersants is both practicable and warranted. Spill circumstances may dictate against mechanical recovery use in favor of dispersant use. For example, environmental conditions (e.g., sea state or winds) may be such that mechanical recovery equipment may be ineffective or even dangerous to operating personnel. Dispersant use is ideally suited for use in higher-sea states when containment boom is ineffective. A spill may occur relatively near to shore but in an area remote from mechanical recovery equipment. A dispersant capability may allow for a quicker, more effective response than mechanical recovery in open water, away from more environmentally sensitive areas. Also, in the case of a massive or continuous release, mechanical recovery may be hindered because of limited available temporary storage; dispersant use would then be an appropriate complement to mechanical recovery. 

Overall it appears that the functional effectiveness of dispersant as a response tool is high in that when it can be applied, it can remove a significant portion of the oil from the water’s surface decreasing the possibility of wildlife oiling and shoreline contamination. Modern dispersant formulations have extended the window of opportunity for dispersant use to 72 hours and beyond. Functional effectiveness is rated as “medium”. However, applicability is limited to only a small subset of spill situations (applicability rated as low”) .  In terms of cost-effectiveness, this has been estimated at $20/gallon (See figure 3.5 in Section 3.0) such that cost-effectiveness is rated as “high”.

4.4.7 Shoreline Cleanup Advances

Unfortunately, an almost inevitable outcome of an oil spill in coastal waters is that a portion of the spilled oil impacts the shoreline. At this point a decision must be made on whether to remove the oil and/or remediate the shoreline, or leave the oil in place subject to natural degradation processes. Because of the extensive length of shoreline impacted and the wide variety of shoreline types involved, the EXXON VALDEZ oil spill provided a unique opportunity to employ and evaluate various shoreline cleanup methods. Subsequent major spills involving shoreline cleanup have led to further refinement of cleanup technologies. In particular, techniques for shoreline washing and bioremediation have been significantly improved. 

Perhaps more importantly, the overall shoreline cleanup management process has been greatly improved through the development of the Shoreline Cleanup Assessment Team (SCAT) process and development of the “How-Clean-Is-Clean” (HCIC) decision-making process which provides a rational framework for determining when a point of diminishing return has been reached for cleanup operations.

An overview of recent major spills provides numerous examples of innovations and progress both in shoreline cleanup methodology and decision-making. For instance:

· During the EXXON VALDEZ spill response (March 1989) shoreline cleanup operations involved hot-water washing of beaches, application of fertilizer to enhance bioremediation on 70 miles of beaches, and limited tests of the shoreline cleaner, Corexit 9580. It was later determined that the hot water washing caused additional damage to the shoreline reinforcing the value of natural degredation (no cleanup) as a viable shoreline response option. The SCAT and HCIC processes were also refined during the response.

· During the Exxon Bayway Pipeline spill response (January 1990), Customblen, a slow-release fertilizer, was applied by Exxon Research and Engineering to selected areas of previously impacted shoreline on Pralls Island to enhance oil removal by increasing biological activity on the remaining oil. 

· During the T/B BOUCHARD 155 spill (August 1993), most of the oil in tidal mud flats, oyster and seagrass beds, etc. was successfully vacuumed out using vacuum transfer units on grounded barges staged around the islands and shallow areas. Seawalls, jetties, walkways, and riprap were cleaned by high-pressure hot-water washes.

· During the T/V MORRIS J. BERMAN spill response (January 1994) various methods ranging from hot pressure washing to the use of cleaning agents were tested and considered. The management of shoreline cleanup operations involving historical resources was also refined.

· During the T/B BUFFALO  292 spill response (March 1996) the shoreline cleanup assessment team (SCAT) effort was noteworthy because of its evolution during the event and because it demonstrated the importance of having a pre-trained pool of field personnel. Traditional SCAT methods proved too time consuming in the early phases of response, but did provide valuable information in gaining agreement on acceptable final cleanup levels.

· During the Texaco Pipeline spill (May 1997), the “coffee ground” beaches were very porous and had oil as deep as 0.8 inch.  As a cleanup measure, removing the organic material from these beaches would hasten erosion.  Therefore, the beaches were trenched and sorbent material was used to collect migrating oil. Management innovations included formation of a Marsh Assessment Team and an Aerial Assessment Team.  These teams were an adaptation of the traditional SCAT process.

· During the F/V KUROSHIMA spill response (November 1997) an unusual shoreline cleanup technique involved taking advantage of a thermal treatment unit located in Dutch Harbor.  Approximately 2,000 tons of oiled beach sand were treated and returned.

The specific examples cited above show ongoing evolution and incremental improvement in shoreline cleanup capabilities. This is responsible, at least in part, for the higher volumes of oil recovered during major spill response since EXXON VALDEZ. This progress has been noted in the literature. Perry (1999) noted that over the last 20 years shoreline cleanup equipment has improved, become more readily available, and has been used extensively to clean up spills. In addition, self-cleaning (natural degradation) decisions are becoming more common in lower energy areas, especially if oil and fine particle interaction is occurring. 

Bettancourt et. al. (1999) noted a need for better integration of the SCAT process within the spill response management structure. They concluded that SCAT generated information can be extremely complicated and dense.  Information is often filtered and distilled down until it is nearly useless. The inability to manage critical information often wastes valuable resources and time. To better manage information and decision making associated with shoreline cleanup, the SCAT process must be fully integrated into the Incident Command System.  

Another issue raised has been the need to better coordinate and integrate shoreline cleanup and remediation activities with subsequent restoration activities. With regard to the SCAT process, Wehrenberg (2001) noted its value in linking and coordinating response and restoration activities stating that the SCAT coordinator can bridge the gap between response activities and damage assessment-based restoration activities, the SCAT coordinator can integrate an understanding of common objectives during the development of cleanup guidelines, constraints, and endpoints combined with knowledge of the goal of reducing the overall magnitude of resource injury and the time necessary for environmental recovery. The SCAT coordinator can also provide a quality control function, thus ensuring that the data are recorded correctly and are accessible to support the Responsible Party in the NRDA.

Overall it appears that the functional effectiveness of shoreline cleanup is steadily improving such that functional effectiveness is rated as “medium” now whereas it was probably low a decade ago. It is applicable to most spills since the majority of spills both large and small where a response effort is undertaken that involves some measure of shoreline contamination (applicability is rated as “high”).   The cost-effectiveness of shoreline cleanup is low as it generally involves the manual removal of the oil, the cost of which has been estimated at $83/gallon (See figure 3.5 in Section 3.0) such that the cost-effectiveness is low.

4.4.8 Natural Resource Restoration (NRDA Procedures, New Technologies)

Federal mandates for Natural Resource Damage Assessment and Resource Restoration stem from the Clean Water Act (CWA), Comprehensive Environmental Response, Compensation and Liability Act (CERCLA), the Oil Pollution Act of 1990 (OPA 90) and the National Marine Sanctuaries Act (NMSA) and other federal laws. At the time of the EXXON VALDEZ spill in Prince William Sound, the NRDA process had been developed but was just being tested in the courts, and had not been thoroughly implemented in practice (Tarr, 1990). In this respect, EXXON VALDEZ had a significant impact on the NRDA process as we know it today.

For spills in the coastal zone, NRDA and Restoration Activities are handled by NOAA. NOAA’s NRDA activities address damages from long-term releases of hazardous materials as well as oil spills. NOAA’s NRDA and Restoration activities include: evaluating toxic releases; assessing and quantifying injuries; recovering damages through negotiation or litigation; developing and evaluate restoration alternatives; and implementing successful restoration strategies. NOAA provides an integrated approach to natural resource damage assessment and restoration. Where possible, NOAA negotiates cooperative settlements with the parties responsible for the injury, minimizing litigation. By working together with responsible parties and co-trustees to collect data, conduct assessments and carry out restoration actions, NOAA works to restore a clean and healthy environment as quickly and effectively as possible.

NRDA procedures and cost recovery are implemented on less than 1 % of all oil spills according to Helton and Penn (1999). As part of their analysis they analyzed the 30 medium and major spills where the NRDA process was employed. Of these, only six occurred before EXXON VALDEZ and 23 occurred after EXXON VALDEZ. For the incidents studied, only 26 % of the overall cost of these spills was attributable to NRDA claims somewhat contrary to public perception and industry opinion. In the largest incident by volume and cost, only 10% of the cost were NRDA costs.  Accordingly NRDA costs are not an overriding factor in motivating responsible parties.

However, the NRDA process has evolved and become more viable in its own right. Mauseth and Kane (1995) noted that the application of NRDA and use of science has improved measurably in the past few years. The goal of restoring the environment injured by anthropogenic means has met with public acceptance.

The NRDA and Restoration process was also addressed in the OPA-90 Effectiveness: Past, Present, and Future paper and panel session (Tannahill and Steen, 2001) where survey responders noted that damage assessments and restoration management need to be streamlined, partly because too many interested parties make decision making inefficient. Some responders felt that public review of restoration plans led to better results; others felt public review delayed timely restoration activities.

The NRDA process is considered generally effective although improvements can be made (functional effectiveness rated as “medium”). It is only applicable to larger (major) spills where natural resource damage assessments are made and environmental costs are recovered (Applicability rated as “low”). Although no definitive studies of NRDA program cost-effectiveness have been undertaken, the cost-effectiveness of the program is probably “high” in that the NDRA assessments recapture funding for damage  remediation in an amount that justifies the cost to the Federal government. 

4.5 Summary of Mitigation Measure Assessment

Table 4.2 summarizes the overall findings in this section with respect to the Functional Effectiveness, Applicability and Cost-Effectiveness of the various prevention, preparedness and response mitigation measures evaluated. It should be noted that this assessment is very subjective and should be revisited in detail as part of Phase II of the project. Additional data are needed from other Federal agency stakeholders in the process who have more specific qualitative information as well as quantitative data on their OSPPR programs.

Table 4.2 Summary of OSPPR Mitigation Measure Functional Effectiveness, Applicability and Cost Effectiveness

	
	Risk Mitigation Effectiveness

	Mitigation Measure
	Functional Effectiveness
	Applicability
	Cost Effectiveness

	Prevention
	
	
	

	Double Hull Requirements
	Very High
	High/Medium
	Low

	Crew Licensing and Training
	Low
	High
	Medium

	Vessel Management
	High
	High
	Medium

	Oil Transfer Spill Prevention
	Medium
	Medium
	Medium

	Tow and Barge Measures
	High
	Medium/Low
	N.D.

	Port State Control Program
	High
	Medium
	N.D.

	Operational Discharge Control
	High
	High
	Medium

	Offshore Platform Measures
	High
	High
	N.D. (MMS)

	Marine Pipeline Measures
	Medium
	High
	N.D. (MMS)

	Coastal-Onshore Pipelines
	High
	High
	N.D. (EPA)

	Onshore Facility
	High
	High
	N.D. (EPA)

	Non-Point Source Control
	High
	High
	N.D. (EPA)

	Preparedness
	
	
	

	Agency Contingency Planning
	High
	High
	Medium

	VRP/FRP Response Planning
	Low
	High
	VRP – Low, FRP - Medium

	Other Agency RP Planning
	High (EPA, MMS, OPS)
	High (EPA, MMS, OPS)
	N.D. (EPA, MMS, OPS)

	OSRO Classification
	Medium
	Medium
	N.D.

	PREP
	High
	Medium
	N.D.

	Response
	
	
	

	NSF Augmentation
	Medium
	Medium
	N.D.

	ICS Implementation
	Medium
	Medium
	N.D.

	Vessel Salvage & Containment
	Medium
	Low
	Low

	RP Liability
	High
	High
	N.D.

	Mechanical Recovery Advances
	Medium
	Very High
	Medium

	Alternative Countermeasures
	ISB – Very High

Dispersants - Medium
	ISB- Low

Dispersants - Low
	ISB – Very High

 Dispersants - High

	Shoreline Cleanup Advances
	Medium
	High
	Low

	NRDA Advances
	Medium
	Low
	High/ N.D. (NOAA)


Note:  FPSO, floating, production, storage, and offloading system.

Qualitative Rating scheme: Very High, High, Medium, Low

N.D.:  Need Additional Data  (Agency Specified)

In particular, quantitative information is needed on cost-effectiveness for the various mitigation measures as it is difficult to otherwise characterize this parameter, even for the purposes of relative ranking. 

Using the qualitative rankings contained in Table 4.2 and the information contained throughout this section, it is possible to somewhat subjectively assign overall effectiveness or “efficacy” rankings to the collective prevention, preparedness, and response mitigation measure categories in the OSPPR Risk Assessment Matrix. This is shown in Table 4.3. It is important to remember; however, that these qualitative rankings are based largely on general information in the literature and input from stakeholders who have expressed an opinion. In addition, each cell represents a collection of mitigation measures which should be addressed individually and more fully analyzed in Phase II of the OSPPR Risk Assessment. This could be accomplished by teams of stakeholders with specific expertise in these areas who could gather additional information, come to a consensus on the overall effectiveness of specific initiative in their particular focus area, and bring these results forward for consideration by the larger stakeholder group involved in the risk assessment process. 

	
	
Risk Characterization
	Risk Mitigation
OPA 90 Initiative Effectiveness
	

	
	Risk Identification
	Consequences/Impact
	Prevention
	Preparedness
	Response
	Risk Forecast

	

Source Category
	Pre-
OPA 90

Mgal/yr
	
OPA 90

Mgal/yr
	2000–2010

Mgal/yr
	Environ-mental

$/gal / Total $M
	Economic

$/gal / 

Total $M
	Political


	Technology
Regulation
Policy
	Technology
Regulation
Policy
	Technology
Regulation
Policy
	Overall Assessment
Future Threats and Opportunities

	Point Source
	
	
	
	
	
	
	
	
	
	

	Vessels
	
	
	
	
	
	
	
	
	
	

	Tankers
	5.12
	2.41
	0.56
	24 / 316
	319 / 13,418
	Very High 
	Very High
	High
	Medium
	

	Barges
	1.97
	2.18
	0.61
	171/ 82
	116 / 314
	High
	Very High
	High
	High/Medium
	

	Non-Tank Vessels
	0.665
	0.399
	0.189
	21 / 7
	197 / 71
	Medium
	High
	Medium
	High/Medium
	

	    Freighter
	0.61
	0.30
	0.08
	21
	197
	Medium
	High
	Medium
	High/Medium
	

	    Passenger Vessel
	0.006
	0.003
	0.008
	21
	197
	Medium
	High
	Medium
	High
	

	    Fishing Vessel
	0.039
	0.096
	0.101
	21
	197
	Low
	Medium
	Medium
	High
	

	Recreational
	Unk
	Unk
	0.011
	21
	197
	Low
	Low
	Low
	High
	

	Pipelines
	
	
	
	31 / 20
	31 / 96
	Medium
	Medium
	Medium
	
	

	Offshore
	0.168
	0.091
	0.160
	31
	5.3
	Medium
	Medium
	Medium
	Medium
	

	Onshore
	0.63
	0.21
	0.36
	31
	31
	Medium
	High
	High
	High
	

	Offshore facilities
	
	
	
	5.3 / 2.5
	5.3 / 26
	Medium
	High
	High
	Medium
	

	Offshore platform
	0.116
	0.034
	0.016
	5.3
	5.3 / 26
	Medium
	High
	High
	Medium
	

	FPSO
	0
	0
	0
	5.3
	0
	Unk
	Medium
	High
	Medium
	

	Onshore facilities
	
	0.440
	0.791
	17
	121
	Low
	High
	High
	High
	

	Storage/transfer
	
	
	
	17
	121
	Low
	High
	High
	High
	

	Boatyards/marinas
	
	
	
	17
	121
	Low
	High
	Medium
	High
	

	Municipal/sewage 
	
	
	
	Unk
	Unk
	Low
	High
	N/A
	N/A
	

	Industrial facilities
	
	
	
	Unk
	Unk
	Low
	High
	Medium
	High
	

	Non-Point Sources
	
	
	
	
	
	
	
	
	
	

	Urban runoff
	
	
	Unk
	Unk
	Unk
	Minimal
	High/N.D.
	N/A
	N/A
	

	Atmospheric
	
	
	Unk
	Unk
	Unk
	Minimal
	High/N.D
	N/A
	N/A
	

	Natural seepage
	
	
	Unk
	Unk
	Unk
	Minimal
	N/A
	N/A
	N/A
	


Table 4.3  Matrix Outlining Components of the OSPPR Program Risk Assessment.
(Note: FPSO: Floating,  Production, Storage, Offloading.     Unk: unknown      N.D.: Need Additional Data    N/A.: Not Applicable
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5.0   CONCLUSIONS and RECOMMENDATIONS 

Sections 1.0 through 4.0 of this report have outlined the concept for a strategic level risk assessment of the Coast Guard’s OSPPR Program. The concept has been proposed and the process (decision structure) defined in some detail to produce a matrix-based approach for analyzing the magnitude of risks, determining the impact of risk mitigation measures, and developing a management strategy for dealing with these risks in the next decade. A considerable amount of information has been compiled and analyzed to characterize the nature and magnitude of current and future risks by source category. Current mitigation measures have been reviewed at a strategic level to gain a sense of their overall relevance and effectiveness in reducing of risk. In this regard, the information contained in this report provides a strategic roadmap and knowledge base to be used in the proceeding with Phase II of the OSPPR risk assessment which will analyze risks and mitigation measures in more detail, and formulate risk management options and strategies for the future. 

At this point, it is appropriate to summarize the findings of the study three key areas:

· The progress made to date in defining the OSPPR risk assessment process,

·  the adequacy of the information already compiled and additional information that would be valuable to support the process,

· key issues that should be addressed in the risk analysis including both those that are specific to individual source categories, as well as cross-cutting issues that impact the overall OSPPR program, and

· recommendations for proceeding with Phase II of the effort. 

5.1 Accomplishments and Assessment of Information 

The following are conclusions on the level of success achieved to date and comments on additional information requirements.

· The concept of conducting a strategic risk assessment is viable and consistent with the current G-M policy of integrating RBDM principals at all levels of the Coast Guard’s Marine Safety and Environmental Protection Program.

· Numerous risk assessment methodologies were reviewed and evaluated for potential application in the context of the OSPPR risk assessment.  The most applicable methodologies appear to be the strategic-level, qualitative methodologies that can integrate various types of input data and rely on the past experience of participants involved in the process. A variation of the Environmental Risk Assessment process has been proposed in that it meets the general criteria mentioned above, is well suited to the range of parameters and input data types, and has been used in an oil spill application at the port level. Accordingly many of the potential participants and stakeholders will be familiar with it. The overall scope, decision structure and content for the OSPPR risk assessment are embodied in Figure 1.3 as supplemented throughout Sections 2.0 through 4.0.

· With regard to the characterization of current and emerging oil pollution inputs to the marine environment, the data are currently limited for a number of source categories on an international and national level. This is particularly true for international data, as well as national data on non-point source categories and operational discharges from vessels and recreational craft.  Many of these data needs will hopefully be filled by the anticipated 2002 NAS study. Other needed data in specific source categories may be available from other stakeholder agencies. At present, the most complete data set available for the purposes of this study is that compiled by ERC for this study, which covers the marine transportation source categories of immediate interest to the Coast Guard.

· With respect to the characterization of spill impacts, some quantitative data are available for NRDA costs, response costs, third party claims and fines and penalties. These costs have been compiled using data from past medium and major spill events. Two such sets of historical spill data have been analyzed for this study and provide some insight into the relative magnitudes of these costs, but are not directly comparable with each other because they include different spills and span different time periods. These data sets could potentially be merged and augmented with impact and cost data from other spills to provide more precise estimates of environmental and economic costs associated with each source category. Political impacts have been characterized in a qualitative, subjective manner, but are difficult to quantify and characterize by source category.  

· With respect to the characterization of prevention, preparedness and response measures, there is a wide range of information available varying from specific quantitative data from targeted research efforts to anecdotal qualitative information from the literature and public comment. The most reliable information is that available for Coast Guard programs; additional information is needed from other Federal agencies to assess the effectiveness of their programs. The quality of the information on the effectiveness of mitigation measures varies significantly in terms of certainty and precision. Accordingly it will be difficult to compare effectiveness among various mitigation measures, and make direct quantitative assessments of mitigation measure effectiveness. However, there appear to be sufficient qualitative and in some cases quantitative data available to allow subjective assessments of mitigation measure effectiveness in terms of functional effectiveness, applicability to spill situations and cost effectiveness. This may be sufficient for formulating OSPPR management options at a strategic level.

5.2 
Key Issues for Consideration

Throughout Sections 2.0 through 4.0, a number of key issues have been identified which warrant consideration in assessing the magnitude of the risks and formulating management options in proceeding with the OSPPR risk assessment process. Some of these are specific to individual source categories and some are cross-cutting issues which are summarized as follows:

Vessel Spills and Discharges

· Spills from tank vessels remain a primary concern because of the volume input from this source category both within the U.S. and worldwide. Although spill volumes from tankers has decreased in the last decade in the U.S. and major spills have not occurred in the U.S. since the early 1990s, tanker spills in Europe and elsewhere underscore the persistence of this threat. Definite progress has been made in reducing routine spills and coping with tanker spills of reasonable size; however, it is clear that the threat of a major or even catastrophic spill in U.S. waters remains an issue. The current capability to respond to such a spill warrants further consideration.

· Spills from barges continue to be an issue. Although significant progress has been made in reducing the volume input from this source category, several major spills have occurred in the past decade. This threat should decrease due to aggressive prevention initiatives under OPA 90 and following the NORTH CAPE spill. Industry is also aggressively pursuing prevention initiatives under internal management programs such as the AWO Responsible Carriers Program. Consideration should be given as to the current adequacy of these prevention measures to assure that the positive trend in preventing barge spills continues.

· Spills from non-tank vessels have become an issue particularly after several recent accidents that have involved  large spills from bunker tanks. Although consideration has been given to double-hull prevention measures for larger non-tank vessels, there is some question as to the overall applicability and cost effectiveness of this prevention measure. However, it does appear that better preparedness measures may be needed to deal with spills from larger non-tank vessels such as in the case of the NEW CARISSA. In particular, requiring Vessel Response Plans for larger non-tank vessels may be an effective additional preparedness mitigation measure.

· Operational discharges from vessels remain somewhat of an open question. Although these discharges do not appear to be prevalent in U.S. coastal waters, they undoubtedly continue to be a problem worldwide. The 2002 NAS study should provide further insight on the magnitude of this input. With this knowledge, consideration should be given to the adequacy and aggressiveness of U.S. initiative (particularly under the Port State Control Program) in controlling these discharges.

· Routine discharges into U.S. waters from recreational boats and personal watercraft (PWCs) are also an item of concern. There is indication that this input is substantial but it has not been adequately quantified or its potential impact determined. Addressing this issue should be a key agenda item for the Coast Guard and EPA in proceeding with the OSPPR risk assessment.

· The adequacy of marine salvage capabilities remains an issue in assessing the national capability to respond to vessel accidents and potential spills. Although the technology and operational procedures are well developed, maintaining a viable capability within the private sector is becoming less cost-effective in a business sense. The advisability of  augmenting the government’s role in marine salvage (either directly or under contract) should be considered.

Pipelines

· The volume input of oil from onshore and offshore pipelines remains relatively static and far below that from vessels. For onshore pipelines, aggressive OPA 90 initiative such as the Integrity management Program will probably decrease the risk from this source over time. Spills from offshore pipelines are infrequent but generally involve damage from vessels rather than failures within the pipelines themselves.  Consideration should be given as to the adequacy of current prevention measures in addressing vessel related marine pipeline spills.

Offshore Facilities

· The track record for oil spill prevention from offshore platform spills is excellent. Volume inputs from this source are small and have steadily declined over the past three decades. Any major change in the threat of oil pollution from offshore exploration and production activities will be related to the introduction of FPSOs and other deepwater vessel-related activities. MMS studies indicate that the risk of spills from these new sources will be small. However, consideration should be given to the national capability to respond to the worst case discharge in deep water, far from shore.

Onshore Facility Spills

· The magnitude of oil input from onshore facilities should be clarified by the 2002 NAS study. Although the overall input of oil to U.S. waters remains significant, the occurrence of large major spills from this source category is infrequent compared to marine transportation sources. Facility prevention measures for marine transportation-related facilities by the Coast Guard under OPA 90 (e.g. Facility Response Plans), for inland facilities under the EPA’s SPCC program, and for pipeline to these facilities under the DOT,  Office of Pipeline Safety spill prevention initiatives should further reduce the threat from this source. However, consideration should be given to integration of the various oil and hazardous substances contingency plans required by the various agencies (USCG, EPA and DOT OPS) to make facility preparedness less complicated  for these facilities.

Non-Point Sources

· This is the source category where there is little knowledge of the magnitude of oil input to U.S. waterways. The 2002 NAS study should provide additional insight into the magnitude and causes of this input. Management options for controlling non-point source inputs are more difficult to formulate and are more effectively addressed by management practices and changes in behavior. A decision should be made as to whether this source category can be effectively dealt with in the context of the OSPPR risk assessment, or whether another forum and strategy is warranted.

Cross-Cutting Programmatic Issues

In addition to issues related to a specific source category, there are several issues that apply to all source categories and the Coast Guard, Federal agency and overall national capability to prevent and respond to oil pollution. These include the following.

· Significant progress has been made at the national level in reducing marine transportation related spills of smaller size (minor and medium spills) and responding to major spills of reasonable size (perhaps 100,000 to 1,000,000 gallons) that do occur. However, there is some continuing uncertainty over the national capability to respond to a large, worst-case spill (spill of national significance). As demonstrated in the past, it is difficult to maintain a trained cadre of personnel, a substantial pool of best-technology equipment resources, and the interest and support of the Congress and public in maintaining a high level of preparedness if significant spills are not occurring. In this sense, the OSPPR program may become the victim of its own success. A strategy should be formulated to address this issue in the next decade, particularly if the absence of large, highly visible spills in this country persists.

· There is clearly a certain degree of coordination required in maintaining a national OSPPR capability.  Federal agencies share the responsibility for spill prevention, preparedness and response in a number of source categories. For instance, for activities at coastal facilities, EPA, USCG and DOT OPS may all have a role in preventing and responding to spills. For offshore platforms and pipelines, MMS has the prevention responsibility but the Coast Guard will clearly take the lead in directing response operations in the event of a large spill. FPSO construction and operation will also require involvement of both agencies with regard to OSPPR responsibilities. FPSO issues such as traffic control for lightering vessels and operating standards (e.g. training, crew fatigue and inspection requirements) will have to be addressed. Some consideration needs to be given to the how the Federal  agencies will interact to formulate and implement an effective OSPPR strategy in the next decade within the context of existing coordinating mechanisms (e.g. National Response Team, Interagency R&D Committee, Area Committees).

· Questions have been raised over the past decade with regard to the Federal versus industry role in initiating and managing spill response. Under OPA 90, the Responsible Party plays a lead role in initiating and managing spill response efforts. Although this appears to be a viable approach for spills of reasonable size, there is some uncertainty as to its effectiveness in managing the response to very large spills, particularly if the RP belongs to a small company. In Europe and elsewhere, the response to such spills is immediately handled by the national government. Consideration should be given to the appropriateness and effectiveness of adopting a similar policy in the U.S.

· Much of the discussion in Sections 2.0 and 4.0 deals with preventing and responding to spills that are accidental and that have occurred in the past such that the magnitude, causes, and means of preventing them and responding to them are well-understood. However, there are other spills that albeit infrequent can have substantial impacts. Two types of spills that are somewhat less familiar in the U.S. are those caused by natural disasters and environmental terrorism. Spills related to these causes have occurred elsewhere in the world and represent a significant threat. Consideration should be given to the adequacy of national capabilities to deal with such spills.

· Over the course of the study, a key shortcoming in determining the magnitude of oil pollution risks, severity of impacts, and effectiveness of mitigation measures has been the lack of an organized, coordinated information collection effort across Federal agency lines to determine the adequacy of the OSPPR program. This includes the need for a comprehensive and compatible database of oil pollution statistics that is universally accessible by government and the private sector. In addition, a standardized procedure and format for documenting spill case histories would facilitate the ability of Federal agencies to judge the impact of prevention, preparedness and response programs and technologies, and capture expertise that may otherwise be lost as trained professionals retire from service. Consideration should be given to establishing and maintaining a national clearinghouse capability for capturing and preserving this knowledge.

5.3    Recommendations for Implementation of the Phase II

· With respect to data on oil pollution input data by source category, the anticipated NAS study should contain a significant amount of this information. The Coast Guard should wait for the results of this study to become available before seeking additional data from individual sources. 

· With regard to the characterization of environmental impacts, some of these data may also be provided by the anticipated NAS report. It would also be useful to consolidate and enhance the two historical spill data sets used in determining environmental costs in Phase I. The objective would be to compile a data set that adequately covers impacts of most interest to the Coast Guard, and which provides an adequate sampling of the more recent (1990s) medium and major spills. 

· The information on mitigation measure effectiveness is clearly the most subjective and qualitative of the information compiled and assessed. However, it may be sufficient to continue with a risk assessment addressing those source categories of most interest to the Coast Guard. This information could be supplemented with additional information from program offices at CGHQ and practitioners in the field. Other information that would be acquired from other agencies could be sought from them in the process of integrating them into the risk assessment. It may also be possible to acquire additional information on mitigation measure effectiveness in the context of the next International Oil Spill Conference, possibly as a follow-up to the OPA 90 Effectiveness Panel at the 2001 IOSC. These options should be investigated.

· It is probably premature to proceed with an implementation of the OSPPR risk assessment concept (Phase II) which includes other agency and industry participants until the anticipated NAS study is completed. However, it may be useful to proceed with an in-house Coast Guard version using the ERA paradigm and focusing on marine transportation source categories. Participants would include subject matter experts from CGHQ, NSFCC and the Field during the focus group sessions, and include senior level staff members for the follow-on session in which the risk assessment matrix is finalized and presented. Risk assessment subject matter experts from G-MSE and the R&D Center could contribute to the process, which may serve as a model for other Coast Guard strategic planning initiatives. This should be considered as a low-cost, interim 
step to the more ambitious Interagency  version. It will allow the Coast Guard stakeholders to become familiar with the process. In addition, the results could be used to market the concept to other agencies, which could be asked to provide representatives as advisors and observers.

Appendix  A-1 FORMULATING A METHODOLOGY FOR THE OSPPR RISK ASSESSMENT

Requirements for the OSPPR Risk Assessment Methodology

Figures 1.1 and 1.2 in Section 1.0 present the overall strategy and approach that is being followed in the OSPPR Broad Based Risk Assessment. In a sense these illustrate the concept and provide the overall framework for the Risk Assessment. However, they do not describe the methodology (mechanics) of the assessment, that is, the process and parameters that will be used to analyze and evaluate the magnitude of the threats and impacts, and adequacy of the mitigation measures for oil pollution in U.S. waterways. The purpose of this section is to identify and evaluate methodologies that may be suitable for this purpose. The objective is not to prescribe a detailed methodology since this should be achieved in consultation with risk assessment participants and stakeholders. Rather the objective is to set forth a general methodology and describe the important steps and concepts that should be considered. As the OSPPR Risk Assessment proceeds to Phase II, the methodology can be tailored and refined to meet the expectations of the participants and stakeholders.

Certain scenario-specific risk assessment processes often require large amounts of quantitative data and complex analysis methodologies to produce the desired level of specificity and accuracy in the results (e.g., a failure analysis for a nuclear power plant). Other risk assessments, particularly those involved in strategic risk-based business planning, rely more on qualitative data and a analysis of overall trends, coupled with the best estimates and intuition of the managers involved in the decision-making process. Qualitative methods, as well as coarse and detailed quantitative methods, can characterize risk. Qualitative methods may suffice when focusing on the big picture and identifying general operations where higher risk exists. In this type of risk assessment process, the overall knowledge and insight gained in going through the process, and the stakeholder communication it promotes, are often more significant than any individual conclusion or recommendation generated. The OSPPR Program’s broad-based risk assessment is clearly more of the latter

The challenge in crafting a methodology to perform the OSPPR Risk Assessment is to account for this wide variation in data and information while preserving some sense of order and conclusiveness in the process. In many cases the individuals performing the analysis will have to rely on experience, intuition and best judgement. This suggests that a more strategic and qualitative methodology be used that is flexible enough to accommodate the wide range of input data while still allowing clear identification of problem areas and performance gaps in the OSPPR program.

Methodologies Identified and Evaluated

The task at hand is to identify a generalized methodology that implements the strategy and overall approach embodied in the Risk Assessment Flow Diagram (Figure 1.2) and Risk Assessment Matrix (Table 1.1 proposed in Section 1.0). To this end, a number of methodologies were investigated. These included a number of business strategic planning methodologies, as well as strategic planning and risk assessment methodologies previously identified by the Coast Guard as being useful for evaluating Coast Guard programs and issues

The business strategic planning methodologies investigated are described in a work by Robert Dyson entitled Strategic Planning: Modeling and Analytical Techniques (Dyson, 1990). This work describes a number of methodologies used by private sector companies to identify market opportunities, predict growth and analyze business options. The strategic planning process is a management process involving consultation, negotiation, and analysis, aimed at ensuring effective strategic decision-making.  A key part of the strategic planning process is to ensure the generation and formulation of strategic options, and because a strategic option when implemented will have enduring effects and be difficult to reverse, the planning process must be concerned with evaluation options before action is taken and be concerned with the future impact of the proposed decisions.  Dyson sets forth a conceptual model for the strategic planning process as shown below in Figure A - 1.

Figure A - 1  Conceptual Model for the Strategic Planning Process (from Dyson, 1993)
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A description of the important steps in the model follows:

1) Setting and reviewing objectives- Future objectives are required which lead to performance targets.

2) Gap analysis and selection- involves comparing future possible states of the organization with the objectives and deciding whether existing strategies are acceptable or whether new strategies should be implemented.

3) Strategic options- Need a constant flow of strategic options so that the organization can adapt and change and a variety of techniques are available to in this process.

4) Feasibility- The feasibility of any proposed option must be thoroughly checked.

5) Resources- New strategies typically involve resources such as finance, manpower, raw materials.

6) Assessment of uncertainty- Associated with uncontrolled inputs to the organization is part of the strategic planning process.  Consumer response, competitive reaction, etc. can have a major effect on the future state of the organization

Several of the methodologies described in the work by Dyson (1993) have attributes that are relevant to the OSPPR risk assessment. The TOWS Analysis (Threats, Opportunities, Strengths and Weaknesses Analysis) provides a qualitative but organized framework by which businesses investigate their enterprise profile (organizational goals and resources) against the external environment (threats and opportunities) and internal environment (weaknesses and strengths) to define and evaluate strategic business alternatives. The analysis takes into account past, present and future (projected) states.  Another somewhat qualitative approach described is the Industry Attractiveness – Business Strength Matrix, which is used to assess the attractiveness of various markets against a company’s competitiveness in these markets to develop business strategies. A third approach reviewed was the so-called Shirt-sleeve Approach to Long Range Planning, which involves a stepwise analysis of multiple scenarios and the development of a strategy for each such that an optimum response strategy is identified. A fourth approach investigated, the Analytical Hierarchy Process, involves the pair-wise comparison of various problems, scenarios and options to rank them in order of importance and feasibility. This process, which relies heavily on the experience and insight of stakeholders, has been used by the Coast Guard in conducting the Port and Waterways Safety Assessments (PAWSA) in various ports around the country.

None of these strategic planning methodologies appear to be directly applicable to the OSPPR Broad Based Risk Assessment. This is probably due to their application to private sector business issues and problems, which are more focused and specific than the broader range of factors being investigated in the OSPPR risk assessment. However, it is notable that private industry conducts these “risks and opportunities assessments” using somewhat subjective and qualitative information relying heavily on the intuition and experience of their managers to formulate and evaluate strategic options, and do not depend heavily on very precise, quantitative data in formulating business options.

It is also noteworthy that they organize the evaluation process using simple matrices, flow diagrams and other simple cognitive tools. 

Another family of risk assessment tools are those that are used to analyze the inherent hazards, consequences and intervention options associated with specific operations and risk scenarios. These are used extensively throughout government and private industry in a wide range of applications.  There are many different types of these risk assessment methodologies.  Some are quantitative scenario or probability-based models such as the Monte Carlo Analysis, Willingness to Pay Analysis, and Decision Tree Analysis); others are far more qualitative, (i.e. Relative Risk/ Rank Indexing.)  Twenty-three accepted methods, representing a full spectrum of techniques, were selected from the literature and investigated to determine their feasibility for OSPPR. Many are described in the Coast Guard’s Risk-Based Decision Making (RBDM) Guidelines developed by the Coast Guard R&D Center (CG R&D Center 2001). These Guidelines fully describe the overall purpose and strategy behind RBDM and provide detailed descriptions of specific methods that can be used to evaluate and develop options for allocating CG resources and responding to various port and waterways problems. 

Two other methodologies considered have already been utilized by the Coast Guard on other applications: The Analytical Hierarchy Process used in the Port and Waterways Safety Assessments conducted at ports around the country, and the Environmental Risk Assessment which has been used to evaluate oil spill response strategies for Puget Sound, Galveston Bay, and San Francisco. Table A-1 provides an overview of the general application, type (qualitative or quantitative), advantages and constraints of these various methods. 

The preliminary screening of various methodologies revealed that most are not directly applicable to the OSPPR Risk Assessment. Many of the methodologies are more narrowly focused on specific hazard assessment scenarios at the operational level. The quantitative methods generally require more specific quantitative input data than is available for the OSPPR Risk Assessment. Some of the more general qualitative methods, such as the Change Analysis and Analytical Hierarchy Process are potentially applicable in concept, but would probably become too cumbersome in application due to the scope of the OSPPR analysis (that is, the wide range of source categories, impacts, and mitigation measures that must be considered. 

Table A-1  Summary of Risk Assessment Methodologies Applicable to Coast Guard Risk-Based Decision Making

	Method
	General Application
	Type
	Advantages
	Constraints

	Willingness to Pay
	Determines how much the public is willing to pay to reduce risk.  Often used in Health risk analyses.
	Quantitative
	Risk is reflected monetarily and therefore can be used in economic analyses.
	Difficult to get consensus as to proper WTP value.  Often does not take into account all intangibles.

	Decision Trees
	Decision is a result of complex series of sequential decisions.
	Quantitative if probabilities are known, qualitative if they are subjective.
	Provides schematic for the system.  Clearly lays out the problem so that all choices can be viewed, discussed and challenged.  Provides a framework to quantify of the values of outcomes and the probabilities of achieving them Helps us to make the best decisions on the basis of our existing information and best guesses. 


	Need to have all possible outcomes delineated.  Risk estimates easily biased, difficult to estimate accurately.  Model lacks flexibility.  Decision points are continuous do not always occur at discrete junctions.

	Heuristics
	Use of ‘rules of thumb” that have proven useful in the past.
	Qualitative
	Quick and easy
	Not always valid, and can lead to large and persistent bias.  Very subjective.

	Incremental Strategy
	Used primarily in inventory analysis.  Evaluates one unit at a time.
	Quantitative
	Allows a planner to develop options for the short-term.
	Specific to certain types of scenarios.

	Expected Utility Theory
	Assumes that people will make decisions on maximizing their expected utility rather than the expected value.
	Quantitative
	It often describes choices people actually make better than does expected value maximization.
	Requires the specification of a utility function.

	Survey
	Questionnaires, opinion surveys, and focus groups
	Qualitative
	Can reduce the uncertainty surrounding a decision.
	Bias, not scientific, very high-level.


	Method
	General Application
	Type
	Advantages
	Constraints

	Multi-objective, multi-attribute utility theory
	Good for water resources planning since multiple objectives need to be addressed.

Specifies the alternatives’ contributions to planning objectives in an ordinal or preferably cardinal measure that can be weighted and/or summed.
	Qualitative
	Addresses the impact on multiple objectives on a single decision.  Uses utility as the common denominator that is used to quantify contributions of multiple objectives.
	Use of software package such as MATS or Electre.  Difficult to specify the utility function.  Distortion of complex realities in order to simplify the problem.

	Goal Programming
	An extension of linear programming that can be applied to problems having a single objective and multiple sub-objectives as well as to problems with multiple conflicting objectives and sub-objectives.
	Qualitative
	Requires a weighting system for the objectives so that the less important objectives are not pursued until the more important ones have been achieved to a satisfactory level.  The weighting scheme converts all objective attainment into universal criteria such as a number of points or utilities. 
	Has same basic limitations, assumptions, requirements and solution methods as linear programming.  All objectives are subject to the constraints of the problem

	Preliminary Risk Assessment
	Streamlined accident-centered risk assessment approach.  Performed using a team of subject matter experts.
	Quantitative or qualitative
	Systematic approach.  Generates qualitative descriptions of potential problems, quantitative estimates of risk, lists of recommendations for reducing risk, quantitative evaluations of recommendation effectiveness.
	High-level analysis.  Focuses on potential accidents of an activity; there, the failures leading to accidents are not explored in much detail.  Provides general recommendations rather than focused on specific issues.

	Monte Carlo Analysis
	Use of probabilistic analysis to determine risk.  


	Quantitative
	Greater number of scenarios can be analyzed.  Probabilities of scenarios can be analyzed.
	Needs risk software to run iterations necessary.  Probability distributions for individual variables may be difficult to calculate.  Variable correlation needs to be calculated.

	Method
	General Application
	Type
	Advantage
	Constraints

	Checklist Analysis
	Systematic evaluation against criteria in the form of one or more checklists.  Used for high-level analysis.  Commonly used as a supplement to or integral part of another method, e.g. especially what-if analysis
	Qualitative
	Applicable to any activity or system, generates qualitative lists of conformance and non-conformance, with recommendations for correcting non-conformances
	Likely to miss potential problems, traditionally only provides qualitative information, quality of evaluation is determined primarily by the experience of the people completing the checklists and the training of the checklist users.

	Pareto Analysis
	80% of effects are caused by 20% of the causes.  Used to: rank activity or system accidents, rank causes that contribute to accidents, evaluate the risk improvement with “before” and “after” data
	Broad, quantitative results that are graphically depicted on simple bar charts
	Yields broad, quantitative results, applicable to any activity or operating system
	Focuses only on the past, variability in levels of risk assessment resolution, dependent on availability and applicability of data

	Relative Risk/ Rank Indexing
	Used most commonly to establish priorities or compare various options.
	Qualitative
	Applicable to almost any vessel or facility.  Generates index numbers that provide ordered lists of priorities.  Generates list of attributes that are the dominant contributors to problems.
	Results can be difficult to tie to absolute risks.  An appropriate ranking tool may not exist.  Does not account for unique situations.

	Change Analysis
	Systematically looks at possible risk impacts and appropriate risk management strategies in situations where change is occurring.
	Qualitative
	Conceptually simple tool that can be implemented in a reasonable amount of time.  Is used effectively for proactive hazard and risk assessment in changing situations or environments as well as during accident investigations.
	Highly dependent on points of comparison, does not inherently quantify risks, strongly dependent on the expertise of those participating in the analysis.


	Method
	General Application
	Type
	Advantages
	Constraints

	What-if Analysis 
	Brainstorming approach uses broad, loosely structured questioning to postulate potential upsets that may result in accidents or system performance problems and ensure that appropriate safeguards against those problems are in place.
	Qualitative
	Applicable to any activity or system.   Generates qualitative descriptions of potential problems, as well as lists of recommendations for preventing problems.  
	Likely to miss potential problems, difficult to audit for thoroughness, traditionally provides only qualitative information.  Quality of the evaluation depends on the quality of the documentation, training of the review team leader, and the experience of the review teams.

	Failure Modes and Effects Analysis (FMEA)
	Used as a system-level and component-level risk assessment technique.  Best suited for reviews of mechanical and electrical hardware systems.  Technique that generates qualitative descriptions of potential performance problems (failure modes, causes, effects, and safeguards) as well as lists of recommendations for reducing risks.
	Qualitative
	A systematic, highly structured assessment relying on evaluation of component failure modes and team experience to generate a comprehensive review and ensure that appropriate safeguards against system performance problems are in place.  Applicable to any well defined system.  Effective for collecting the information needed to troubleshoot system problems.
	Examination of human error is limited.  Focus is on single-event initiators of problems.  Examination of external influences is limited.  Results are dependent on the mode of operation.

	HAZOP Analysis
	Systematic process to identify possible deviations from normal operations and  ensure that appropriate safeguards are in place to help prevent accidents.  Used primarily for identifying safety hazards and operability problems of continuous process systems, especially fluid and thermal systems.
	Qualitative, however some basic quantification is possible.
	Applicable to any system or procedure, uses special adjectives combined with process conditions to systematically consider all credible deviations from normal conditions.
	Requires a well-defined system or activity.  Time consuming.  Focuses on one-event causes of deviations.

	Method
	General Application
	Type
	Advantages
	Constraints

	Fault Tree Analysis
	Generally applicable for almost every type of risk assessment application, but used most effectively to address the fundamental causes of specific accidents dominated by relatively complex combinations of events.
	Qualitative or quantitative
	Includes human errors and common cause failures.  Used most often as a system-level risk assessment technique.
	Narrow focus.  Art as well as science. Quantification requires significant expertise.

	Event Tree Analysis
	Generally applicable for almost every type of risk assessment application, but used most effectively to model accidents where multiple safeguards are in place as protective features.
	Qualitative or quantitative
	Accounts for timing, dependence, and domino effects among various accident contributors that are cumbersome to model in fault trees.  Models the range of possible accidents resulting from an initiating event or category of initiating events.
	Limited to one initiating event.  Can overlook subtle system dependencies.

	Event/Causal Factor Charting
	Used for accident investigations to sequence causal factors
	Qualitative
	Provides a written or graphical description for the time sequence of contributing events associated with an accident.
	Will not necessarily yield root causes.  Overkill for simple problems

	Preliminary Hazard Analysis
	Broad, initial study used in the early stages of system design.  Generates qualitative descriptions of the hazards related to a process.  
	Qualitative
	Applicable to any activity or system.  Focuses on identifying weaknesses early in the life of a system.
	Generally requires additional follow-up analysis.  Quality of the results is highly dependent on the knowledge of the team.


	Method
	General Application
	Type
	Advantages
	Constraints

	Ecological Risk Assessment
	Process to evaluate the possible ecological consequences of human activities and natural catastrophes.  Breaks the risk assessment up to three distinct phases:  Problem Formulation, Data Analysis, and Risk Characterization
	Quantitative
	Process is flexible.  Can work effectively in a workshop format to incorporate stakeholder input.  Includes an estimation of the probability that an undesirable consequence will occur.
	Risk scores are highly dependent upon the efficiencies that were assigned to 

	Analytic Hierarchy Process
	General technique for structuring intricate or ill-defined problems.  It uses a hierarchical model comprised of a goal, criteria/sub-criteria, and alternatives for each problem or decision.  The object of AHP is to derive weights or priorities for the alternatives being considered.
	Qualitative
	Allows for inconsistency in the judgments.  Includes a mechanism for improving consistency.  Does not require a unified scale since it derives scales for each factor that are ratio scales.
	Assumption that all criteria are independent.  For a large analysis the technique can be inaccurate and tedious.  Need specialized software to handle complicated analyses.


The methodologies that appear to be most promising are the simpler, matrix-based approaches that rely on qualitative input data and the experience of the participants to screen and prioritize the risk assessment components. Four methodologies that fit this profile include:

· Relative Ranking/Risk Indexing 

· Preliminary Risk Analysis 

· Preliminary Hazard Analysis

· Environmental Risk Assessment

The first three methodologies are described in detail in the Coast Guard RBDM Guidelines. The Environmental Risk Assessment Process is described and illustrated in the ERA Reports for Galveston Bay and San Francisco (Pond, et. al., 2000 a & b; Aurand et. al. 2001). The general characteristics and potential for application to the OSPPR Risk Assessment task are described below.

Relative Ranking/Risk Indexing 

The relative ranking/risk indexing technique assesses the attributes of a vessel, shore facility, or operation to calculate index numbers. These index numbers are useful for making relative comparisons of various alternatives and can, in some cases, be correlated to actual performance estimates. As applied to conducting risk assessments at the port level, this method scores vessels, facilities, or operations in a number of categories, called factors, to generate the risk index values. Of course, the factors and scoring process are very different for various applications. 

The basic characteristics of the technique are as follows:

• A systematic process built on the experience of the ranking system developers 

• Generally performed by a small group who are not necessarily risk experts but who have been trained to understand the ranking system. Sometimes performed by an individual. 

• Based mostly on interviews, documentation reviews, and field inspections 

• Used most often as a top-level risk assessment technique 

• Applicable to a wide range of applications 

• A technique that generates: 

- index numbers that provide ordered lists of priorities 

- lists of attributes that are the dominant contributors to problems 

• A technique in which the quality of evaluation is determined primarily by the relevance and quality of the ranking tool that is used and the training of the users 

The most common applications of the system in port level risk assessments are:

• Used primarily to establish priorities for boarding and inspecting foreign flagged vessels 

• Can be used to compare various options for vessel or shore-side facility modifications

An example of the results of the Relative Ranking/Risk Indexing Process as applied to foreign vessel inspection boardings is provided in Figures A-2 and A-3.

The relative ranking/risk indexing technique can provide a high-level assessment of the risks associated with a range of activities; however, there are a number of limitations that should be considered before selecting this method. First, the results can be difficult to tie to absolute risks. The relative ranking/risk indexing technique uses various indexing tools to derive risk scores for particular activities; however, these scores are used only for relative comparisons of one activity to another. The scores do not provide information about the absolute risk associated with activities. 

Secondly, an appropriate ranking tool may not exist. Each relative ranking/risk indexing tool provides a structured methodology for (1) collecting risk-related data, (2) performing specific, often arithmetic, calculations on it, and (3) assessing the resulting index scores derived from the calculations. The tools are typically well documented to allow personnel who are not experts in risk assessment to use them effectively. However, the tools are typically focused on a particular type of risk to be evaluated; if an applicable tool does not exist, resources must be invested to develop one. For simple applications on one unit, custom development of a tool may be relatively inexpensive, possibly a day or two of development time. For broader, standardized applications, such as for use across the Coast Guard, considerably more development and validation time may be needed.

Thirdly, the technique does not account for unique situations. Relative ranking/risk indexing tools are specifically designed to focus on a particular type of risk. They are typically well-documented and very structured to allow personnel who are not expert in risk assessment to effectively use the tools. However, the rigid structure and necessity to comply with the structure of a tool makes it difficult to account for situations outside the scope of the particular tool. This may make it necessary to develop a new tool. 

Figure A-2 Foreign Vessel Targeting Matrix for Application of Risk Ranking/Risk Index as Applied to Prioritizing Foreign Vessel Inspections

	Owner 

Column I
	Flag 

Column II
	Class 

Society 

Column III
	Boarding 

History

Column IV
	VSL Type Column V

	A. Ship owned or operated by a targeted owner


	
	5pt
	A. Ship flagged by a targeted flag state
	
	7

pt
	A. Not listed as a recognized class or class unknown
	
	5pt
	A. Subject to intervention leading to detention within the past 12 months 

and/or
	2
	5pt each case
	A. Oil or chemical tanker or
	
	1 pt

	
	
	
	
	
	
	B. Top 25% recognized
	
	0pt
	B. Subject to other operational control within 12 months and/or
	
	1 pt each inci-dent
	B. Gas carrier or
	
	1 pt

	
	
	
	
	
	
	C. Middle 50% recognized
	
	1pt
	C. Involved in marine casualty or oil/hazardous materials incident within 12 months and/or
	
	1 pt each case
	C. Bulk freighter (10 or more years old) or
	
	2 pt

	
	
	
	
	
	
	D. Bottom 50% recognized
	
	3pt
	D. Subject of violation report within 12 months and/or
	
	1 pt each marine vio-lation case
	D. Passenger ship or
	
	1 pt

	
	
	
	
	
	
	E. Outside of Box Plot recognized
	
	5pt
	E. Not boarded within 6 months
	
	1 pt each case
	E. Ships carrying low value commod-ities in bulk
	
	2 pt

	Total of Column I = 5
	
	Total of Column II =0
	
	Total of Column III = 0
	
	Total of Column IV =10
	
	Total of Column V = 2
	

	Max 5 points
	
	Max 7 points
	Max 7 points
	
	Unlimited points
	Max 4 points
	

	
	Total points from Columns I through V
	17


Figure A – 3 Example Results of Relative Ranking/Risk Indexes as Applied to Prioritizing Foreign Vessel Inspections

	Vessel
	Factor Score
	Vessel Boarding Score

	
	Owner
	Flag
	Class Society
	Boarding History
	Vessel Type
	

	1
	5
	0
	0
	10
	2
	17

	2
	0
	7
	0
	1
	0
	8

	3
	0
	0
	5
	0
	0
	5


A complete and more detailed description of the technique is provided in the Coast Guard RBDM Guidelines Handbook (CG R&D Center, 2001) and at the Coast Guard’s RBDM Web Site at http://www.uscg.mil/hq/g-m/risk/e-guidelines/html/index.htm.

The flexibility of this approach, its top-level nature, and dependence on the experience of the risk assessment participants make it a strong candidate for application in the OSPPR Risk Assessment. Potential drawbacks are the subjective nature which does not allow quantification of absolute risks in a directly comparable fashion, and the likely need for additional development and validation effort to tailor it to the OSPPR application. 

Preliminary Risk Analysis 

Preliminary risk analysis is a streamlined accident-centered risk assessment approach. The primary objective of the technique is to characterize the risk associated with significant accident scenarios. This team-based approach relies on systematic examination of the issues by subject matter experts and stakeholders. The team postulates combinations of accidents, most significant contributors to accidents, and safeguards. The analysis also characterizes the risk of the accidents and identifies recommendations for reducing risk. The graphic below in Figure A-4 shows a portion of a worksheet from a Preliminary Risk Analysis designed to assess risks associated with loading and unloading of containers.
	Preliminary Risk Analysis

	Activity: Cargo loading/unloading: container

	No.
	Accident
	Most significant contributors
	Frequency
	RIN
	Certainty
	Safeguards
	Recommendations

	
	
	
	1
	2
	3
	
	
	
	

	1.1
	Acute hazard exposure: workers
	Dropped Objects from cranes

Physical injuries during handling operations

Slips, trips, or falls during handling operations
	3
	4
	3
	1.815
	Medium
	Personnel qualifications: dock workers

Promulgation and enforcement of industry standards: personal protective equipment and safe work practices
	Consider establishing crew fatigue guidelines


Figure A-4 Example Worksheet for a Preliminary Risk Analysis  to Assess Risks Associated with Loading and Unloading of Containers.

The basic characteristics of the technique are as follows:

• Systematic approach based on the HAZOP analysis technique developed for the Coast Guard occupational safety and health program 

• Analyzes accidents that may occur during normal operations 

• Performed using a team of subject matter experts 

• An analysis technique that generates 

- qualitative descriptions of potential problems 

- quantitative estimates of risk 

- lists of recommendations for reducing risk 

- quantitative evaluations of recommendation effectiveness 

The most common application of the system in port level risk assessments is generating risk profiles across a broad range of activities, such as in a port-wide assessment. 

Although preliminary risk analysis is effective and efficient for identifying high-risk accidents, this tool has two primary limitations. The preliminary risk analysis is a high-level analysis.  It focuses on potential accidents of an activity; therefore, the failures leading to accidents are not explored in much detail. The high-level, general nature of the analysis introduces a level of uncertainty in the results. It is also limited to producing general recommendations for reducing risk. Due to the high-level nature of the analysis, these recommendations are typically general in nature instead of focused on attacking specific issues. 

The attractive attributes of the Preliminary Risk Analysis with respect to application to the OSPPR Risk Assessment are its team-based approach and high-level focus. The primary drawback is that it is currently tailored to accident analysis and may require significant modification to deal with the broader issues of the OSPPR Risk Assessment.

A complete and more detailed description of the technique is provided in the Coast Guard RBDM Guidelines Handbook (USCG R&D Center, 2001) and at the Coast Guard’s RBDM Web Site at http://www.uscg.mil/hq/g-m/risk/e-guidelines/html/index.htm.

Preliminary Hazard Analysis

The preliminary hazard analysis (PrHA) technique is a broad, initial study used in the early stages of system design. It focuses on (1) identifying apparent hazards, (2) assessing the severity of potential accidents that could occur involving the hazards, and (3) identifying safeguards for reducing the risks associated with the hazards. This technique focuses on identifying weaknesses early in the life of a system, thus saving time and money that might be required for major redesign if the hazards were discovered at a later date. 
The basic characteristics of the technique are as follows:

• Relies on brainstorming and expert judgment to assess the significance of hazards and assign a ranking to each situation. This helps in prioritizing recommendations for reducing risks. 

• Typically performed by one or two people who are knowledgeable about the type of activity in question. They participate in review meetings of documentation and field inspections, if applicable. 

• Applicable to any activity or system 

• Used as a high-level analysis early in the life of a process 

• Generates qualitative descriptions of the hazards related to a process. Provides a qualitative ranking of the hazardous situations; this ranking can be used to prioritize recommendations for reducing or eliminating hazards in subsequent phases of the life cycle. 

• Quality of the evaluation depends on the quality and availability of documentation, the training of the review team leader with respect to the various analysis techniques employed, and the experience of the review teams. 

The technique is generally applicable for almost any type of risk assessment application, but focuses predominantly on identifying and classifying hazards rather than evaluating them in detail. This type of technique is most often conducted early in the development of an activity or system, when there is little detailed information or there are few operating procedures. It is often a precursor to further risk assessment.

Because the preliminary hazard analysis technique is typically conducted early in the process, before other analysis techniques are practical, this methodology has two primary limitations. First, it generally requires additional follow-up analyses. Because the PrHA is conducted early in the process and uses preliminary design information, additional analyses are generally required to more fully understand and evaluate hazards and potential accidents identified by the PrHA team. Secondly, the quality of the results is highly dependent on the knowledge of the team. At the time of a PrHA, there are few or no fully developed system specifications and little or no detailed design information. Therefore, the risk assessment relies heavily on the knowledge of subject matter experts. If these experts do not participate in the risk assessment, or if the system is a new technology having little or no early operational history, the results of the PrHA will reflect the uncertainty of the team in many of its assessments and assumptions. 

With respect to the OSPPR Risk Assessment, the PrHA technique is attractive because of its broad range of application to systems and activities, and ability to rank various risks without the need for extensive input information. Again the limitation is its current focus on accident analysis, and the frequent need for detailed follow-up analysis. However, it might be adapted and used as a tool or screening technique, within the framework of a more comprehensive OSPPR Risk Assessment methodology.

A complete and more detailed description of the technique is provided in the Coast Guard RBDM Guidelines Handbook (CG R&D Center, 2001) and at the Coast Guard’s RBDM Web Site at http://www.uscg.mil/hq/g-m/risk/e-guidelines/html/index.htm.

Environmental Risk Assessment 
The Environmental Risk Assess (ERA) Process was originally developed by the U.S. EPA to evaluate the possible ecological consequences of human activities and natural disasters. ERA evaluates and compares the exposure to stressors (e.g., an oil spill or oil spill response option) to their ecological effects (e.g., population disruption, changes in ecological community structure or function, organism toxicity). The evaluation is done in a quantitative way as often as possible, and includes an estimation of the probability that an undesirable consequence will occur. The risk evaluation can be used whenever a regulator must approve or disapprove an action with an environmental consequence. The process is described in the EPA’s Proposed and Final Guidelines (USEPA, 1996, 1998).

The previous Coast Guard application of the ERA process involved the evaluation of the effectiveness and impacts of oil spill countermeasures in specific port areas. The process involved three phases: problem formulation, data analysis, and risk characterization. The risk assessment was performed by the participants in a series of workshops. Facilitation and coordination support was provided by a team of consultants familiar with the process and oil spill response issues. Participants included representatives from government agencies, industry, and community interest groups with a stake in environmental protection and oil spill response. The process and results are described in great detail in the ERA Reports for each of the workshops (Pond et. al. 2000 a and b).

The technique has many of the attributes of the three methods described previously, and particularly the relative ranking/risk indexing approach. It makes extensive use of risk ranking matrices which provide a relative ranking of environmental impact based on the severity of the impact (percent of the resource impacted) and the duration of the impact (time for resource recovery. A typical ecological impact “risk square” used in the ERA process is shown below in Figure A-5.

In the port oil spill response ERA, a rating scores in each cell represent an overall “level of concern” associated with the ecological impact. Obviously the higher levels of concern are associated with scores in the upper left hand portion of the matrix while lower levels of concern are associated with scores in the lower right. In the course of the ERA the cells and associated scores were also color coded as “High,” “Moderate,” and ”Limited” levels of concern to provide for clarity in the final interpretation of the results.

The scoring was then used to determine the relative level of concern associated with a particular oil spill countermeasure being used in a particular habitat type for a certain representative oil spill scenario. The scoring was assigned by stakeholders operating in small groups and then coming together as a single group to reach a consensus and assign a final score. The overall result of the process is depicted in Figure A-6 below.

Figure A-5 Typical Risk Square Used in the Oil Spill Response ERA Process
	
	Duration of Impact

	Severity

of

Impact

% of total

resources

affected
	
	> 7 Years

(1)
	3 to 7 Years

(2)
	1 to 3 Years

(3)
	< 1 Year

(4)

	
	A. High

(> 60%)
	A1
	A2
	A3
	A4

	
	B. Mod/High

(40-60%)
	B1
	B2
	B3
	B4

	
	C. Moderate

(20-40%)
	C1
	C2
	C3
	C4

	
	D. Mod/Low

(5-20%)
	D1
	D2
	D3
	D4

	
	E. Low

(< 5%)
	E1
	E2
	E3
	E4


Overall the ERA process proved very useful and successful in allowing oil spill response managers and stakeholders at the port level to reach consensus on the “level of concern” associated with employing the various countermeasures in various habitats within the port. The results were generally accepted by the participants as being useful and realistic, and their participation in the ERA process was judged beneficial to enhancing coordination and cooperation during an actual response.

Figure A-6 Typical Risk Assessment Matrix Produced during the ERA Process

	Zones:
	Terrestrial
	Water Surface
	Intertidal

	Habitats:
	Upland and Supratidal
	
	Marsh
	Mud Flats
	Sandy

Beach
	Rocky/Riprap/Sea Walls


	Pier Pilings

	Subhabitants:
	
	
	
	
	
	
	

	Natural Recovery
	D2
	D3
	C3
	A1
	A2
	A1
	A3
	B3
	C2
	A3
	B3
	C2
	A1
	A2
	A2
	A3
	B3
	C2
	D2
	D3
	C3

	Mechanical Recovery
	E4
	E3
	E2
	B1
	B2
	A1
	C1
	C2
	B2
	C1
	C2
	B2
	B1
	B2
	B3
	C1
	C2
	B2
	E4
	E3
	E2

	Shoreline Cleanup
	​D2
	D4
	E3
	B1
	A1
	A2
	B3
	B3
	C2
	B3
	B3
	C2
	B3
	B3
	C2
	B3
	B3
	C2
	​D2
	D4
	E3

	Dispersant – 35%
	D2
	D3
	E2
	A3
	B3
	C2
	D2
	D3
	C3
	D2
	D3
	C3
	A3
	B3
	C2
	E4
	E3
	E2
	D2
	D3
	E2

	Dispersant – 80%
	D2
	D3
	C3
	C1
	C2
	B2
	E4
	E3
	E2
	E4
	E3
	E2
	C1
	C2
	B2
	D2
	D1
	E3
	D2
	D3
	C3

	ISB
	E4
	E3
	E2
	B3
	B3
	C2
	C1
	C2
	B2
	B3
	B3
	C2
	B3
	B3
	C2
	B3
	B3
	C2
	E4
	E3
	E2


Note: Summary of risk scores for pilot station scenario in the San Francisco Bay Area ecological risk assessment  (ERA). Dark gray cells represent a “high” level of concern, gray cells represent a “moderate” level of concern, and clear cells represent a “limited” level of concern.
Recommendations for the OSPPR Risk Assessment Methodology

According to the Coast Guard’s RBDM philosophy, the final selection and refining of the risk assessment methodology chosen should be accomplished in consultation with the stakeholders in the process. In this sense, the recommendations in this section of the report are not meant to be prescriptive, but rather aimed at facilitating the final methodology development by proposing a “straw man” framework. 

Given the relative scope and complexity of the OSPPR Risk Assessment concept as outlined in Figure 1.2 and Table 1.1, an attractive option appears to be a modification of the Environmental Risk Assessment concept previously used to evaluate oil spill response options at the port level. 

The ERA approach has several obvious advantages identified in the other three methodologies selected as candidates for further evaluation, including:

· It is a qualitative method well-suited to strategic risk evaluation

· It is flexible in accommodating a wide range of qualitative and quantitative input, and distilling this input into easily understandable risk rankings (levels of concern) that can be used throughout the process. In areas where there is ample qualitative and quantitative data, these data can be readily used to support the process. In areas where there is limited qualitative or anecdotal data available, these data can be combined with the experience of the stakeholders to produce a usable ranking score.

· It can be accomplished with varying numbers of stakeholders in that focus groups can be utilized to develop preliminary risk rankings, and then these can be consolidated by the larger group to produce the final risk matrix. It can also be accomplished in stages, with stakeholders reconvening at intervals of days or weeks without using continuity in the process.

· Within the ERA framework, supporting quantitative analyses can be performed at various levels of complexity to support the rankings while maintaining uniformity in the presentation of the final results. 

· It has been demonstrated within the stakeholder community in an application of direct relevance to the OSPPR program.

Again the ERA process is proposed as an initial framework; it can be modified to incorporate useful risk analysis techniques and tools found in other risk assessment methodologies.

To carry the concept further, one can envision how the various components and parameters in the overall OSPPR Risk Assessment process depicted in Figure 1.2 in Section 1.0  might be dealt with in the context of an ERA-like matrix-based approach. For instance, a risk square could be devised that would score “level of concern” with respect to source category input based on the overall annual oil input to the environment and the number of medium and major spills that occur (which generally involve some impact and require expenditure of response resources). Other parameters considered might be average spill size (or average major spill size and average medium spill size). A risk square for ranking source categories in terms of the risk relative magnitude (incorporating the concepts of severity and frequency) might be configured as shown in Figure A-7 below.

As for ranking economic and environmental impact associated with source categories, the ranking parameters could be total annual environmental (NRDA) costs and economic costs vs. the number of medium and major spills where costs were incurred. The risk square for the environmental costs is depicted below in Figure A-8. Characterizing the political impact will obviously be more subjective but this could be characterized by the level of public concern (high, medium and low), and the duration of this concern (days, weeks, years, continuing).

 Figure A-7  Representative Risk Square for Ranking Input Threat by Source Categories in the OSPPR Risk Assessment

	
	Annual Oil Input into the Environment (million tonnes)

	Number of Major and Medium Spills per Year
	
	1.0 – 10.0

(1)
	0.1 -1.0

(2)
	0.01 – 0.1 

(3)
	0.0 -0.01  

(4)

	
	A. High ( > 1000 )
	A1
	A2
	A3
	A4

	
	B. Mod/High (500 –1000)
	B1
	B2
	B3
	B4

	
	C. Moderate (100-500)
	C1
	C2
	C3
	C4

	
	D. Mod/Low (10 – 100)
	D1
	D2
	D3
	D4

	
	E. Low (< 10)
	E1
	E2
	E3
	E4


Figure A-8      Representative Square for Ranking Environmental Impact by Source Categories in the OSPPR Risk Assessment

	
	Annual Environmental Cost of Oil Spills ($M)

	Number of Major and Medium Spills per Year Where Costs Are Incurred
	
	> 1000

(4)
	100 - 1000

(3)
	10 - 100 

(2)
	0 -10

(1)

	
	A. High (> 1000)
	A1
	A2
	A3
	A4

	
	B. Mod/High (500  -1000)
	B1
	B2
	B3
	B4

	
	C. Moderate (100-500)
	C1
	C2
	C3
	C4

	
	D. Mod/Low (10 – 100)
	D1
	D2
	D3
	D4

	
	E. Low (< 10 )
	E1
	E2
	E3
	E4


In developing a ranking matrix for the effectiveness of mitigation measures there are three concepts that come into play. The first can be described as the functional effectiveness of the prevention, preparedness or response measure, which is the typical level of risk/impact reduction achieved on a potential or actual spill where the mitigation measure is applicable. This may be expressed qualitatively as very high, high, moderate or limited functional effectiveness where functional effectiveness is difficult to estimate (e.g., for mitigation programs like the adoption of the ISM Code, STCW, and PREP or quantitatively (where data exist) as percentage of oil prevented from entering the water or  recovered/removed from the water in a typical scenario.

The second concept can be described as the applicability of the mitigation measure, that is, the percentage of all spills from the source category. Evaluated together, in a risk square such as depicted in Figure A-9, they represent a measure of the overall “Efficacy” (or perhaps utility) of the mitigation measure. The Efficacy ratings can be characterized as Very High, High, Moderate or Low as indicated in each cell of the risk square.

The third important concept that must be considered in evaluating the impact of mitigation measures is cost-effectiveness, the level of risk reduction achieved vs. the amount of resources (quantitatively represented by cost) required to develop and implement the mitigation measure. Cost-effectiveness can be precisely quantified as dollar spent per barrel of oil not spilled (prevention) or recovered/removed from the water (preparedness/response), or qualitatively as Very High, High, Moderate, or Low.   Efficacy and the Cost-Effectiveness can be evaluated an integrated, using a risk square, as depicted in Figure A-10, to produce a ranking of Overall Effectiveness of the mitigation measure in reducing risk within the OSPPR Program.

In conducting the risk assessment using a methodology based on the ERA paradigm, the ranking scheme discussed above would be applied to the  OSPPR Risk Assessment process using an OSPPR Matrix as depicted in  FigureA-11. The portion of Figure A-11 dealing withy mitigation measures could be expanded to provide a cell associated with each one the individual mitigation measures discussed in detail in Section 1.2, and then aggregated into broader categories (e.g. vessel design and equipment prevention measures, crew training and certification prevention measures, contingency planning and preparedness measures, spill cleanup and countermeasures, etc.) to suit the purposes of the participants and the needs on the strategic planers and managers.

By adhering to the alphanumeric ranking scheme that reflects level of concern throughout the matrix (where a ranking of A1 indicates highest potential threat, highest impact, least effective mitigation potential – highest level of concern and E4 indicates lowest potential threat, least impact and highest mitigation potential – lowest level of concern), some measure of comparability and continuity can be achieved throughout the matrix, and particularly across the matrix in each of the rows assigned to a particular source category. This allows for the assessment (either by intuitive/qualitative determination or by some form of direct computation) of an overall “level of concern” associated with each oil pollution source category. 

The overall levels of concern could be color-coded as was done in the Oil Spill Response ERAs to provide clarity and facilitate comparisons. In this manner, the completed OSPPR Risk Assessment Matrix would provide the desired “top level” strategic overview of the oil pollution prevention, preparedness and response problem, and serve as a starting point for more detailed risk assessment efforts, and provide insight on further risk management steps that should be taken.

Figure A- 9     Representative Risk Square for Evaluating Mitigation Measure 
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Figure A- 10
Representative Risk Square for Evaluating Mitigation Measure Overall Effectiveness in the OSPPR Risk Assessment
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With respect to the mechanics of assigning the rankings and actually completing the matrix, a two-step process might prove effective involving risk assessors (subject matter experts) and OSPPR program managers. The assessors could be organized into focus groups to address and assign rankings to each of the OSPPR component areas by source category (e.g. source category potential, impact magnitude, prevention measure effectiveness, preparedness measure effectiveness, response measure effectiveness). For a risk assessment focusing specifically on Coast Guard OSPPR program issues, the focus groups might include working level practitioners from Headquarters and Field Units, as well as the NOAA HAZMAT Group. For a wider risk assessment looking at the national OSPPR Program, each focus group might contain a mix of experts from government, industry, academia and the NGO community. These focus groups would assign the initial scoring in the OSPPR Risk Assessment Matrix.

Following the initial scoring, a risk assessment workshop could be convened which would include as participants both OSPPR program managers, as well as representatives from the original focus groups. For the Coast Guard specific risk assessment, the program mangers might include senior representatives from Headquarters, NSFCC, and Area Staffs. For the national level assessment, the program managers might include senior decision-makers from each of the National Response Team Agencies, key industry and organizations (e.g. API and AWO), as well as organizations representing the various states (States/BC Oil Spill Task Force and Coastal America) and national level environmental NGOs (e.g. Ocean Advocates and The Ocean Conservancy). The implementation of this two staged approach could be timed to the availability of additional key input data (specifically publication of the 2001 National Academy of Sciences Report), and the 2003 International Oil Spill Conference where the results could be vetted with the OSPPR community at large as was done for the OPA 90 Effectiveness Panel convened for the 2001 IOSC (Tannehill and Steen, 2001).
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Figure A – 11  Suggested Matrix for Application of the ERA Concept to the OSPPR Risk Assessment
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Appendix B-1 Natural Seeps in US Water

(Compiled by Environmental Research Consultants, 2001)

Natural oil seepage estimates have recently been updated from previous estimates reported by the National Academy of Sciences (1985) (based on Kvenvolden and Harbaugh 1983). New technologies, including satellite remote sensing techniques, and a better understanding of geological processes acquired during petroleum exploration and production activities have provided new estimates of oil seepage (see Table).

	Table B-1  Estimated Natural Oil Seepage in US Waters

	Region
	Estimated Annual

Oil Seepage
	References

	Gulf of Mexico (US)
	1,200,000-5,000,000 gal/yr

21,000,000 gal/yr
	MacDonald 1998;

MacDonald et al. 1993, 1996

Mitchell, MacDonald, and Kvenvolden 1999



	Southern California
	5,000,000 gal/yr
	Clester, et al. 1996; Hornafius et al. 1999

	Gulf of Alaska
	2,300,000-3,200,000 gal/yr
	Becker and Manen 1988; Page et al. 1997

	Total US
	8,500,000-29,200,000 gal/yr
	

	Analysis by Environmental Research Consulting


The three areas in the US which have significant natural seeps are the Gulf of Mexico (at least 63 seeps reported), the Pacific Ocean off Southern California, (Coal Oil Point, Santa Barbara Channel, offshore Santa Maria and Santa Monica Basins), and the Gulf of Alaska (Puale Bay, Oil Bay, Controller Bay/Katalla, Samovar Hills, and eastern Gulf of Alaska) (see Map). These seeps discharge crude oil on an ongoing basis though the rates vary from year to year depending on geological activities.
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Figure B-1   Areas of Natural Oil Seepage in US Waters
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	Appendix B-2 Compuations of International Marine Oil Spill Input



	Table B-2   International Marine Oil Spills 1990-1999

Source: Environmental Research Consulting Database

	Source Type
	Average Input1 (tonnes/yr)
	Maximum Input1 (tonnes/yr)
	Minimum

Input1 (tonnes/yr)
	Average Spill Size1

 (tonnes)

	Tankers
	88,972 
	218,440 
	13,405 
	4.32 

	Barges
	2,606 
	13,344 
	02
	1.09 

	Other Vessels
	5,592 
	9,593 
	3,199 
	0.31 

	Pipelines
	4,646 
	16,071 
	02
	5.63 

	Facilities
	2,747 
	5,769 
	02
	3.14 

	E&P
	403 
	1,027 
	02
	1.01 

	
	
	
	
	

	1To project from the international data on spills of over 34 tonnes to the larger range of spills involving at least 0.003 tonnes, the small spill estimation factor for spill number was applied in the following manner for vessels:

Vnl = 0.001 x Vne  or

Vnl/0.001 = Vne , where Vnl = number of vessel spills ( 34 tonnes; Vne = estimated number of vessel spills ( 0.003 tonne.

Likewise, to estimate the amount of oil spilled from vessels in all size classes based on verified data of spills of at least 34 tonnes, the following estimation factor was applied. 

Val = 0.767 x Vae or

 Val/0.767 x Vae, where Val = amount spilled from vessels in spills ( 34 tonnes; Vae = estimated amount spilled from vessels in spills ( 0.003 tonne.

For coastal pipelines and facilities (including offshore exploration and production facilities), a second estimation factor for spill numbers was derived as follows:

PFnl = 0.004 x PFne or

 PFnl/0.004 x PFne, where PFnl = amount spilled from pipelines and facilities in spills ( 34 tonnes; PFne = estimated amount spilled from pipelines and facilities in spills ( 0.003 tonne.

Another estimation factor for spill amount was derived for application to pipeline and facility spill input estimates, as follows:

PFal = 0.826 x PFae or

PFal/0.826 = PFae, where PFal = amount spilled from facilities/pipelines in spills ( 34 tonnes; PFae = estimated amount spilled from facilities/pipelines in spills ( 0.003 tonne.

2Since annual input estimates are based on recorded number of spills of 34 tonnes any year in which there were no reported/recorded spills of 34 tonnes and over, there are estimates of zero spillage. It should be understood that this is an artifact of the estimation technique and does not imply that there was no spillage from these sources from spills of less than 34 tonnes.


Appendix B-3 Operational Oil Spillage From Vessels

( Environmental Research Consultants, 2001)

The International Convention for the Prevention of Oil From Ships (MARPOL 73/78) regulates the design, construction, and operation of commercial vessels of 100 gross tons and over worldwide to reduce or eliminate to the extent possible the discharge of oil and other pollutants into the marine environment.

MARPOL 73/78 has been adopted by nations with authority over 95% of the world’s merchant fleets. In the US, MARPOL was adopted through the Act to Prevent Pollution From Ships (33 US Code 1901 et seq).

The oil-related regulations in MARPOL include the following:

· All commercial vessels (100-400 gross tons) must retain all oily waste on board unless discharged at sea while underway and over 50 nautical miles from shore.

· All commercial vessels over 400 gross tons are required to have installed oily water separators (OWS) and oil discharge monitoring systems (ODMS) which record the oil content of overboard discharges from the bilges, and, in the case of tankers, from any cargo slop tanks. If the oil content in the discharge stream exceeds 15 ppm, an alarm sounds and the discharge is terminated.

· Vessels are not permitted to discharge oily water (even through an ODMS) unless underway between ports and over 50 nautical miles from shore. There are certain designated special areas in which discharges are prohibited regardless of distance from shore due to their particular environmental sensitivity. These special areas include: the Mediterranean Sea, the Baltic Sea, the Black Sea, the Red Sea, the Gulf of Aden, the Antarctic area, and the Gulfs area. All operational spillages from vessels occur outside the jurisdiction of any nation.

· The only discharges permitted under MARPOL are bilge water and certain cargo tank washings from tankers, provided the discharges do not exceed 15 ppm and occur while underway over 50 nautical miles from shore. Discharge of fuel oil sludge is strictly prohibited.

In order to assist vessels in complying with the prohibitions against the discharge of oil sludge and bilge and cargo tank washings containing over 15 ppm of oil, ports that receive commercial vessels are required to establish and maintain oil reception facilities. These reception facilities, or which there are 1,047 in the US, are required to have sufficient capacity to receive and process all oily wastes generated by all vessels calling at the port. Failure to maintain reception facility capabilities is supposed to result in vessels being denied entry into port.

	Table B-3   Control of Oil Discharges From Cargo Tanks of Tankers Under MARPOL 73/78

	Sea Area
	Discharge Criteria

	Within SPECIAL AREA
	NO DISCHARGE except clean or segregated ballast

	Outside SPECIAL AREA
	Within 50 miles of shore
	NO DISCHARGE except clean or segregated ballast

	
	More than 50 miles of shore
	NO DISCHARGE except either:
1. Clean or segregated ballast; or
2. When:

· Tanker is en route; and

· Instantaneous rate of discharge does not exceed 60 liters per nautical mile; and
· Total quantity oil discharged does not exceed 1/15,000 (for pre-1979 tankers) or  1/30,000 (for new tankers) of total quantity cargo carried on previous voyage; and

· Tanker has operating oil discharge monitoring/ control system and slop tank.


	Table B-4  Control of Oil Discharges From Vessel Machinery Spaces Under MARPOL 73/78

	Sea Area
	Ship Type/ Size
	Discharge Criteria

	Within SPECIAL AREA
	Anywhere
	Oil tankers of all sizes and other ships ≥ 400 GRT
	NO DISCHARGE except when:
· Ship proceeding en route; and

· Oil effluent content without dilution does not exceed 15 ppm; and

· Ship has in operation oil filtering equipment with automatic 15 ppm discharge stopping device.

	
	Within 12 miles of land
	Ships < 400 GRT other than oil tankers
	NO DISCHARGE except when oil effluent content without dilution does not exceed 15 ppm.

	
	More than 12 miles from land
	
	NO DISCHARGE except when either:
· Oil effluent content without dilution does not exceed 15 ppm; or
· Ship proceeding en route and oil effluent content is less than 100 ppm.

	Outside SPECIAL AREA
	Within 12 miles of land
	Oil tankers of all sizes and other ships ≥ 400 GRT
	NO DISCHARGE except when oil effluent content without dilution does not exceed 15 ppm.

	
	
	Ships < 400 GRT other than oil tankers
	Conditions for ships ≥ 400 GRT apply as far as is reasonable and practicable.

	
	Within 12 miles of land
	Oil tankers of all sizes and other ships ≥ 400 GRT
	NO DISCHARGE except when either:
· Oil effluent content without dilution does not exceed 15 ppm; or
· Ship proceeding en route and the oil effluent content is less than 100 ppm; and
· Ship has operational oil discharge monitoring/control system, oily water separating or filtering equipment, or other installation.

	
	
	Ships < 400 GRT other than oil tankers
	Conditions for ships ≥ 400 GRT apply as far as is reasonable and practicable.


Estimate of Oil Discharged to Sea By Vessel Operations

Estimates of operational spillage from vessels were based on studies conducted by the US Coast Guard, IMO, and INTERTANKO. The estimation techniques are based on known numbers of vessels and general knowledge of vessel operations. To estimate more precisely the amount of oil discharged into the sea from routine and illegal operational spillage would require a thorough study of Port State Control records and other information gleaned from Oil Record Books.

Machinery Space Bilge Discharges

	Table B-5   Machinery Space Bilge Discharges From Vessels Worldwide

	Vessel Type
	Number Operating1
	Discharge Rate
	Total Annual Machinery Oil Production3
	Estimated 

Annual Oil Discharge to Sea

	Crude Tankers
	5,600
	12 gal oil/day2
	22,176,000 gal/yr
	110,880 gal/yr4

	Product Tankers
	1,300
	12 gal oil/day2
	5,148,000 gal/yr
	541,800 gal/yr5

	Total Tankers
	6,900
	--
	27,324,000 gal/yr
	652,680 gal/yr

	Non-Tankers (under 400 GRT)
	33,800
	5 gal oil/day6
	26,786,000 gal/yr
	13,388,760 gal/yr7

	Non-Tankers

(≥400 GRT)
	46,700
	5 gal oil/day6
	36,990,000 gal/yr
	369,850 gal/yr8

	Total

Non-Tankers
	80,500
	--
	63,776,000 gal/yr
	13,758,610 gal/yr

	Total All Vessels
	87,400
	--
	91,100,000 gal/yr
	14,411,290 gal/yr

	1Lloyd’s Register data

2Based on 1990 IMO report for average 20,000 hp vessel in category.

3Based on operation of 330 days per year.

4Based on estimate of 0.05% overboard discharge as per 1990 IMO report if 15 ppm ODMS is operational and on-board oil recycling implemented.

5Based on estimate of 10% overboard discharge as per 1990 IMO report if 15 ppm ODMS is operation and lower rate of oil recycling implemented as is typical of product tankers.

6Based on 1990 IMO report for average 4,000 hp vessel in category.

7Based on assumption that 50% of bilge oil discharged due to lack of OWS and ODMS.

8Based on estimate of 10% overboard discharge as per 1990 IMO report if 15 ppm ODMS is operation and lower rate of oil recycling implemented as is typical of 400 GRT non-tank vessels.


Fuel Oil Sludge Discharges

Heavy fuel oils contain 1.4% to 5% sludge or waste oil that cannot be burned as fuel or be otherwise disposed of by some other means. According to INTERTANKO, on average, heavy fuel oil is 2% oily sludge. (Diesel fuel does not produce any appreciable quantity of sludge.) Every year vessels produce on average 764,400,000 gallons of sludge.
MARPOL requires that all fuel oil sludge be retained on board for discharge at a reception facility or processed through a legal treatment on board the vessel, such as mixing and homogenizing with fuel oil, use on-board incinerators, or transferring the sludge to cargo or slop tanks (on tankers only). There should, therefore, be no legal discharge to the sea.

Not all vessels are equipped with incinerators or slop tanks or have the capacity to otherwise treat all produced sludge on board. Waste reception facilities exist all over the world, but it is widely acknowledged that reception facilities are not used to the fullest extent due to reasons of cost, timeliness, and inconvenience. Therefore, it is assumed that some quantity of oily sludge is discharged to the sea in contravention to MARPOL. The IMO has estimated that this quantity is 10% for tankers and 25% for non-tankers.

	Table B-6   Fuel Oil Sludge Discharges From Vessels Worldwide

	Vessel Type
	Residual Fuel Oil 

Used Annually1
	Estimated Fuel Oil Sludge Discharged to Sea

	Tankers
	50,000,000 metric tons
	29,400,000 gallons/yr2

	Non-tankers
	80,000,000 metric tons
	117,600,000 gallons/yr3

	All vessels
	130,000,000 metric tons
	147,000,000 gallons/yr

	1Based on INTERTANKO data
2Based on IMO (1990) estimates of 10% discharge by tankers.

3Based on IMO (1990) estimates of 25% discharge by non-tankers.


Operational Discharges From Cargo Tanks of Tankers

Certain tankers may discharge oil contained in ballast and tank washings during normal operations. Under MARPOL 73/78 Regulation 13, tankers of 20,000 DWT and above are required to have segregated ballast tanks (SBT), dedicated clean tanks (CBT), and/or crude oil washing systems (COW), depending on the vessel type, year built, and size. Regulation 13F, adopted in 1992, restricts routing of ballast piping through cargo tanks and vice versa, which further reduced operational spillage due to ballasting and tank washing. With complete compliance to MARPOL 73/78, the total discharge from tanker cargo slop tanks would be estimated to be as shown in the figure below.

	Table B-7   Oil Discharges from Oil Tanker Cargo Tank Washings Worldwide

Assuming Full Compliance With MARPOL 73/78

	Tanker Type
	Number Tankers1
	Discharge Per Tanker
	Estimated Oil

 Discharged to Sea

	Crude Carriers with SBT or Double-Hull 
	1,188
	24 gallons/yr2
	28,000 gallons/yr

	Pre-MARPOL Very Large Crude Carriers
	594
	2,475 gallons/yr3
	1,471,000 gallons/yr


	Product Tankers with SBT or Double-Hull
	3,513
	32 gallons/yr4
	113,000 gallons/yr

	Product Tankers without SBT or Double-Hull
	1,756
	320 gallons/yr3
	563,000 gallons/yr


	Total All Tankers
	7,051
	--
	2,175,000 gallons/yr

	1Lloyd’s Register data
2Based on INTERTANKO estimates of 3-4 washings per year for a total of 6,000 cubic meters of wash water per year with 15 ppm oil content.

3Based on oil movement figures from INTERTANKO and outflow factor of 1/200,000.

4Based on slop tank capacity of 300 cubic meters and 15 ppm oil content, or outflow factor of less than 1/2,000,000.


Assuming that a certain percentage of tankers are intentionally non-compliant with MARPOL 73/78 or have non-functioning or improperly functioning operational systems, the discharges could more realistically be estimated to be as shown in the following figure. The total discharges come to 10.7 million gallons, approximately the size of an Exxon Valdez spill, each year worldwide.

	Table B-8   Oil Discharges from Oil Tanker Cargo Tank Washings Worldwide

Assuming Partial Non-Compliance With MARPOL 73/78

	Tanker Type
	Number Tankers
	Percent 

Non-Compliance1
	Estimated Oil

 Discharged to Sea

	Crude Carriers with SBT/ DH 
	1,188
	4%
	563,000 gallons/yr

	Pre-MARPOL VLCCs
	594
	4%
	4,924,000 gallons/yr

	Product Tankers with SBT/DH
	3,513
	9%
	3,169,000 gallons/yr

	Product Tankers without SBT/DH
	1,756
	9%
	2,056,000 gallons/yr

	Total All Tankers
	7,051
	--
	10,712,000 gallons/yr

	1Noncompliance estimates from US Coast Guard


Figure B-2   Putting Operational and Accidental Spillage Into Perspective
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Appendix B-4 Oil Spills from Floating Production, Storage, and Offloading Systems (FPSOs) and Other Deepwater Systems

(compiled by Environmental Research Consultants, 2000)

Glossary

Floating Production, Storage, and Offloading System (FPSO):

An FPSO is a tanker-based system that is capable of producing, storing, and offloading crude oil directly to a shuttle tanker or Single Point Mooring (SPM). And FPSO ma be a converted trading tanker or a newbuild vessel.

Floating Production System (FPS):

An FPS is a non-tanker-based system that is capable of producing crude oil, but has no storage capacity, and therefore exports its cargo directly to shore via pipeline or SPM.

Floating Storage and Offloading System (FSO):

An FSO is a tanker-based storage system, which stores oil and then offloads it to a shuttle tanker directly or through an SPM.

Oil Spills

Worldwide there have been in operation or are currently in operation: 204 Floating Production, Storage, and Offloading Systems (FPSO), of which four are in the US); 107 Floating Storage and Offloading Systems (FSO), of which there are none in the US; and 93 Floating Production Systems (FPS), of which nine are in the US. These systems have had a total throughput of nearly 702 million barrels.

There have been 204 oil spills associated with these systems for a total of 197,131 gallons spilled (see Table). All but two spills were from FPSOs. Over 83% of the total oil spillage resulted from one incident – the spillage of 163,800 gallons of crude oil from the FPSO Captain in the North Sea, off Scotland, UK, on 24 August 1997 (source: Environmental Research Consulting Database). One FPSO in the Timor Sea of Australia has reported 140 incidents, the largest of which involved 632,646 gallons of oil. Eight FPSOs have been involved in more than one spill incident, three have been involved in ten or more spills.

Only one of the four FPSOs in the US has been involved in any oil spills. The Santa Ynez FPSO (formerly named: Newcastle and British Willow) was involved in four spills, for a total of 630 gallons spilled. The largest incident involved 336 gallons. None of the nine FPSs in the US have reported spills thus far.

References
Minerals Management Service. 1999. FPSO Historical Record and Offshore Incident Study. CTRs 4102&4103. Prepared for Deepstar Phase IV 4100 Regulatory Committee. Intec Engineering. Intec Project H-0806.31, September 1999. MMS Project TN-01-001-H080631-RC

Minerals Management Service. 2000. Proposed Use of Floating Production, Storage, and Offloading Systems on the Gulf of Mexico Outer Continental Shelf: Western and Central Planning Areas: Draft Environmental Impact Statement. OCS EIS/EA MMS 2000-051. US Department of the Interior, Minerals Management Service, New Orleans, Louisiana.

Minerals Management Service. 2001. Comparative Risk Analysis for Deepwater Production Systems: Final Project Report. Prepared By Offshore Technology Research Center, Austin, Texas.

	1Data source: Database from: Minerals Management Service. 1999. FPSO Historical Record and Offshore Incident Study. CTRs 4102&4103. Prepared for Deepstar Phase IV 4100 Regulatory Committee. Intec Engineering. Intec Project H-0806.31, September 1999. MMS Project TN-01-001-H080631-RC.

2Analysis by Environmental Research Consulting


	Table B-9  Oil Spills From Floating Production, Storage, and Offloading Systems Worldwide1,2

	Type
	Total Worldwide Throughput

(bbls)
	Total Number Worldwide
	Total Number Involved in Spills
	% Involved in Spills
	Number Spills
	Largest Spill (gal)
	Total Volume Spilled (gal)
	Vol. Spilled

Per Total Throughput (gal)

	FPSO
	492,501,333
	204
	14
	6.9%
	204
	163,800
	193,259
	0.00000934


	FPS
	70,877,917
	93
	1
	1.1%
	1
	92
	92
	0.00000003

	FSO
	138,600,000
	107
	1
	0.9%
	1
	3,780
	3,780
	0.00000065
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	Table B-10  Vessel Oil Spills into US Waterways

1973-2000

	Year
	Gallons Spilled
	Number Spills

(1 gallon and up)
	Average Spill Size

(gallons)

	1973
	5,468,615
	2,705
	2,022

	1974
	3,898,849
	3,095
	1,260

	1975
	12,710,286
	2,787
	4,561

	1976
	11,295,857
	2,709
	4,170

	1977
	2,040,314
	2,960
	689

	1978
	4,500,838
	3,266
	1,378

	1979
	14,081,511
	2,974
	4,735

	1980
	3,622,150
	2,686
	1,349

	1981
	5,616,511
	2,372
	2,368

	1982
	3,774,619
	1,898
	1,989

	1983
	2,329,661
	1,906
	1,222

	1984
	8,979,562
	1,883
	4,769

	1985
	2,094,854*
	799*
	2,622*

	1986
	3,054,183
	2,961
	1,031

	1987
	2,977,134
	2,948
	1,010

	1988
	4,685,543
	3,284
	1,427

	1989
	12,745,796
	3,773
	3,378

	1990
	7,260,245
	4,190
	1,733

	1991
	1,269,856
	4,258
	298

	1992
	700,435
	5,558
	126

	1993
	1,238,753
	5,715
	217

	1994
	1,333,446
	5,280
	253

	1995
	1,631,719
	3,303
	494

	1996
	1,729,680
	3,331
	519

	1997
	456,086
	3,813
	120

	1998
	575,144
	4,181
	138

	1999
	548,936
	4,612
	119

	2000**
	209,533**
	4,058**
	52**

	TOTAL
	120,830,116
	93,305
	130

	*Data for 1985 is probably underestimate; data loss from original USCG files in transition from PIRS to MSIS systems.

**Preliminary figures (as at 29 April 2001).

Source: Environmental Research Consulting


	Table B-11  Numbers of Oil Spills From Vessels In US Waterways By Spill Size 1973-2000

	Year
	1,000,000+ gal
	100,000-999,999 gal
	10,000-99,999 gal
	1,000-9,999 gal
	100-999 gal
	10-99 gal
	1-9 gal
	TOTAL

	1973
	1
	10
	18
	103
	461
	1,124
	988
	2,705

	1974
	1
	8
	27
	104
	519
	1,218
	1,218
	3,095

	1975
	0
	10
	21
	82
	438
	1,112
	1,124
	2,787

	1976
	0
	8
	12
	97
	383
	1,057
	1,152
	2,709

	1977
	2
	3
	24
	88
	442
	1,185
	1,216
	2,960

	1978
	2
	8
	27
	118
	527
	1,296
	1,288
	3,266

	1979
	1
	7
	29
	113
	457
	1,268
	1,099
	2,974

	1980
	1
	6
	13
	75
	471
	1,188
	932
	2,686

	1981
	1
	4
	12
	108
	408
	997
	842
	2,372

	1982
	1
	4
	21
	78
	334
	820
	640
	1,898

	1983
	1
	2
	17
	85
	311
	831
	659
	1,906

	1984
	3
	10
	19
	77
	300
	778
	696
	1,883

	1985
	0
	5
	5
	27
	105
	305
	352
	799

	1986
	0
	9
	21
	77
	341
	1,044
	1,469
	2,961

	1987
	0
	7
	14
	65
	292
	1,038
	1,532
	2,948

	1988
	1
	6
	24
	62
	323
	1,088
	1,780
	3,284

	1989
	1
	4
	24
	67
	364
	1,216
	2,097
	3,773

	1990
	1
	6
	29
	94
	334
	1,333
	2,393
	4,190

	1991
	0
	2
	16
	74
	318
	1,254
	2,594
	4,258

	1992
	0
	1
	7
	52
	368
	1,396
	3,734
	5,558

	1993
	0
	2
	10
	78
	305
	1,331
	3,989
	5,715

	1994
	0
	1
	11
	67
	286
	1,290
	3,625
	5,280

	1995
	0
	3
	13
	57
	243
	804
	2,183
	3,303

	1996
	0
	2
	11
	63
	247
	621
	2,387
	3,331

	1997
	0
	0
	8
	43
	206
	668
	2,888
	3,813

	1998
	0
	2
	4
	54
	208
	631
	3,282
	4,181

	1999
	0
	0
	11
	41
	161
	768
	3,631
	4,612

	2000
	0
	0
	3
	23
	121
	567
	3,344
	4,058

	Total
	17
	130
	451
	2,072
	9,273
	28,228
	53,134
	93,305

	Source: Environmental Research Consulting


	Table B-12  Volume of Oil Spilled By Vessels In US Waterways By Spill Size 1973-2000

	Year
	1,000,000+ gal
	100,000-999,999 gal
	10,000-99,999 gal
	1,000-9,999 gal
	100-999 gal
	10-99 gal
	1-9 gal
	TOTAL

	1973
	1,505,910
	2,691,072
	809,984
	298,137
	125,351
	32,259
	2,902
	5,465,615

	1974
	1,008,000
	1,612,126
	789,107
	312,199
	135,199
	38,839
	3,299
	3,898,769

	1975
	7,038,058
	4,350,578
	924,428
	237,434
	121,379
	35,434
	2,975
	12,710,286

	1976
	8,500,000
	1,951,496
	424,074
	280,105
	102,493
	34,549
	3,140
	11,295,857

	1977
	0
	688,000
	937,426
	257,505
	115,453
	38,524
	3,406
	2,040,314

	1978
	0
	3,032,653
	971,366
	313,839
	137,690
	41,606
	3,684
	4,500,838

	1979
	10,397,352
	2,202,000
	1,033,389
	289,514
	117,640
	38,334
	3,282
	14,081,511

	1980
	1,344,000
	1,394,600
	474,966
	235,570
	131,486
	38,832
	2,696
	3,622,150

	1981
	3,738,000
	1,170,000
	281,900
	282,290
	110,279
	31,585
	2,457
	5,616,511

	1982
	1,051,764
	1,728,056
	675,885
	203,495
	87,582
	26,037
	1,800
	3,774,619

	1983
	1,050,000
	348,044
	551,950
	268,028
	84,962
	24,780
	1,897
	2,329,661

	1984
	5,104,258
	2,997,727
	552,078
	218,404
	81,879
	23,278
	1,938
	8,979,562

	1985
	0
	1,654,680
	242,176
	79,176
	79,680
	30,023
	9,119
	2,094,854

	1986
	0
	2,057,120
	634,896
	235,578
	92,727
	30,144
	3,718
	3,054,183

	1987
	0
	2,313,694
	357,962
	195,893
	77,349
	28,176
	4,060
	2,977,134

	1988
	2,041,662
	1,651,146
	676,590
	195,725
	86,112
	30,030
	4,278
	4,685,543

	1989
	10,500,000
	1,088,343
	811,780
	206,665
	97,761
	35,848
	5,399
	12,745,796

	1990
	3,900,000
	1,954,816
	1,014,314
	257,768
	90,165
	37,277
	5,905
	7,260,245

	1991
	0
	623,900
	296,911
	220,011
	88,019
	34,924
	6,091
	1,269,856

	1992
	0
	144,600
	285,117
	132,643
	91,919
	38,176
	7,980
	700,435

	1993
	0
	565,200
	321,994
	230,398
	79,998
	32,828
	8,335
	1,238,753

	1994
	0
	750,000
	265,586
	205,764
	70,365
	33,915
	7,816
	1,333,446

	1995
	0
	1,034,502
	347,564
	158,551
	64,849
	21,738
	4,515
	1,631,719

	1996
	0
	1,004,400
	433,473
	202,450
	67,184
	17,795
	4,378
	1,729,680

	1997
	0
	0
	247,716
	135,946
	49,983
	17,209
	5,232
	456,086

	1998
	0
	273,269
	92,000
	131,757
	57,146
	14,995
	5,977
	575,144

	1999
	0
	0
	384,164
	96,024
	44,075
	17,593
	7,080
	548,936

	2000
	0
	0
	98,700
	61,010
	30,526
	13,225
	6,072
	209,533

	TOTAL
	57,179,004
	39,282,022
	14,937,496
	5,941,879
	2,519,251
	837,953
	129,431
	120,827,036

	Source: Environmental Research Consulting
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Figure B-3   Annual Number of Oil Spills Under 10 Gallons From Vessels in US Waterways, 1973-2000. 

Figure B-4   Oil Spillage From Vessels Into U.S. Waterways, 1973-2000. 

	Table B-13  Vessel Oil Spills in US Waters (1990-2000) By Spill Cause

	Cause
	Total Gallons Spilled

(1990-2000)
	Annual Gallons Spilled
	Number of Spills

(1 gal and up)
	Average Spill Size

(gallons)

	Allision/Collision
	1,249,582
	113,598
	156
	8,010

	At-Dock Discharges
	522,222
	47,475
	5,068
	103

	Bilge/Ballast Operations
	5,099,156
	463,560
	5,359
	952

	Bunkering/Loading/Lightering
	1,139,576
	103,598
	4,897
	233

	Equipment Failure
	61,913
	5,628
	434
	143

	Fire/Explosion
	1,175,901
	106,900
	147
	7,999

	Grounding
	1,253,696
	113,972
	297
	4,221

	In-Transit Discharges
	2,091,513
	190,138
	404
	5,177

	Offshore Stationary Discharges
	92,457
	8,405
	118
	784

	Repair/Maintenance
	14,868
	1,352
	536
	28

	Sinking/Capsizing
	500,025
	45,457
	1,180
	424

	Structural Failure
	1,775,342
	161,395
	427
	4,158

	Other/Unknown
	1,966,892
	178,808
	29,191
	67

	TOTAL
	16,943,143
	1,540,286
	48,214
	351

	Source: Environmental Research Consulting
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Figure B-5  Average Vessel Oil Spill Size By Cause, 1990-2000.

Figure B-6   Number of Vessel Oil Spills Per Transit in U.S. Waters. 1992-1999

Figure B-7 Annual Number of Oil Spills From Vessels in US Waters, 1985-1999

Figure B-8  Relative Numbers of Oil Spills by Different Vessel Types Into US Waters, 1985-1999


Figure B-9 Sources of US Oil Spillage, 1990-1999

Figure B-10  Oil Spillage By Vessels in US Waters By Oil Type, 1973-2000


Figure B-11  Annual Worldwide Oil Spillage From Tankers and Barges

Figure  B-12  Total Amount of Oil Spilled by Decades
Figure B-13  Total Worldwide Oil Spillage 1970-1979
Figure B-14  Total Worldwide Oil Spillage 1980-1989


Figure B-15 Total Worldwide Oil Spillage 1990-1999
Figure B-16  Annual Worldwide Oil Spillage From Non-Tankers

Figure B-17 Annual Worldwide Oil Spillage From E&P Facilities

[image: image2.wmf]Annual Worldwide Oil Spillage From Facilities

(Environmental Research Consulting Database)

0

50,000

100,000

150,000

200,000

250,000

300,000

1970

1972

1974

1976

1978

1980

1982

1984

1986

1988

1990

1992

1994

1996

1998

2000

Tonnes Spilled

0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

5,000

Number of Spills

Total Amount Spilled

(Non-Military Events)

Number Spills > 0.003 t

(1 gal)


Figure B-18  Annual Worldwide Oil Spillage From Facilities
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Figure B-19  Annual Worldwide Oil Spillage From Pipelines

Figure B-20

Figure B-21

Figure B-22  Oil Spills From Vessels By USCG District 1973-1999

Figure B-23 Non-Vessel Oil Spills By USCG District 1973-1999

Figure B-24 Annual Volume of Oil Spilled from Non-Vessel Sources 1973-1999 By USCG District (million gallons/yr)

Figure B-25 Average Number of Oil Spills Into US Waters by Vessel Type 1973-2000

Figure B-26 Average Annual Oil Spillage Into US Waterways By Vessel Type, 1973-2000

Figure B-27  Average Oil Spill Size in US Waterways by Vessel Type, 1973-2000.

	Table B-14  Oil Spillage From Vessels Into US Waterways 1973-2000

	Years
	Tankers
	Barges
	Fishing Boats
	Freight Ships
	Passenger

Ships

	1973-1979
	Annual Number Spills
	621
	812
	274
	283
	44

	
	Annual Amt Spilled (gal)
	5,122,694
	1,973,402
	39,076
	61,305
	6,018

	
	Average Spill Size
	8,249
	2,430
	128
	205
	130

	1980-1989
	Annual Number Spills
	258
	523
	313
	200
	52

	
	Annual Amt Spilled (gal)
	2,410,657
	2,177,985
	96,147
	296,850
	3,064

	
	Average Spill Size
	9,344
	4,164
	301
	1,746
	66

	1990-1999
	Annual Number Spills
	155
	325
	633
	233
	144

	
	Annual Amt Spilled (gal)
	565,762
	607,039
	100,667
	84,046
	8,573

	
	Average Spill Size
	3,650
	1,868
	167
	357
	61

	1995-2000
	Annual Number Spills
	107
	245
	623
	194
	150

	
	Annual Amt Spilled (gal)
	56,298
	436,456
	74,727
	60,703
	7,036

	
	Average Spill Size
	526
	1,781
	121
	312
	42

	Source: Environmental Research Consulting


Figure B-28  Oil Spills From OCS Platforms in US Waters, 1971-2000
Figure B-29  Oil Spilled From OCS Platforms in US Waters, 1971-2000
Figure B-30 Annual Number of Oil Spills From OCS Platforms in US Waters, 1971-2000


Figure B-31 Oil Spills From OCS Pipelines into US Waters, 1971-2000

Figure B-32 Oil Spills From OCS Pipelines in US Waters, 1971-2000

Figure B-33 Oil Spillage From OCS Pipelines in Waters, 1971-2000


Figure B-34  Oil Spills From OCS Platforms in US Waters, 1973-2000


Figure B-35 Annual Number of Oil Spills (>100 Gal) From OCS Pipelines in US Waters


Figure B-36 Oil Spills From Coastal and Nearshore Pipelines into US Navigable Waterways (Excluding OCS Pipelines) 1973-1999.

Figure B-37 Annual Oil Spillage From Coastal and Nearshore Pipelines Into US Navigable Waterways (Excluding OCS Pipelines) 1973-1999.


Figure B-38 Annual Number of Oil Spills From Coastal Nearshore Pipelines Into US Navigable Waterways (Excluding OCS Pipelines) 1973-1999.

Figure B-39 Oil Spills From Coastal and Nearshore Pipelines into US Navigable Waterways (Excluding OCS Pipelines) 1973-1999

Figure B-40 Oil Spilled From Facilities Into US Waterways, 1992-2000

Figure B-41  Oil Spills From Facilities Into US Waterways, 1992-2000

Figure B-42  Oil Spilled From Facilities Into US Waterways, 1992-2000

Figure B-43  Number of Oil Spills From Facilities Into US Waterways, 1992-200

	Table B-15  Number of Oil Spills From Facilities Into US Waterways 1992-2000 (Spills of 1 gallon or more)

	Year
	Bulk Chemical Facility
	Hazardous Cargo Facility
	Bulk Cargo Facility
	Designated Waterfront Facility
	Petroleum Exploration Facility
	Fish Transfer Facility
	General Cargo Facility
	Other Facilities
	Land Vehicle Railroad
	Manufacturing Facility

	1992
	48
	3
	16
	32
	0
	13
	14
	591
	24
	30

	1993
	38
	7
	13
	18
	10
	19
	6
	676
	13
	35

	1994
	38
	5
	10
	19
	3
	14
	9
	741
	26
	35

	1995
	11
	3
	3
	11
	3
	9
	12
	500
	15
	19

	1996
	6
	1
	6
	8
	1
	5
	5
	526
	13
	8

	1997
	5
	3
	4
	8
	4
	2
	3
	507
	10
	16

	1998
	9
	2
	13
	5
	9
	10
	7
	619
	19
	17

	1999
	12
	3
	5
	7
	6
	10
	4
	544
	11
	13

	2000
	18
	1
	3
	5
	7
	2
	9
	323
	9
	18

	TOTAL
	185
	28
	73
	113
	43
	84
	69
	5,027
	140
	191

	Source: Environmental Research Consulting


	Table B-16 Oil Spilled From Facilities Into US Waterways 1992-2000 (gallons spilled)

	Year
	Bulk Chemical Facility
	Hazardous Cargo Facility
	Bulk Cargo Facility
	Designated Waterfront Facility
	Petroleum Exploration Facility
	Fish Transfer Facility
	General Cargo Facility
	Other Facilities
	Land Vehicle Railroad
	Manufacturing Facility

	1992
	100,856
	19
	748
	560
	0
	80
	267
	103,925
	15,065
	13,173

	1993
	19,351
	43
	871
	213
	22
	334
	1,526
	129,424
	2,836
	2,687

	1994
	8,434
	40
	3,102
	4,854
	4,203
	1,567
	55
	347,687
	4,296
	2,545

	1995
	6,694
	12
	19
	689
	12
	195
	1,009
	23,717
	4,155
	10,299

	1996
	121
	5
	3,652
	1,613
	420
	154
	711
	28,574
	16,390
	380

	1997
	47
	1,103
	1,353
	54
	8
	13
	53
	68,706
	4,567
	296

	1998
	72
	15
	38
	6
	221
	71
	6,004
	22,558
	24,785
	2,091

	1999
	1,831
	15
	20
	1,539
	298
	4,030
	57
	179,293
	8,908
	1,714

	2000
	776
	3
	13
	153
	18
	6
	139
	31,905
	6,652
	3,493

	TOTAL
	138,182
	1,255
	9,816
	9,681
	5,202
	6,450
	9,821
	935,789
	87,654
	36,678

	Source: Environmental Research Consulting


	Table B-17  Oil Spilled From Facilities Into US Waterways 1992-2000 (gallons spilled)

	Year
	Petroleum Products Facility
	Pier Complex Facility
	Processing Facility
	Petroleum Production Facility
	Petroleum Refining Facility
	Petroleum Storage Facility
	Petroleum Transfer Facility
	Transportation Facility
	Vessel Repair Facility
	Anchorage Moorage Facility

	1992
	239,869
	7,960
	1,493
	75,517
	22,555
	103,907
	171,470
	72,989
	2,983
	2,308

	1993
	509,132
	1,287
	2,153
	76,441
	672
	9,120
	100,617
	1,627
	7,477
	1,250

	1994
	1,127,350
	373
	1,501
	53,489
	19,724
	205,287
	840,205
	9,947
	5,270
	142

	1995
	31,970
	1,751
	4,807
	72,834
	1,977
	8,515
	5,407
	50,397
	3,635
	2,570

	1996
	116,948
	1,012
	3,758
	244,928
	2,348
	15,505
	7,008
	961,996
	329
	278

	1997
	62,495
	892
	344
	260,206
	85,000
	7,213
	30,287
	5,343
	771
	2,874

	1998
	67,184
	222
	181
	61,045
	87
	2,644
	8,640
	8,242
	919
	179

	1999
	14,699
	270
	174
	12,501
	22,395
	529
	426
	1,870
	390
	401

	2000
	21,875
	140
	14
	9,121
	6,327
	7,304
	2,163
	1,572
	472
	90

	TOTAL
	2,191,522
	13,907
	14,425
	866,082
	161,085
	360,024
	1,166,223
	1,113,983
	22,246
	10,092

	Source: Environmental Research Consulting


	Table B-18  Number of Oil Spills From Facilities Into US Waterways 1992-2000 (Spills of 1 gallon or more)

	Year
	Petroleum Products Facility
	Pier Complex Facility
	Processing Facility
	Petroleum Production Facility
	Petroleum Refining Facility
	Petroleum Storage Facility
	Petroleum Transfer Facility
	Transportation Facility
	Vessel Repair Facility
	Anchorage Moorage Facility

	1992
	437
	32
	40
	1,234
	81
	70
	116
	63
	113
	45

	1993
	483
	33
	30
	1,380
	72
	49
	109
	75
	141
	31

	1994
	489
	36
	37
	1,245
	77
	70
	117
	93
	118
	27

	1995
	214
	12
	22
	1,999
	18
	18
	37
	93
	38
	15

	1996
	148
	17
	20
	243
	10
	32
	32
	28
	24
	6

	1997
	173
	18
	18
	513
	6
	19
	49
	32
	28
	9

	1998
	217
	20
	14
	483
	10
	21
	51
	56
	51
	15

	1999
	192
	25
	7
	451
	23
	9
	27
	41
	36
	23

	2000
	195
	11
	4
	532
	14
	13
	29
	57
	19
	10

	TOTAL
	2,548
	204
	192
	8,080
	311
	301
	567
	538
	568
	181

	Source: Environmental Research Consulting


Figure B-44 NRDA Cost Per Gallon Spilled For US Oil Spills By Oil Type

Figure B-45 NRDA Costs For Oil Spills By Location Type

Figure B-46  NRDA Costs ($2000) For Oil Spills By Location Type


Figure B-47  Average Total NRDA Costs By Location Type


Figure B-48 Average Total NRDA Costs (Excluding Exxon Valdez Spill)

	Appendix C-1      NRDA Costs (2000 $) for US Oil Spills

	Spill
	Source Type
	Location Type
	Oil Type
	Gallons Spilled
	NRDA Costs (2000 $)
	$/gallon spilled

	Amazon Venture
	tanker
	in port
	No. 6 
	500,000
	$2,033,554
	$4.07

	American Trader
	tanker
	in port
	crude
	398,000
	$30,093,588
	$75.61

	An Ping
	freighter
	nearshore
	No. 6
	26,000
	$26,771
	$1.03

	Apex Houston
	barge
	offshore
	crude
	25,000
	$9,985,878
	$399.44

	Apex Barges
	barge
	in port
	No. 4
	694,000
	$2,107,376
	$3.04

	Arco Anchorage
	tanker
	in port
	crude
	239,000
	$501,246
	$2.10

	Arco Pipeline
	pipeline
	nearshore
	crude
	190,000
	$8,299,674
	$43.68

	Berry Petroleum
	pipeline
	nearshore
	crude
	87,000
	$1,566,477
	$18.01

	BT Nautilus
	tanker
	nearshore
	No. 6
	252,800
	$5,234,467
	$20.71

	Burlington Asphalt
	facility
	in port
	No. 2
	10,000
	$58,053
	$5.81

	Colonial Pipeline
	pipeline
	nearshore
	No. 2
	407,000
	$2,955,213
	$7.26

	Exxon Bayway
	pipeline
	nearshore
	No. 2
	567,000
	$13,008,035
	$22.94

	Exxon Valdez
	tanker
	nearshore
	crude
	11,000,000
	$1,225,180,404
	$111.38

	Greenhill
	well
	nearshore
	crude
	122,000
	$2,430,878
	$19.93

	Jahre Spray
	tanker
	in port
	crude
	56,000
	$159,943
	$2.86

	Jupiter
	tanker
	in port
	gasoline
	840,000
	$836,835
	$1.00

	Mega Borg
	tanker
	offshore
	crude
	5,100,000
	$357,105
	$0.07

	Mobil oil
	tanker
	nearshore
	No. 6
	170,000
	$357,484
	$2.10

	Nestucca
	barge
	offshore
	No. 6
	23,100
	$6,313,273
	$273.30

	Nosac Forest
	freighter
	in port
	No. 4 
	6,260
	$145,067
	$23.17

	Presidente Rivera
	tanker
	nearshore
	No. 6
	307,000
	$3,501,012
	$11.40

	Quinnipiac River
	facility
	in port
	No. 4
	5,000
	$42,330
	$8.47

	RTC-380
	barge
	in port
	No. 2
	27,000
	$281,637
	$10.43

	Tenyo Maru
	fishing vessel
	offshore
	No. 6
	173,000
	$6,904,026
	$39.91

	Texaco Anacortes
	facility
	in port
	crude
	210,000
	$628,853
	$2.99

	Unocal Tank Farm
	pipeline
	nearshore
	crude
	21,000
	$1,697,930
	$80.85

	World Prodigy
	tanker
	nearshore
	No. 2 
	28,666
	$889,991
	$31.05

	Source: Environmental Research Consulting; based on Helton and Penn (1999).


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999
	Impacts of Significant Oil Spill Incidents in US Waters (Tank Vessels)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Dec 1976
	Atlantic O.

27 mi ESE of Nantucket I., MA
	offshore marine
	T/V

Argo Merchant
	7,700,000
	No. 6 fuel
	Grounding in poor weather
	Most of oil   dispersed at sea; some oiled birds; no major impact on fish
	$42,042,000
	--
	--
	$5,467,000
	--

	Nov 1979
	Gulf of Mexico off Galveston, TX
	contiguous zone

marine
	T/V

 Burmah Agate
	10,700,000
	crude
	Collision with freighter; fire

explosion
	Oiled marshes and beaches;  33 crew killed; 48% oil burned; 1.7% oil recovery/spilled


	Offshore:

$13,650,320

Shoreline:
$2,171,640

Standby equip:

$527,500
	--
	--
	$7,597,000
	--

	Mar 1984
	Columbia R.

St. Helens, OR
	river
	T/V Mobil oil
	169,000
	No. 6 fuel
	Grounding
	Moderate shoreline impact;

450 birds killed
	RP:

$5,455,463

State:

$87,287
	State:

$394,975

Federal:

$76,376
	--
	$157,117
	State:

$87,287

	Jul 1984
	Gulf of Mexico

Calcasieu Channel, LA
	coastal marine
	T/V Alvenus
	2,791,000
	crude
	Grounding

low bottom clearance
	Tourist beaches impacted;     

 no wildlife impact; 0.001% oil recovery
	Beach cleanup:

$28,368,405

Waterfront property:

$43,643,700
	--
	Beachowners:

$218,218,500

Shrimp industry:

$21,821,850

Tourist trade:

$67,647,735
	$1,091,093
	--

	Oct 1984
	Bodega Bay, CA
	harbor
	T/V

Puerto Rican
	2,016,000
	No. 6 fuel

lube oil
	Explosion

fire
	Harbor oiled; 5,000 birds killed;

2.4% oil recovery/spilled;

58% oil burned;

50% treated with dispersant
	RP:

$3,273,278

USCG:

$1,203,257

Fed. Admin:

$531,178

State Admin:

$134,451


	State Assess:

$218,445

State Dam.:

$741,943

Federal:

$818,320


	--
	$1,431,360
	State:

$104,475

NOAA/USCG:

$229,130

	SubTotals
	
	
	
	23,376,000
	
	
	
	141,088,000
	2,250,059
	307,688,000
	15,743,570
	420,892


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999 (Continued)

	Impacts of Significant Oil Spill Incidents in US Waters (Tank Vessels Continued)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Dec 1985
	Puget Sound

Port Angeles, WA
	marine

sound
	T/V

Arco Anchorage
	239,000
	crude
	Grounding
	Moderate shoreline impact; >4,000 birds killed; hardshell clam impact
	RP:

$28,368,400

State:

$621,923


	State assessment:

$621,923

State damages:

$71,860
	--
	$187,755
	State:

$65,466

	Dec 1986
	Savannah R.

Savannah, GA
	river

estuarine
	T/V

Amazon Venture
	543,000
	No. 6 fuel
	Equipment failure
	25 mi river oiled;  1 mi2 marsh oiled;

minimal bird impact; 18% oil recovery
	RP:

$2,355,993

USCG:

$181,711


	State damages:

$4,283,430

Federal assessment:

$222,738

Federal damages (marsh):

$2,570,060
	Industry/ boatowners:

$1,392,115
	$299,840
	--

	Jul 1987
	Cook Inlet, Kenai, AK
	marine

bay
	T/V

Glacier Bay
	60,000
	crude
	Grounding
	35,000 lbs. fish oiled
	RP:

$913,361

USCG:

$2,872,173

Other federal:

$591,934


	--
	Fishermen:

$90,485,560
	$42,600
	--

	Mar 1989
	Prince William Sound, off Valdez, AK
	marine

sound
	T/V

Exxon Valdez
	11,000,000
	crude
	Grounding due to negligence
	1,100 mi shoreline oiled; 640,000 birds, 5,000 sea otters, 200 harbor seals killed; fishing impact; native food impact; 23% oil recovery
	RP:

$3,408,000,000

Federal:

$184,032,000


	Wildlife rehab:

$61,344,000

Federal:

$218,156,031
	Federal/state:

$1,226,880,000

Alyeska

 (paid by):

$133,593,600

Private:

$7,657,653,312
	$7,810,000
	$34,080,000

	SubTotal
	
	
	
	11,842,000
	
	
	
	3,672,937,495
	287,275,042
	9,110,004,587
	8,340,195
	34,145,466


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999 (Continued)

	Impacts of Significant Oil Spill Incidents in US Waters (Tank Vessels Continued)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Jun 1989
	Narragansett Bay, off Newport, RI
	coastal marine
	T/V

World Prodigy
	294,000
	No. 2 fuel
	Grounding due to operator error
	Minimal shoreline impact; shellfish industry impacted; 70% oil evaporated
	RP:

$3,753,053

USCG:

$990,957

Navy:

$41,834

State:

$413,391

DOI:

$13,871
	Federal assessment:

$103,653

Federal

damages:

$681,600

Cities/Towns:

$1,056,480
	Fisheries:

$773,370

State/shellfish:

$681,600

State:

$681,600

Third-party:

$750,000


	$141,664
	$13,632

	Jun 1989
	Delaware R.

Marcus Hook, PA
	river

harbor/

port
	T/V

Presidente Rivera
	300,000
	No. 6 fuel
	Grounding due to human error
	21 mi shoreline oiled; marshland oiled; some bird kill; crabbing impacted
	Federal:

$2,897,072

State:

$1,115,098
	Federal assessment:

$145,901

State assessment:

$395,328

Damages:

$2,918,573
	Fed. govt:

$376,243

State NJ govt:

$396,691

State DE govt:

$489,389

State PA govt:

$197,664

Crabbers:

$273,458

City govt:

$31,354
	$150,661
	State:

$152,678

	Feb 1990
	Huntington Beach, CA
	harbor
	T/V

American Trader
	417,000
	light crude
	Anchor punctured tanker during mooring
	15 mi beaches oiled; >1,000 birds killed (including endangered pelicans); boats, beaches damaged; 34% oil recovery
	RP:

$15,412,680

State:

$1,001,824

Other RP costs:

$102,340
	State assessment:

$1,726,069

Damages:

$11,364,488
	Charterer 

(state/fed/local):

$5,009,121

Moor facility

(state):

$5,394,438

Boat property:

$895,930

City beach damage:

$10,656,318
	$184,952
	State:

$5,656,881

	SubTotal
	
	
	
	1,011,000
	
	
	
	25,742,120
	18,392,092
	26,607,176
	477,277
	5,823,191


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999 (Continued)
	Impacts of Significant Oil Spill Incidents in US Waters (Tank Vessels Continued)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Jun 1990
	Gulf of Mexico 60 mi 

off Texas
	ocean
	T/V

Mega Borg
	5,000,000
	light crude
	Explosions during lightering
	18 mi coastline tarballs; air pollution (80% oil burned); 2 crew killed
	USCG: 

$2,916,300

Other federal:

$1,110,493

State:

$276,013
	Federal assessment:

$353,207

Damages:

$0
	--
	$2,358,140
	--

	Sep 1990
	Saginaw R.

Bay City, MI
	river
	T/V

Jupiter
	840,000
	gasoline
	Explosion; rocked during offloading
	One death, 11 injuries; little damage due to evaporation
	USCG:

$273,410
	--
	unknown 
	$596,400
	$616,044

	Sep 1996
	Fore River

Portland, ME
	river
	T/V

Julie N.
	180,000
	No. 2 fuel, No. 6 fuel
	Ramming into bridge after navigational error
	6 mi industrial area, 8 mi salt marsh oiled; lobstering impacted; 78% oil recovery
	RP:

$46,827,000

USCG:

$913,842
	not available
	not available
	$127,800
	--

	Oct 1996
	San Francisco Bay, San Francisco, CA
	harbor
	T/V

Cape Mohican
	98,000
	No. 6 fuel
	Malfunction in transfer valve while in drydock
	40,000 gal entered water; 4,000 birds, harbor seals, shoreline oiled
	State

 (federal govt was vessel owner/operator):

$2,178,000

RP:

$8,712,000
	Restoration:

$8,000,000
	--
	$69,580
	$54,450

	Sep

1998
	Pacific O.

off San Francisco, CA
	offshore
	T/V

Command
	51,450
	No. 6 fuel
	Illegal discharge
	Tarballs washed up on 15 mi of beach; 150 birds killed;  

15 mi slick
	USCG:

$1,317,318
	--
	--
	--
	

	SubTotal
	
	
	
	6,169,450
	
	
	
	64,524,376
	8,353,207
	
	3,151,920
	670,494

	Total
	
	
	
	42,398,000
	
	
	
	3,904,291,000
	316,270,000
	
	27,713,000
	41,060,000


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999 (Continued)

	Impacts of Significant Oil Spill Incidents in US Waters (Tank Barges)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Feb 1976
	Mississippi R.

Chalmette, LA
	river
	T/B SJT-4
	160,000
	crude
	Allision with dock
	None recorded

Minimal shoreline impact; 1.6% oil recovery
	RP :

$506,439

USCG :

$79,130
	--
	--
	$113,600
	--

	Jan

1986
	Gulf of Farrallons,  off San Francisco, CA
	marine
	T/B

Apex Houston
	25,000
	crude
	Suspected valve opening
	Shoreline impact (65 mi); 10,000 marine birds oiled
	USCG:

$78,173
	Federal assessment:

$1,173,810

State assessment:

$30,840

Damages (birds):

$11,600,450
	--
	$19,275
	--

	Dec 1988
	Grays Harbor, Aberdeen, WA
	coastal marine
	T/B

Nestucca
	253,000
	No. 6 fuel
	Collision with tug during towing
	US and Canadian sand beaches oiled; 12,500 birds killed; fisheries impacted
	RP:

$7,130,175

Can. govt:

$4,934,367

BC govt:

$541,893

WA state:

$557,436

Tribal:

$720,148
	Canadian:

$6,820,590

Tribal:

$1,004,560

Federal:

$6,274,554

State assessment:

$98,237
	$1,272,595
	$129,800
	--

	Aug 1993
	Tampa Bay, FL
	bay
	T/B

 Bouchard 155
	333,000
	No. 6 fuel
	Collision between two towed barges and freighter
	Mangroves, salt marsh, oyster reefs impacted; 400 oiled birds; oiled 20 mi beaches, boats; channel closed; 45% oil recovery
	RP:

$78,398,150

USCG:

$2,004,224

Other federal:

$471,582
	Damages:

$35,628,960
	--
	$236,430
	--

	SubTotal
	
	
	
	771,000
	
	
	
	95,421,717
	62,632,001
	1,272,595
	499,105
	


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999 (Continued)
	Impacts of Significant Oil Spill Incidents in US Waters (Tank Barges Continued)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Jan 1994
	San Juan, Puerto Rico
	coastal
	T/B

Morris J. Berman
	789,000
	Heavy No. 6 fuel
	Grounding after barge broke away from tug; negligence
	170 mi shoreline, tourist beach, historical sites, wetlands oiled; tourist impact; sinking oil;96% oil recovery
	Federal:

$7,705,754

RP:

$82,662540


	Federal assessment:

$231,910

PR assessment:

$86,105

Damages:

$7,462,455
	$5,999,431
	$330,644
	$79,885,650

	Jan 1996
	Block Island Sound, Galilee, RI
	coastal
	T/B

North Cape
	828,000
	No. 2 fuel
	Grounding after tug caught fire in storm
	Minimal shoreline impact; salt marshes, pond oiled; severe impact on fishing/lobster industry; 16% oil recovery
	USCG:

$4,380,363


	Federal assessment:

$3,514,500

Federal damages:

$8,520,000
	Fisheries:

$2,710,425
	$587,880
	Fed. (owner):

$3,668,000

State (owner):

$3,668,000

Federal (captain):

$10,480

Federal (company):

$104,800

Nature conservancy:

$1,571,000

Remedial safety program:

$1,048,000

	Mar 1996
	Houston Ship Channel, Galveston, TX
	coastal
	T/B

Buffalo 292
	189,000
	IFO
	Grounding in severe weather
	Shoreline oiling; 25 birds killed; 44% oil recovery
	USCG:

$20,061,586
	--
	--
	--
	--

	May 1996
	Houston Ship Channel, Galveston
	coastal
	T/B

Buffalo 286
	42,000
	No. 6 fuel
	Buckling in heavy seas
	Not reported; 48% oil recovery
	USCG:

$1,089,000
	--
	--
	$29,820
	--

	May 1997
	Arthur Kill, New York, NY
	port
	T/B

RTC 320
	50,000
	No. 2 fuel
	Negligence during fuel transfer 
	Not reported
	USCG:

$601,685
	--
	--
	$35,500
	$2,130

	SubTotal
	
	
	
	1,898,000
	
	
	
	116,508,000
	19,814,970
	8,709,856
	983,844
	89,958,060

	Total
	
	
	
	2,669,000
	
	
	
	211,930,000
	82,247,000
	9,982,000
	1,483,000
	89,958,000


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999 (Continued)
	Impacts of Significant Oil Spill Incidents in US Waters (Non-Tank Commercial Vessels)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Jan 1991
	Long Beach, CA
	harbor

port
	M/V Sammi Superstars;

M/V Maui
	Sammi Superstars:

4,452

Maui:

27,613
	No. 6 fuel 
	Sammi Superstars:

bunkering overfill

Maui:

pumping bunkers
	Several miles shoreline, 5 marinas, birds oiled

19% oil recovery
	RP:

$21,182,850

USCG:

$2,140


	--
	--
	--
	$124,605

	Jul 1991
	Pacific Ocean, 20 mi off Neah Bay, WA

(Canadian waters)
	ocean
	F/V

Tenyo Maru
	173,000
	IFO:

120,000

No. 2 fuel:

53,000
	Collision with freighter 
	60 mi beaches oiled; Olympic Natl Park oiled;

4,300 birds killed; native lands, fisheries impacted; 35% oil recovery
	Canadian:

$5,132,778

USCG:

$6,366,357

RP:

$176,843

WA state:

$231,075


	Federal assessment:

$400,878

State assess:

$135,698

Federal damages:

$6,083,375

Wildlife:

$422,548
	Third-party:

$9,432
	--
	Federal civil:

$589,478

State:

$1,178,955

	Feb 1996
	Bering Sea

Pribilof Islands, AK
	coastal
	M/V

Citrus
	9,000
	No. 5 fuel
	Collision

(spill not reported)
	Significant bird kill
	USCG:

$786,258
	--
	--
	--
	Federal criminal:

$92,565

Federal civil:

$8,168

	Nov 1997
	Humboldt Bay, 

Eureka, CA
	coastal harbor
	M/V

Kure
	4,500
	IFO
	Fuel tank punctured ramming into harbor piling
	1,200 birds killed; 8 mi shoreline oiled; fisheries impacted
	$10,000,000
	--
	--
	--
	--

	Nov 1997
	Bering Sea, Unalaska I., AK
	coastal
	F/V

Kuroshima
	47,000
	No. 2,6 fuels
	Grounding in storm
	Two crew killed; 0.5 mi recreational shoreline oiled; 100 birds killed; 28% oil recovery
	RP:

$6,390,000

USCG:

$1,597,500

State:

$213,000


	--
	--
	--
	--

	SubTotal
	
	
	
	265,565
	
	
	
	52,078,801
	7,042,499
	9,432
	
	1,993,771


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999 (Continued)

	Impacts of Significant Oil Spill Incidents in US Waters (Non-Tank Commercial Continued)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Jan 1999
	Atlantic Ocean

off Charleston, SC
	offshore
	M/V

Star Evviva
	24,000
	No. 6 fuel
	Overflow alarm and shutoff valve malfunction during bilge pumping; spill not reported
	200 birds killed
	USCG:

$133,380
	--
	--
	--
	Civil penalties and criminal charges pending

	Feb 1999
	Coos Bay,

OR
	coastal
	M/V New Carissa
	70,000
	No. 2 fuel; 

No. 4 fuel
	Grounding
	6 mi. shoreline oiled; birds killed
	USCG:

$7,592,856
	
	
	
	

	SubTotal
	
	
	
	94,000
	
	
	
	7,726,236
	0
	0
	0
	0

	Total
	
	
	
	359,565
	
	
	
	59,805,037
	7,042,499
	9,432
	
	1,993,771


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999 (Continued)

	Impacts of Significant Oil Spill Incidents in US Waters (Offshore Oil & Gas Platform)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Jan

1969
	Santa Barbara Channel, 18 mi off Santa Barbara, CA
	offshore marine
	Unocal

Well 21

Platform A 
	4,200,000
	crude
	Well blowout
	40 mi coastline oiled; 3,500 birds killed; shellfish, intertidal organisms impacted; seepage continued for months
	$20,930,000
	--
	unknown
	$3,000,000
	--

	Sep 1992
	Gulf of Mexico off Timbalier Bay, LA
	ocean
	Greenhill Petroleum production well
	687,000
	crude
	Well blowout
	80% oil burned; wetlands impacted; birds oiled
	USCG:

$1,695,942
	Federal assessment:

$131,650

State assessment:

$56,000

Damages:

$2,356,952
	--
	$56,411
	--

	Total
	
	
	
	4,887,000
	
	
	
	22,625,942
	2,544,602
	
	3,056,411
	


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999 (Continued)

	Impacts of Significant Oil Spill Incidents in US Waters (Pipeline)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Jan 1990
	Arthur Kill

New York, NY
	marine waterway

oil terminal area
	Exxon Bayway pipeline
	567,000
	No. 2 fuel
	Crack in pipeline
	Beaches, shoreline, marshland oiled; 700 birds, 31 mammals killed; 6-day shutdown of access to oil terminals; 23% oil recovery
	RP:

$23,119,020

Other RP costs:

$2,055,024


	City govt marsh restoration:

$1,412,830

Federal damages:

$12,265,925


	--
	$262,170
	Federal:

$6,421,950

	Mar 1993
	Potomac R.

Reston, VA
	river
	Colonial pipeline
	407,000
	No. 2 fuel
	Structural failure in pipeline
	48 mi2 river oiled; some wildlife, groundwater impact; 86% oil recovery
	RP:

$6,484,253

USCG/EPA:

$471,582

Other federal:

$212,212
	State restoration settlement:

$2,662,500
	Landowner claims settled out of court:

unknown amt.
	$288,970

Pipeline damage:

$5,895
	Civil fine:

$1,597,500

	Oct 1994
	San Jacinto R.,

Houston, TX
	river
	four pipelines
	1,616,000
	No. 2 fuel:

541,000

crude:

820,000

gasoline:

245,000

jet fuel:
10,000
	Flooding causing rupture of pipelines
	Oiled river, homes; 18% oil recovery
	RP:

$5,740,350

Federal:

$11,480,700
	--
	--
	$1,147,360
	--

	May 1996
	Oahu, HI
	coastal
	Chevron pipeline
	41,200
	No. 6 fuel
	Pipeline rupture
	Marsh, coastal habitats, historical area oiled
	USCG:

$1,677,302
	Federal assessment:

$653,400

Damages:

$1,796,850
	--
	$29,252
	State:

$108,900

	SubTotal
	
	
	
	2,631,200
	
	
	
	51,240,443
	
	
	1,733,647
	8,128,350


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999 (Continued)

	Impacts of Significant Oil Spill Incidents in US Waters (Pipelines Continued)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	May 1997
	Lake Barre

Cocodrie, LA
	bay
	Texaco pipeline
	276,000
	crude
	Pipeline rupture
	Shrimp and oyster fishing impacts; marshland oiled; 60 oiled birds; 50% oil recovery
	RP:

$7,794,500
	unknown
	Shrimp and oyster fishermen suit:

 unknown amount

Businesses:

$2.6 million
	$196,000
	--

	Subtotal
	
	
	
	276,000
	
	
	
	7,794,500
	
	2,600,000
	196,000
	

	Total
	
	
	
	2,907,020
	
	
	
	59,034,943
	
	2,600,000
	1,929,647
	8,128,350


	Impacts of Significant Oil Spill Incidents in US Waters (Onshore Facility)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Feb 1991
	Puget Sound, Anacortes, WA
	harbor

port
	Texaco Anacortes refinery
	210,000
	crude
	Pipeline rupture
	Birds, marshes, fisheries impacted
	RP:

$11,760,000

USCG:

$38,375

State:

$27,447

Total:

$11,825,822
	Damages:

$653,500
	--
	$81,400
	Federal:

$627,360

State:

$26,140

	Total
	
	
	
	210,000
	
	
	
	23,651,644
	653,500
	
	81,400
	653,500


Appendix C-2   Impacts of Significant Oil Spills in U.S. Waters from Major Spills 1976-1999 (Continued)

	Impacts of Significant Oil Spill Incidents in US Waters  (Source Unknown)

	INCIDENT
	IMPACTS

	Date
	Location
	Source
	Oil Spilled
	Cause
	Damages
	Costs (all costs in 2000 US$)

	
	Site
	Type
	
	Amount

gallons
	Oil Type
	
	
	Response
	Natural Resource
	Claims
	Lost Oil
	Fines

Penalties

	Nov 1997
	Point Reyes, CA
	Coastal

Vessel suspected
	mystery spill
	--
	unspecified oil
	Illegal discharge
	470 birds killed; 40 mi shoreline, marine sanctuaries, parks oiled
	USCG:

$522,383
	--
	--
	--
	--
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