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10 Samoset St. 
Plymouth, MA 02360  
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elise@nukaresearch.com 
 
Dear Ms. DeCola, 
 
 In March 2013, representatives of the Commonwealth of Massachusetts Department 
of Environmental Protection (MassDEP) contacted the Transportation Research Board (TRB) 
of the National Academies (TNA) and requested that it conduct an independent technical 
evaluation of the Buzzards Bay Risk Assessment (BBRA) that had been performed by 
Homeland Security Systems Engineering and Development Institute (HS SEDI).  TRB 
appointed a committee (see Enclosure B) and charged it with reviewing the scope, methods, 
and data of the BBRA.  (See Enclosure D for the committee’s statement of task.) 
 
 On August 5–6, 2013, the committee held a public meeting at TNA’s J. Erik Jonsson 
Conference Center in Woods Hole, Massachusetts, and received presentations from Nuka 
Research and Planning Group, MassDEP, the United States Coast Guard (USCG), and the 
MITRE Corporation’s HS SEDI federally funded research and development center.  At the 
meeting, the TRB committee’s statement of task, the HS SEDI statement of objectives for the 
risk assessment, and the BBRA itself were discussed.  The committee then held a series of 
closed-session teleconferences to deliberate.  The members of the committee are pleased to 
provide this letter report containing their review, findings, and conclusions.   
 
 This letter report, a brief document prepared over a short time, has been reviewed by 
a group other than the authors according to the procedures approved by a Report Review 
Committee consisting of members of the National Academy of Sciences, the National 
Academy of Engineering, and the Institute of Medicine. (See Enclosure A for a list of the 
reviewers.)  The format of this letter report is well suited to the task at hand in view of the 
urgency perceived by MassDEP in providing input that it can incorporate in response to the 
USCG advance notice of proposed rulemaking in the Federal Register (dated July 8, 2013) 
with respect to how best to enhance environmental protections and navigation safety outlined 
in the special Buzzards Bay regulations.  Specifically, USCG is considering revising current 
pilotage, escort tug, and Vessel Movement Reporting System Buzzards Bay requirements for 
barges carrying 6,000 or more barrels of oil or other hazardous materials.   
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In response to its statement of task, the committee found significant limitations with 

regard to the BBRA that bring into question its scope, methods, and data.  The committee 
believes that choices made in the formulation and execution of the study bring into question 
the conclusions of the risk assessment on technical grounds (e.g., use of a “change analysis” 
approach without clearly defining a base case, application of qualitative measures without 
defining the scales, reliance on experts who were neither independent nor representative of 
the expertise needed, failure to include any uncertainty or sensitivity analyses, and the “black 
box” application of economic methods).  Because of these concerns, the committee believes 
that the ranking of the risk mitigation options in the report (i.e., additional pilots, conditional 
escorting based on weather, and escorting at all times) are not justified and could be reversed 
with slightly different and more defensible methods or assumptions.  Policy decisions should 
not be based on this assessment. 
 
  
Sincerely, 
 

 
 
Paul Fischbeck, Chair 
Committee to Review the Buzzards Bay Maritime Risk Assessment 
 

 

 

 

 

 

 

 

 

 

Cc:  Richard Packard, MassDEP Oil Spill Prevention and Response Program
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Transportation Research Board 

of The National Academies 
 
 
 

Technical Peer Review of the 
Buzzards Bay Risk Assessment 

 

 

SUMMARY 

 
Over the past 72 years, eight maritime incidents in Buzzards Bay, the Cape Cod Canal, and the 

vicinity have resulted in significant oil spills and environmental impacts.  The most recent, the 

Bouchard B-120 spill in April 2003, resulted in the loss of 2,333 barrels of fuel oil.  These 

incidents have been the impetus for a number of activities at the state and federal levels to 

prevent and to respond to oil spills in the coastal waters of the Commonwealth of Massachusetts.  

Most recently, the United States Coast Guard (USCG) and the Commonwealth of Massachusetts 

Department of Environmental Protection (MassDEP) contracted Homeland Security Systems 

Engineering and Development Institute (HS SEDI), a federally funded research and development 

center of the MITRE Corporation, to conduct a risk assessment of Buzzards Bay and the Cape 

Cod Canal to identify risk mitigation measures that could be implemented.  This study is referred 

to as the Buzzards Bay Risk Assessment (BBRA). 
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At the request of MassDEP, the Transportation Research Board (TRB) of the National 

Academies (TNA) appointed a committee1 to undertake an independent technical review of the 

BBRA focusing on its scope, methods, and supporting data.  After a review of the document and 

other available background information, the committee met at TNA’s J. Erik Jonsson conference  

facility in Woods Hole, Massachusetts, to receive briefings from MassDEP, Nuka Research and 

Planning Group, USCG, the HS SEDI risk assessment contract team, and stakeholder groups 

who attended the meeting.  The committee then held follow-up closed-session deliberations.   

The committee believes that there are significant limitations with regard to the BBRA 

that bring into question its scope, methods, and data.  Although it recognizes the time and 

budgetary constraints imposed on the BBRA, the committee believes that choices made in the 

formulation and execution of the study bring into question the conclusions of the risk assessment 

on technical grounds (e.g., use of a “change analysis” approach without clearly defining a base 

case, application of qualitative measures without defining the scales, reliance on experts who 

were neither independent nor representative of the expertise needed, and the “black box” 

application of economic methods).  Because of these concerns, the committee believes that the 

ranking of the risk mitigation options in the report (i.e., additional pilots, conditional escorting 

based on weather, and escorting at all times) are not justified and could be reversed with slightly 

different and more defensible methods or assumptions.  Policy decisions should not be based on 

this assessment. 

  

                                                           
1 See Enclosure B for the committee roster and Enclosure C for biographical sketches of committee members. 
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1.  INTRODUCTION 

 
Study Objectives and Charge 

 
MassDEP requested that TRB conduct a technical peer review to evaluate the methodologies and 

conclusions of the BBRA.  The purpose is to help ensure that the results of the BBRA provide a 

sound basis for evaluating the current level of federal and state regulation for Buzzards Bay and 

the Cape Cod Canal (see Figure 1) and for determining whether USCG should make changes in 

the pilot and escort system requirements codified at 33 CFR § 165.100, including the special 

Buzzards Bay regulations [33 CFR § 165.100(d)], when it proceeds with new rulemaking.  The  

 

 

FIGURE 1  Map of Buzzards Bay and Cape Cod Canal.  (SOURCE: MassDEP 2013.)  
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technical review of the BBRA focuses on the following key questions posed by MassDEP: 

1. Is the scope of the analysis (type and extent of data gathered) sufficient to support the 

decisions that are being made on the basis of its results?  

2. Are the methodologies that are used appropriately applied to estimate the risk reduction 

benefits of each alternative?  (Note particularly conclusions based on the “change 

analysis” on page 70 and the conclusions based on the “what if” analysis on pages 71–73 

of the BBRA Final Report.)  

3. Do the data support the authors’ judgment and ranking of risk mitigation options?  

 

The committee held a 2-day meeting in Woods Hole, Massachusetts, in August 2013, 

during which it received briefings from the sponsor (MassDEP and Nuka Research and Planning 

Group, LLC), USCG, and the HS SEDI contract team and informal comments from stakeholder 

group representatives who were in attendance.  The briefings allowed the committee to hear the 

views and concerns of state and federal representatives and other technical experts and 

stakeholders with regard to the underlying assumptions, methodology, data, analyses, and 

processes that resulted in the conclusions presented in the risk assessment.  

Other than the briefings, the primary inputs to the committee’s effort were the BBRA 

conducted by the HS SEDI contract team (HS SEDI 2013); MassDEP Comments on the Draft 

Buzzards Bay Risk Assessment Version 0.6, dated November 20, 2012; MassDEP’s statement to 

the committee (MassDEP 2013); HS SEDI’s statement to the committee;2 the Department of 

Homeland Security, USCG, Regulated Navigation Area (RNA) advance notice of proposed 

rulemaking (USCG 2013); and information on change analysis (USCG n.d. b).  After the open 

                                                           
2 Author’s Statement for the National Academy of Sciences, Transportation Research Board, Review of the 
Buzzards Bay Maritime Risk Assessment.  MITRE Corporation, August 2013. 
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meeting and discussions, the committee deliberated in closed session and prepared this letter 

report outlining its findings and conclusions and the rationale that led to these conclusions.   

This letter report adheres closely to the committee’s statement of task (Enclosure D).  

The committee did not undertake a formal risk assessment, make specific recommendations as to 

what risk mitigation options should be implemented, or provide advice on techniques that must 

be used in future risk assessment studies.  By focusing on the three items in the statement of task 

and the BBRA as written, the committee does not intend to imply approval or disapproval of 

other methods or approaches that could have been taken.   

This letter report is organized as follows.  A brief history of the motivation for the BBRA 

is provided in the next section.  Each of the questions outlined in the statement of task (i.e., 

dealing with BBRA’s scope, methods, and data) is then discussed in the following three sections.   

 
 

Background of BBRA 

 
USCG is responsible for developing and implementing policies and procedures that support 

commerce, improve safety and efficiency, and facilitate dialogue within the maritime 

community, with the primary goal of making waterways as safe, efficient, and commercially 

viable as possible.  MassDEP is responsible for implementing laws and regulations concerning 

the prevention and remediation of oil spills in Massachusetts and its waters.  Although the 

overall goals of USCG and MassDEP appear to be aligned, the two organizations have taken 

different approaches to reducing the risks associated with oil barge traffic through Buzzards Bay 

and the Cape Cod Canal.  The different approaches led to a court case in January 2005, and 

litigation is ongoing.  The differences and court rulings are briefly summarized in the statement 

of objectives for the BBRA and are reviewed below. 
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The Buzzards Bay–Cape Cod Canal navigation route is a major throughway for tank 

barges transporting oil to parts of the Northeastern United States.  Since 1969, several tank 

barge groundings have resulted in the discharge of oil into Buzzards Bay, Massachusetts.  

Discharges of oil or other hazardous materials can adversely affect people, property, the 

marine environment, and the economy.  In 1985 Congress designated Buzzards Bay as an 

estuary of national significance.  Buzzards Bay also contains ecologically significant habitat 

for threatened and endangered species; serves as the location for sport and commercial fin 

and shell fishing; and provides valuable recreational uses that, among other things, promote 

tourism. 

 In 2004, the Massachusetts legislature enacted the Massachusetts Oil Spill Prevention 

Act (MOSPA) (as amended).  Currently, MOSPA requires (a) both single- and 

double-hull tank barges transporting 6,000 or more barrels of oil through Buzzards 

Bay and the Cape Cod Canal to hire a tugboat escort to accompany them, (b) vessels 

towing or pushing a single-hull tank barge through Buzzards Bay and the Cape Cod 

Canal to have at least one licensed deck officer or tow vessel operator serving 

exclusively as a lookout with no other concurrent duties during the transit, and (c) the 

presence of additional personnel on single-hull tank barges transporting oil through 

Buzzards Bay and the Cape Cod Canal.  (Mass. General Laws c. 21M, §§ 1, 4, 6.)   

 On March 29, 2006, USCG published a notice of proposed rulemaking (NPRM) to 

implement revisions to the RNA that was then applicable to First Coast Guard 

District waters.  The NPRM proposed to establish additional federal navigation, 

safety, and waterways management improvements on Buzzards Bay. 
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 On August 30, 2007, USCG published a final rule to implement the revisions that 

were proposed in the 2006 NPRM to amend the existing RNA for navigable 

waterways within the First Coast Guard District.  Navigation safety measures 

required by these regulations can be found at 33 CFR § 165.100.  The special 

Buzzards Bay regulations are codified in 33 CFR § 165.100(d)(5).  The amended 

regulations established a Vessel Movement Reporting System (VMRS); required that 

a federally licensed pilot, who is not a member of the crew, be on board all single-hull 

barges transporting oil or hazardous materials through Buzzards Bay and the canal; 

and mandated the use of tugboat escorts for all single-hull barges transporting oil and 

hazardous materials through the bay and the canal.  USCG prepared a categorical 

exclusion determination, as defined in its agency procedures for implementing the 

National Environmental Policy Act (NEPA), for the final rule.   

 In subsequent litigation, the U.S. Circuit Court of Appeals for the First Circuit found 

that this level of NEPA analysis and documentation was insufficient.  To correct the 

deficiency, USCG hired a contractor to perform the necessary NEPA analysis and 

issued a draft environmental assessment on July 18, 2012.  

 

Despite the completion of the draft environmental assessment, differences between 

USCG and MassDEP as to which risk mitigation options should be implemented remained 

(e.g., the use of federal pilots on tank barges, the use of an escort tug system, or some type of 

conditional escort tug system).   
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Description of the BBRA 

 
To clarify and focus the discussion between USCG and MassDEP on particular risk 

mitigation options of interest in Buzzards Bay, the two agencies commissioned HS SEDI to 

undertake a study of the technical risks and risk mitigation options associated with oil spills 

in Buzzards Bay and the Cape Cod Canal.  In particular, the parties were interested in 

evaluating the risk reduction benefits and any environmental, economic, or other quantitative 

or qualitative costs associated with the use of marine pilots and tugboat escorts for all vessels 

towing laden tank barges.3   

The study would also be used by USCG to support changes to the pilot and escort 

system requirements codified at 33 CFR § 165.100 [including the “special Buzzards Bay 

regulations” contained in 33 CFR § 165.100(d)] when it proceeded with a new rulemaking.4  

Specifically, the risk assessment report was to cover four main areas:5 

 

 An analysis of oil spill probabilities from double-hull tank barges operating in the 

Buzzards Bay RNA.  The analysis should consider, at a minimum, navigational safety 

risks, the effect of weather and environmental parameters on vessel safety, causal data 

from past incidents and oil spills, and published reports and data. 

 An analysis of the potential consequences of oil spills from double-hull tank barges 

operating in the Buzzards Bay RNA.  The analysis should consider, at a minimum, 

                                                           
3 The Northeast Ocean Data Working Group maintains and updates existing data sets and adds new data sets in 
response to the priorities of the Northeast Regional Ocean Council, including such ocean uses as vessel traffic 
patterns and marine transportation.  The vessel traffic patterns data include density data for different vessel types 
(cargo vessels, passenger vessels, tankers, and tug and tow vessels).  These data and maps are available at  
http://www.northeastoceandata.org/.   
4 The advance notice of proposed rulemaking was posted in the Federal Register on July 8, 2013.  See USCG 2013. 
5 See Enclosure F for a complete description of the statement of objectives for the BBRA contract between USCG 
and MassDEP and HS SEDI. 
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environmentally sensitive habitat and resources at risk, threatened and endangered 

species, seasonality associated with vulnerabilities, and limits to available oil spill 

containment and recovery techniques due to weather or environmental factors. 

 An evaluation of risk mitigation costs and benefits associated with a requirement that 

federally licensed pilots who are not also members of the crew be on board all double-

hull tank barges transiting the RNA.  The evaluation of mitigation measures should 

follow a recognized methodology. 

 An evaluation of risk mitigation costs and benefits associated with a requirement that 

escort vessels (tugboats) accompany all double-hull tank barges transiting the RNA.  The 

evaluation of mitigation measures should follow a recognized methodology.  

 

The original BBRA was completed on November 30, 2012, and a revision was released 

on January 22, 2013. 

The committee acknowledges the restricted budget and schedule6 allotted for the BBRA 

and the limiting contractual requirements of the tasking.  The remarks that follow take these 

constraints into account.  The committee does not try to identify minor errors or propose major 

new studies that would investigate barge operations from a much broader and more detailed (i.e., 

expensive) perspective.  Instead, this report highlights assumptions, choices, and model 

constructs of the BBRA that, if modified, would change the BBRA’s conclusions.  Some of the 

committee’s comments may be due to the document’s lack of transparency (e.g., the oil spill cost 

model is truly a “black box”).  Whether by design or because of constraints, the BBRA is 

                                                           
6 The period of performance for the risk assessment by HS SEDI was 3 months from the date of the task order 
award, which was August 13, 2012.   
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relatively short, and step-by-step details of some of the analyses are not present.  Thus, the 

committee believes that its comments are appropriate for the scope of the work. 

Although the organization of this report is based on the three items in the committee’s 

statement of task [i.e., questions of scope (Section 2), methods (Section 3), and data (Section 4)], 

many of the points raised below could easily be applied to multiple sections.  For example, is the 

inclusion of distant historical data that are of limited value to the current risk assessment a 

problem of scope, methods, or data?  It applies to all three.  Therefore, the reader should not 

compartmentalize the items into the three sections.   

 

2.   SCOPE 

 
The committee was tasked with determining whether the scope of the analysis (type and extent 

of data gathered) was sufficient to support the decisions that are being made on the basis of its 

results.  The committee believes that the scope of the BBRA was detrimentally limited in 

multiple ways:   

 The basic approach did not start with a hazards analysis.   

 A well-defined baseline case of existing conditions was never established.   

 For some parts of the assessment, the report included too much history (e.g., data to 

determine the frequency of spills), while for others, it was too restrictive (e.g., sufficient 

use was not made of the logs of available escort tugs).     

 There was little to no recognition of the underlying uncertainties.   

 

All of these choices led to potentially significant errors in the assessment and ranking of options.  

Examples of these scoping problems follow. 
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General Approach:  Starting Without a Hazards Analysis 

 
First, the committee believes that a different framing of the initial approach would have been 

beneficial in establishing the structure of the study and justifying the conclusions.  Generally, for 

assessments like this, a hazards (or root cause) analysis is undertaken to determine the 

underlying problems that are causing or creating the risks (e.g., weather, crew training, 

equipment malfunctions).  Groundings (or collisions or allisions) are not hazards; they are 

consequences of a failure (hazard).  A risk assessment estimates the likelihood and impact of 

each hazard.  With this understanding of the relative importance of the underlying hazards, the 

assessment helps to identify potential risk mitigation options (e.g., adding sensors to measure 

visibility in Buzzards Bay) and to determine the effectiveness of the selected options.  For which 

hazards would the additional pilot (or escort tug) provide a risk reduction?  Groundings, 

collisions, and allisions could all be caused by loss of power, a distracted captain, or something 

else.  When there is loss of power, how beneficial are additional pilots (or escort tugs)?  

Likewise, the selection of the event of concern (e.g., oil in the water) can limit the scope and 

robustness of the assessment.  The decision to start the assessment with the accident (e.g., the 

grounding) that results in oil in the water and not the cause (e.g., the loss of power) makes the 

risk assessment much more difficult and potentially much less reliable. 

 

Frequency of Spill 

 
The BBRA Executive Summary (page viii) states that the “risk of oil spills was not 

quantitatively determined for Buzzards Bay. . . .”  This statement is not entirely accurate.  
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Although only a qualitative assessment was used to determine the relative effectiveness of each 

mitigation measure in reducing the likelihood of a spill, a quantitative analysis was used to rank 

the measures on the basis of a calculated return on investment (ROI).  On the basis of historical 

statistics, oil spills were assumed to occur with a frequency of one spill every 9 years (Section 

5.1, page 41), and the cost of a spill was determined by assuming a representative heavy oil spill 

of 3,100 barrels or 130,200 gallons (BBRA, Section 7.1, page 85).  On this basis, the ROI and 

“payback in years” were calculated for various mitigation measures.  The committee believes 

that the approach taken in developing the probability of spill and the size of spill led to a higher 

spill probability and larger spill size than can reasonably be expected. 

Scarcity of accident and spill data presents challenges for any marine risk assessment, 

especially for tank barges that are limited in number and used principally in the United States.  

Common practice is to use national (or, if available, international) data to assess the probability 

and sizes of spills on a national or global level and then to use local data and qualitative 

assessment to adjust the probabilities to reflect local conditions.  In this study, the probability of 

a spill was determined from local data only.  Eight major spills have occurred in the Buzzards 

Bay region over the past 72 years.  On this basis, the study infers a 1 in 9 probability of an 

annual spill.  Although the report acknowledges that changes in oil transportation have resulted 

in improved tank barge safety, no effort was made to adjust this probability for current practice 

and technology.  The reasons behind improvements in tank barge safety since 1990 are 

multifaceted and include improvements in the following:  operations and management (e.g., 

American Waterways Operators Responsible Carrier Program), design (e.g., improved buckling 

strength of modern barges), regulation (e.g., double-hull requirements, which come into full 

effect in the United States in January 2015), technology (e.g., automatic identification system, 
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electronic charting), and waterways management (e.g., Vessel Movement Reporting System).  

To build the analysis on data that do not reflect the current situation is problematic. 

To put these improvements into perspective, trends for the number of spills and spill 

volume for all tank vessels (both tankers and tank barges) in worldwide trade are shown in 

Figures 2 and 3, respectively.  The data were collected by the International Tanker Owners 

Pollution Federation (ITOPF).  The ITOPF (2012) data for all tank vessels show a factor of 10 

reduction in the number of large spills (greater than 5,000 barrels) since the mid-1970s.  The 

total quantity of oil spillage is declining at an even faster rate, indicating that the average spill 

size for the larger spills is also declining. 

 

 

FIGURE 2  Number of spills from tank vessels worldwide, 1974–2012.  (SOURCE:  
Data are from ITOPF 2012.) 
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FIGURE 3  Oil spill volume from tank vessels worldwide, 1974–2012.  (SOURCE:  
Data are from ITOPF 2012.) 

 

There are similar trends for tank barges, though the data are noisier.  Figure 4 presents the 

historical spill data given in the August 2012 report of USCG and American Waterways 

Operators (USCG and AWO 2012).  As noted in the BBRA, there is a clear decline in the 

quantity of spillage, with no large spills in 2007, 2009, or 2010.7  As described above, there are 

many reasons for this decline, including the transition of the fleet to double-hull vessels.  In 

accordance with the National Research Council (NRC) study on double-hull tankers (NRC 

1998), this feature alone was expected to reduce the quantity of spilled oil by approximately a 

factor of 4. 

                                                           
7 A large spill is defined as 5,000 barrels or more. 
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FIGURE 4  Oil spill volume (gallons) from tank barges in U.S. waters, 1994–2012 
(42 gallons is equivalent to 1 barrel).  (SOURCE:  Data are from USCG and AWO 
2012.)   

 

Spill volume can fluctuate significantly from year to year, since most oil spillage comes 

from a few large spills.  Regraphing of the data presented in the BBRA report (Figure 18, page 

34) shows how significant the frequency trends have been.  Figure 5 shows the trends for the 

number of casualties8 involving barges and the number of spills from both casualties and 

noncasualties.  The values have been indexed, with the 2001 values set to 1.00 so that relative 

trends can be clearly seen.  Although there has been little to no change in the annual number of 

casualties, the number leading to oil in the water has dropped significantly.  In just 10 years, the 

number of spills has dropped more than 75 percent.   

 

                                                           
8 Throughout this report, for consistency with the definition used in the BBRA report, casualty refers to four types of 
events that can lead to an oil spill—grounding, powered grounding, collision, and allision. 
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FIGURE 5  Relative casualty and spill frequency trends, with 2001 values 
indexed at 1.00.  (Data are from Figure 18, page 34, of HS SEDI 2013.) 

 

Thus, one can conclude that the spill frequency estimated for the Buzzards Bay region, 

one spill every 9 years on the basis of a 72-year history, significantly overestimates spill 

probability.  The figure should be reassessed, with the trends in large spill frequency for tank 

barges being taken into account.  To estimate the cost of the representative spill, the Bouchard B-

120 spill volume was applied.  This spill of approximately 2,333 barrels (98,000 gallons) (Costa 

2013) did not involve a double-hull barge and is larger than the total spill volume from all tank 

barges operating in the United States for 4 of the past 5 years.  Use of this spill likely leads to an 

overestimation, and the representative spill should be reassessed on the basis of actual tank barge 

spill-size statistics, with adjustment for the further reduction in average spill size expected for 

double-hull tank barges. 

How a more accurate assessment of the frequency and size of oil spills will affect the 

ranking of risk mitigation options in the BBRA is not immediately clear, but it will certainly 

reduce the expected damage from spills (i.e., reduce the potential “benefit” of all the options).  
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This, in turn, will affect the cost–benefit calculations that are used to justify the options.  As 

written, the probability and spill-size estimates are not applicable to the risk assessment.   

 

Failure to Establish an Operational Baseline for Comparison 

 
The change analysis used as the primary tool for evaluating the alternatives requires a well-

defined baseline against which to measure change.  However, change was not measured against 

such a baseline.  Current operations involve only a small number of single-hull barges (less than 

2 percent of the transits), and single-hull barges will be eliminated in the next 15 months.9  Yet in 

some parts of the BBRA, the baseline chosen appears to assume no double-hull barges.  A far 

more useful assumption would have been that only double-hull barges were in operation (as was 

requested in the original tasking given to HS SEDI).  The ramifications of this choice will be 

discussed in the next section. 

Investigation of details of existing operations could have provided information for 

evaluating the risk mitigation options.  For example, what percentage of operations occurs during 

adverse weather conditions?  The study provided the percentage of days that had poor weather, 

but how did the weather affect operations, and for how many hours?  The existing practice of 

closing the bay and canal to traffic in the event of extreme weather conditions, “closure 

conditions,” was not in the baseline case, nor was it addressed as a risk reduction measure.  In 

the transition to double-hull barges, have the size and frequency of barge operations changed?  

Are double-hull barges larger?  Do they perform better in rough seas?  Understanding the 

answers to these types of questions is fundamental for the assessment. 

                                                           
9 Double-hull tank barge requirements become fully effective in January 2015, in accordance with the Oil Pollution 
Act of 1990.  Report on the Implementation of the Oil Pollution Act of 1990.  
http://www.uscg.mil/npfc/docs/PDFs/Reports/osltf_report.pdf. 
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A similar problem occurs with the analysis of escort tug operations.  Since January 2011, 

the Commonwealth of Massachusetts has imposed the requirement that an escort tug be used for 

all oil barges, both single and double hull, transiting Buzzards Bay and the Cape Cod Canal.  

There is a fairly well-documented record of escort tug activities and their interventions from 

January 2012 through September 2012, which creates a reasonable baseline time history for 

escort service in Buzzards Bay.  An operations hazards analysis was not conducted on this 

history to determine an existing risk profile.  Without establishing and understanding this 

baseline, changes to it are difficult to justify on the basis of the change analysis alone as 

described in the BBRA.  This is especially problematic since some of the options being evaluated 

will reduce the level of safety present in current operations (e.g., changing from escort tugs for 

all transits to conditional tugs used only in adverse weather).  Such a possibility was not 

considered. 

The operational risk reductions to human error provided by the presence of an escort tug 

and its crew and skipper were underrecognized.  They were mentioned in the “what if” analysis 

and in the BBRA report Executive Summary but had no influence in the ranking exercise.  While 

there was much discussion of the risk reductions afforded by a pilot in the wheelhouse of the 

primary tug providing a “second set of experienced eyes,” little credit was given to the presence 

of another skipper in an escort tug that meets state qualification standards and that has a different 

and potentially independent vantage point (being a separate vessel).   

It was recognized that occasionally the escort tug was called on to assist the primary tug 

in the handling of the barge, without direct evidence of a hazard.  These events reflect the natural 

behavior of a primary tug skipper:  “Hey, escort tug, as long as you are here, how about giving 

me a hand.”  While this may be categorized as simple convenience, significant risk reduction is 
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realized from the behavior and the resulting operation that was not considered in the scope of the 

analysis.  These issues are discussed in detail in the next section. 

Once again, a reframing of the base case that more accurately reflected current operations 

by including double-hull barges and escort tugs could change the rankings of the risk mitigation 

options recommended in the BBRA. 

 

Lack of Uncertainty or Sensitivity Analyses 

 
In any risk assessment that attempts to understand the effects of changes in operational 

procedures for a complex system such as oil barge operations in Buzzards Bay, uncertainty will 

permeate multiple aspects of the analysis.  Trying to model future vessel traffic patterns, weather 

events, and human factors of pilots and ship captains is extremely difficult, and any analysis 

must acknowledge the underlying uncertainties.  Estimates with regard to how effective a 

particular risk reduction option will be are subject to even greater levels of uncertainty.  How 

these uncertainties will affect each of the options will vary but must be understood in evaluating 

the final option ranking.  There is no discussion of the uncertainties involved in the assumptions, 

data, or models or of their impact on the final results. 

 

Inconsistent Risk Mitigation Options 

 
The decision to include the transition to double-hull barges as one of the risk mitigation options 

and not include it in the base case condition greatly complicated the ability to draw clear 

conclusions from the assessment.  Likewise, the option of using an escort tug only in adverse 

weather was not identified for consideration in the initial task statement.  Justification for adding 
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this as an option is lacking, particularly since there are no other adverse-weather-only escort tug 

operations in this country and none that the committee is aware of internationally.  Sentinel tugs, 

in some applications, are deployed only in adverse weather; however, escort tugs typically escort 

at all times. 

Given that the adverse-weather-only tugs option was included in the set of options to 

consider, the assessment did not even begin to discuss the complexities associated with 

implementing such a service.  The report does not define what constitutes “adverse weather,” but 

the criteria appear to be winds greater than 25 knots and visibility less than 0.5 mile.  No 

thresholds were indicated for waves; they were not analyzed.  Rules for determining when 

adverse weather conditions exist (based on some combination of weather-related variables) are 

not trivial.  Human judgment will be relied on, and hard thresholds can be arbitrary (e.g., winds 

of 24.5 knots are not adverse, but winds of 25 knots are).  Clearly, the ability to predict adverse 

weather conditions so that qualified escort tugs can be scheduled will be critical.  A working 

group is being established to discuss options for setting weather thresholds and to investigate the 

associated standby costs for these tugs, but the cost–benefit calculation presented in the BBRA 

appears arbitrary and questionable given economic realities.  Modeling a standby escort system 

that assumes deployment of escort tugs to a specific barge under tow when the weather 

deteriorates to a certain level and then predicting the risk reduction of such a system will be 

difficult because there is no historical basis or guideline to rely on; to the committee’s 

knowledge, it has not been tried before.  There is a precedent for modeling the deployment of 

rescue tugs with weather deterioration, and some risk evaluation techniques used in those models 

may be applicable to this situation (Scalzo n.d.; Scalzo 1993; Scalzo and Hogue 1996).  Because 
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of the novelty of this option, estimates of the costs and benefits must include associated 

uncertainties.  

In addition, some of the options evaluated are assessed relative to other options.  For 

example, “require a sentinel or response tug in lieu of an escort tug” does not evaluate the 

improvement relative to the base case (single-hull fleet, no escort tugs, and no additional pilots) 

but to a case in which escort tugs are in operation.  Likewise, “require FiFi1 firefighting 

capability for escort or sentinel tugs” is conditional on having the tugs in operation.  There is no 

way to untangle these options. 

 

3. METHODS:  ANALYTIC PROCEDURES USED IN THE BBRA 

 
The committee was tasked with determining whether the methodologies used in the BBRA 

(“what if” and “change analysis”) were appropriately applied in estimating the risk reduction 

benefits of each alternative.  The committee believes that though the methods could have 

provided the necessary analysis to evaluate the risk mitigation alternatives under consideration if 

they had been applied properly, decisions made in the methods’ implementation bring the 

BBRA’s conclusions into question:  

 The BBRA change analysis deviated from the prescribed USCG guidelines in 

significant ways.  

 The BBRA used an environmental damage–cost model that was designed for 

freshwater spill events to evaluate saltwater spills. 

 The change analysis as implemented relied on poorly defined and incorrectly elicited 

categorical factors. 
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 Although many of the most critical model inputs were highly uncertain, none was 

subjected to sensitivity or uncertainty analyses. 

 

These decisions will be discussed in detail in this section. 

The BBRA refers to three main analytic tools for its assessment of risk mitigation 

options:  change analysis (Section 6.2 of the BBRA report), what-if analysis (Section 6.3 of the 

report), and cost analysis (Section 7 of the report), with the change analysis being central to the 

study.  The change analysis is used to develop a risk-scoring protocol that informs both the 

assessment of individual management measures’ ability to reduce risks and an overall cost–

benefit analysis that compares quantified benefits of risk reduction with the costs of 

implementing the associated risk reduction measures.  The committee finds the risk-scoring 

system problematic.  

Change analysis is a technique promoted by USCG that appears to have been developed 

for application in situations where distinct changes in “normal” conditions increase risks in 

predictable ways (i.e., ways in which the likely sources of risk associated with the changed 

conditions are well understood).  The illustrative example in the USCG online change analysis 

tutorial (USCG n.d. b) concerns planning for a “tall ships” regatta that is expected to bring many 

spectators in small boats into the harbor where the event will be staged.  The worked example in 

the guidelines is, by construction, narrower in scope and simpler in complexity than the Buzzards 

Bay problem, which may explain some of the methodological departures taken by the BBRA; 

real-world problems are harder.  The greater complexity of the Buzzards Bay question perhaps 

accounts for some of the departures in the change analysis done in the BBRA compared with 

procedures and examples provided in the associated guidance document [e.g., the confusing use 
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of positive or negative values in “impact scores” in the BBRA (Table 14 in the BBRA report) as 

compared with USCG’s guidelines, where all scoring is based on more straightforward and 

easily understood positive-value scaling].  

The change analysis procedures are detailed step-by-step in the USCG guidelines.  As 

described there, change analysis makes extensive use of another procedure detailed in the chapter 

in the guidelines dealing with preliminary risk analysis (PrRA) (USCG n.d. a).  PrRA is a suite 

of mixed quantitative–qualitative methods that lead to the calculation of risk index numbers 

(RINs) tied to specific hazards and measures to address them.  RINs are calculated in such a way 

as to make them “proportional to the expected equivalent loss in dollar per year loss” (USCG 

n.d. a, 18), thereby facilitating evaluation of risk reduction benefits relative to the costs of 

implementing the measures to address the risks. 

This approach to cost–benefit estimation, while highly dependent on the RINs being 

proportional to expected equivalent dollar losses as stated above, has the advantage that “apples-

to-apples” comparisons of expected benefits with implementation costs of various risk reduction 

measures are relatively straightforward.  In addition, inherent uncertainties as to the ability of the 

proposed measures to reduce risks can be reflected in upper- and lower-bound estimates for the 

RINs and the economic benefits of implementing the measures.  It is instructive to compare the 

final figure in the illustrative example in the PrRA tutorial (USCG n.d. a, 29) with Figure 33, 

“Mitigation Costs vs. Spill Cost” (page 86), at the end of the cost analysis section of the BBRA 

(see Figure 6).  Figure 33 in the BBRA report suffers both from not showing any measure of 

uncertainty and from a mixing of annual costs with the costs of a single large-spill event.  The 

BBRA figure cannot be used to assess the viability of the alternatives. 
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Subjecting prospective risk reduction measures to cost–benefit analysis (monetized value 

of risk reduction benefits compared with implementation and other costs associated with the risk 

reduction measures) is common to many risk assessment approaches, for example, the 

International Maritime Organization’s Formal Safety Assessment (TRB 2008).  Step 5 of a 

typical PrRA is to evaluate the benefit of risk reduction recommendations.  

 

 

FIGURE 6  Comparison of two approaches for displaying the results of a change analysis:  (A) 
example from USCG manual and (B) results of the BBRA. 

 

The BBRA can be said to constitute a hybrid change analysis in that it generally follows 

the recommended steps but takes a different, more qualitative and less well-grounded, approach 

to developing the required elements.  It does not use PrRA per se.  In the guidelines, accidents 

are characterized according to their severity levels (with outcomes in terms of specific levels of 

deaths and injuries and environmental and economic impacts the determinants of each level, 

“minor,” “moderate,” and “major”) and their frequencies of occurrence (via numerically scaled 
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likelihoods of occurrence).  Incident frequencies are scored according to their (subjectively 

estimated) likelihood of occurrence, on a 9-point scale in the guidelines example.  “Incredible” 

incidents are those judged by experts to have less than one chance in 100,000 of occurring in 9 

years (0 on the scale); “continuous” incidents are those judged to occur 100 or more times per 

year (8 on the scale).  While those using the PrRA approach are encouraged to “make higher 

level, subjective assessments of the overall frequency of each accident occurring and resulting in 

a specific severity level” (USCG n.d. a, 16), their valuations are aided by defined anchors and 

scales, in apparent contrast to the corresponding valuations in the BBRA. 

As noted above, the change analysis methodology depends on the analyst being able to 

define a clear base condition and distinct departures from that base.  This is not so simple in the 

BBRA, as illustrated in Table 13 of that report (page 60).  Here, realities appear to dictate that 

the base condition itself incorporate projected change that is difficult to assess in terms of its 

additional safety benefits, namely the mandated conversion of the entire barge fleet to double 

hulls by 2015.  Concurrently, the potential effects of the six possible departures from current 

conditions presented in the table (each a proposed risk mitigation measure) are not simple to 

assess.  For one thing, implementing multiple risk mitigation options introduces uncertain 

interaction effects.  Although uncertainties clearly exist throughout the BBRA in the details of 

the analysis, uncertainty receives scant formal attention compared with the approach 

recommended in the guidelines. 

The limitations discussed above no doubt hobble many applications of the recommended 

change analysis approach.  The defenses against these limitations implied by the tutorial (USCG 

n.d. b) are to define as clearly as possible points of comparison that render the change being 

analyzed as unambiguous as possible and to rely on rich sources of expertise to judge effects 
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with and without the risk reduction measures being examined.  Such defenses appear to have 

been difficult to achieve in the BBRA study given the complexity of the underlying situation and 

the limits in time and financial resources.  

 

Cost Analysis in the BBRA:  Additional Considerations 

 
As noted above, the BBRA’s cost analysis is intended to facilitate weighing the risk reduction 

benefits of the various mitigation options analyzed against their costs of implementation, with 

the estimated savings due to the avoided costs of spills being taken into account.  Such a 

calculation requires an estimate of the changes in both frequency and severity of accidents that 

would result from implementation of the mitigation measures, a product of the report’s change 

analysis element (BBRA, Tables 19–24).   

The cost estimation in the BBRA relies on table lookup values developed by Etkin (2004) 

and presented in a conference report (referenced in the BBRA, footnotes 4 and 83).  Tables in the 

conference report provide highly differentiated values for per gallon costs of response by various 

measures, further differentiated by oil type.  Similarly, the tables give “socioeconomic base per 

gallon costs,” which are further categorized into socioeconomic and environmental per gallon 

costs as well as additional per gallon “environmental costs.”  Values taken from these tables 

were used to build the cost estimates in the BBRA report (Section 7, Cost Analysis). 

The cost estimates were generated via “custom modification of a proprietary model” 

developed for the U.S. Environmental Protection Agency (EPA) for estimating spills at its 

regulated facilities of freshwater systems.  The model was not intended for estimating the costs 

of individual spill incidents; too many variables need to be taken into consideration for specific 

spills.  The Oil Spill Response Cost-Effectiveness Analytical Tool (Etkin and Welch 2005) 
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allows for more user-defined inputs on spill and location specifics and includes improvements in 

estimating costs when the number of events on which they are based is limited.  NRC’s Marine 

Board study on evaluating double-hull design alternatives (TRB 2001) took a much different 

approach and assumed that damages would be linearly related to spill-size metrics.  Thus, the Oil 

Spill Response Cost-Effectiveness Analytical Tool (Etkin and Welch 2005) and related cost tools 

that were used in the Marine Board study (TRB 2001) might be better suited for this application.   

In view of the above, the spill response and damage cost model used is not directly 

applicable to the risk assessment study in Buzzards Bay.  Because of the “black box” and 

proprietary nature of the model, whether the values extracted from the model are upper or lower 

bounds cannot be determined.  The model is said to quantify only “relative damage and cost for 

different spill types” (emphasis in original), though the paper, like the BBRA report, provides 

point estimates in dollars in the associated tables without further qualification.  

The BBRA gives a good overview of sources for cleanup and environmental cost 

information for oil spills.  The introduction to Section 7 of the BBRA, citing a different Etkin 

conference report, notes that listings of per unit costs do not begin to capture the complexities 

involved in determining the costs associated with actual spills.  But the report then appears to 

agree with the Etkin paper that the difficulty lies in having to resort to just “one universal per-

unit cost” rather than having many differentiated values.  The underlying basis for any of the unit 

costs listed is not elucidated in either study. 

The idea of attaching precise dollar estimates to “socioeconomic base per gallon costs,” 

as is done in the underlying reference document, is not consistent, in an obvious way, with 

current economic thinking on environmental injury and its effects on human well-being.  

Economists generally look at environmental injury in terms of its welfare impacts, relying on the 



 

28 
 

concept of total economic value (TEV).  TEV is typically decomposed into use and nonuse 

values associated with environmental resources, which are further differentiated into a number of 

other types of values that are much discussed in the resource economics literature (e.g., option 

and bequest value).  In standard neoclassical economics, TEV is central to the measurement of 

changes in human well-being associated with environmental injury or with policy interventions 

aimed at mitigating such harm (OECD 2006, Chapter 6). 

The number of gallons of oil spilled, even differentiated by oil type and sensitivity of the 

receiving environment as in the reference report (Etkin 2004), is not likely to be the dependent 

variable that economists would choose in developing estimates of the welfare changes associated 

with an oil spill.  Gallons spilled and per gallon costs of spilled oil are used as proxies for 

economic damages in some instances [the Washington Oil Spill Compensation Schedule10 

(WCS) prominent among examples].  In the case of the WCS, however, the costs per gallon 

really are relative costs, scaled by state statute to fall between $1 and $100 per gallon.  Cost 

modifiers from Etkin (Tables 4 and 5) are also used in the BBRA.  They are more convincingly 

justified in Etkin’s report, where Table 5 makes the case for the ordering of the cost modifier 

values, albeit not the specific value differences that separate the various classes.   

Finally, the BBRA’s cost analysis culminates in Figure 33 (page 86), “Mitigation Costs 

vs. Spill Cost.”  This figure is shown in Figure 6 and is misleading.  Unlike the equivalent figure 

in the PrRA guidance document, it compares apples to oranges (see discussion above).  Despite 

many qualifiers given elsewhere in the BBRA, the figure treats the total cost to the responsible 

party of the Bouchard-120 spill as a cost that occurs with a 9-year expectation.  How these costs 

                                                           
10 “The [Washington State] Oil Spill Natural Resource Damage Assessment process (WAC 173-183) uses a 
compensation schedule to calculate the monetary amount of damages a spiller must pay to the state for resource 
restoration following an oil spill.  The process allows for the reduction of the monetary damage amount based on 
actions of the spiller.”  See https://fortress.wa.gov/ecy/publications/publications/ecy05049.pdf for more information. 
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relate to changes in welfare associated with the spill is not explained.  Similarly, the true costs to 

society of future mitigation policies require analyses that were not done in this report.  The 

values illustrated appear to be marginally related to the preceding analysis, and the BBRA’s 

approach to cost estimation, detailed above, does not generate confidence that costs and benefits 

have been accurately estimated.  An approach that can generate upper and lower bounds for 

estimated costs and benefits would be preferred to what was done in the BBRA (e.g., the 

example from the USCG manual shown in Figure 6).  

 

Construction of the Overall Risk Scores 

 
Categorical scoring methods and ordinal scales were applied in the BBRA and are not 

uncommon as a means of conducting a risk assessment without a formal probabilistic analysis.  

Their popularity is due to their ease of use and apparent effectiveness in solving assessment 

problems when data are sparse or hard to interpret.  However, significant concerns are associated 

with their use (Hubbard 2009; Hubbard and Evans 2010).  In fact, the validity of these methods 

has rarely if ever been verified.  Organizations are not set up (motivated) to track the accuracy of 

such analyses, especially when they are applied to risk assessments involving low-probability, 

high-consequence events (as is the case with oil spills in Buzzards Bay).  Aside from limitations 

of the general approach, the way that the categorical and ordinal scales were used in the BBRA is 

problematic, as summarized below. 

The method used in the BBRA to determine the risk reduction benefit of each mitigation 

option (e.g., adding pilots or escort tugs) involves a multiplicative model with three ordinal-

scaled factors: impact score, frequency score, and severity score.   
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 The impact score has seven possible values (–5, –4, –3, 1, 3, 4, and 5), with negative 

scores indicating a decrease in the frequency of a risk event; 1 indicating no change in 

frequency; and 3, 4, and 5 indicating an increase in frequency.  The reasons for this 

spacing of values and why “no change” was given a +1 score are unclear.  Whether a –2 

decreases the frequency as much as a +2 increases the frequency is not known.  

Descriptions of the meaning of each value were not given.  The values were based on 

assessments from “experts.”  

 The frequency score uses values 2 or 3 and was determined by the historical frequency of 

drift groundings, powered groundings, collisions, and allisions.  However, the mapping 

from historical frequency to frequency score is not obvious.  Powered groundings, which 

were responsible for 13 percent of the casualties in the data set, were given frequency 

scores of 2, while allisions, which were responsible for 34.8 percent of the casualties, 

were given scores of 3.  Thus, even though allisions were over 2.6 times more likely, they 

were given a score that was only 1.5 times larger.  This unsupported mapping could 

easily affect the rankings of options. 

 The severity score uses three categories (major, moderate, and minor), with scores of 5, 

3, and 1, respectively.  Major severity is defined as having the economic impact of a spill 

exceeding $5 million, moderate is between $10,000 and $3 million, and minor is between 

$100 and $10,000.  Values were assigned to each of the four casualty types by the 

historical average spill size (though the units are not given).  The nonlinear rescaling of 

average values into three categories is troublesome, especially when no uncertainty 

analysis is done.  The average values can be dramatically affected by one or two rare 

large-spill events.  Since there was no attempt to indicate the range of spills associated 
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with each casualty, all collisions are scored as “major” or 5, all powered groundings and 

allisions are scored as “moderate” or 3, and drift groundings are scored as “minor” or 1.   

 

The three factors are then multiplied to compute a “total risk score” for each risk 

mitigation option for each type of casualty; negative scores indicate a risk reduction and positive 

scores indicate either no change in risk or an increase.  The product of the three factors results in 

values ranging from +10 (for the “require sentinel or response tug in lieu of escort tug” option) to 

–50 (for the “require a pilot on all laden barges” option).  Some of the resulting total risk scores 

are curious.  For example, putting FiFi1 firefighting equipment on the tugs would greatly reduce 

the risk for collisions (–30) but would result in a positive value for allisions (+9).  (Because “no 

change” in frequency is scored at +1, the value of +9 does not imply an increase in risk.)  For all 

other options, there is little difference between the option’s effectiveness in collisions and 

allisions. 

Because of the wide intervals that define the frequency and severity scores, the ordinal 

ranking of their product is not assured.  A “high” 2 for frequency paired with a “high” 5 for 

severity could in reality be worse (higher risk) than a “low” 5 for both, though the methods used 

would show a clear difference in the other direction.  Relying on average values to set the 

category boundaries and having wide intervals of several orders of magnitude create identifiable 

problems for ranking options. 

To evaluate each option, the total risk scores for each casualty are summed to yield an 

overall risk score.  These scores range from –18 for the “require sentinel/response tug in lieu of 

escort tugs” option to –134 for requiring an additional pilot.  The scores are then color coded to 

indicate a preference ordering.  The –134 is given a color different from that of the –120, which 
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the “switch from single to double hull” option received.  Adding four multiplicative scores to 

achieve a single overall score is questionable (e.g., positive numbers of undetermined value are 

canceling negative numbers of equally undetermined value).  Furthermore, in view of the 

uncertainties inherent in the model’s data and assumptions, whether there is a meaningful 

difference between overall risk scores that are separated by 10, 20, 30, or even 40 units is 

unclear. 

The approach has another problem.  In the calculation of the total risk score, the various 

risk mitigation options only affect the impact scores; the frequency and severity scores do not 

change across the options.  Thus, changing the barge fleet from 100 percent single hull to 100 

percent double hull will not change the severity of a spill from a powered grounding (i.e., it is 3 

in either case).  This is wrong and misleading.   

As a side note, this approach does not permit an evaluation of the effectiveness of 

multiple risk mitigation options.  The study cannot answer questions such as the following:  If 

additional pilots and double-hull barges were mandated, what risk reduction would be achieved?  

This combination (or one with escort tugs too) is likely to occur, but the BBRA did not assess the 

risk reduction that would occur (though a stylized graph, Figure 29 on page 57, implied that it 

had been).  Combining two options could have benefits that are greater than (or less than, or 

equal to) the sum of the benefits of the two options taken individually.  On the basis of the 

methods described in the BBRA, evaluation of a combination of risk mitigation options would 

require a new assessment from the experts of the joint benefit of the two options.  Assuming 

independence and additivity of risk reduction benefits is not justified. 
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Flawed Expert Judgment Elicitation Protocol 

 
Since the impact score is the only source of an “effectiveness” or risk reduction measure for each 

option, its value is critical to the analysis and requires solid justification.  Unfortunately, this 

value was the only one that relied completely on expert judgment, and the expert elicitation that 

was done was not documented and appears not to follow any of the accepted protocols—for 

example, those of the Nuclear Regulatory Commission11 or EPA12 or those concerning oil spill 

risk (TRB 2008). 

Steps for selecting a relevant set of subject matter experts needed for the analysis, 

training the experts, and determining the level of agreement across the experts are not 

documented and may not have occurred.  The actual assessment used scales (–5, –4, –3, +3, +4, 

and +5) that were not defined.  The use of the report’s authors as the experts may be 

understandable in view of budgetary constraints, but it raises questions of bias.  The number of 

escort tug operators who were interviewed and used in the assessment of the critical impact score 

is not presented.  Interviews of the skippers of the Buzzards Bay escort tugs or interviews of 

skippers from one of the tanker escort systems in California, Washington, or Alaska would have 

added credibility to the analysis, would have provided perspective on the escort tug’s ability to 

reduce risk, and most likely would have influenced the recommendations.   

The problem that this exclusion (or limited use) of tug operations experts causes is 

evident in the values shown for the risk mitigation options that involve tugs.  In the change 

analysis (Section 6.2), two escort tug options were evaluated:  (a) requiring an escort tug at all 

times and (b) requiring an escort tug only in “adverse weather conditions or when determined 

                                                           
11 Branch Technical Position on the Use of Expert Elicitation in the High-Level Radioactive Waste Program 
(NUREG-1563).  http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1563/. 
12 Expanded Expert Judgment Assessment of the Concentration–Response Relationship Between PM2.5 Exposure and 
Mortality.  http://www.epa.gov/ttn/ecas/regdata/Uncertainty/pm_ee_report.pdf. 
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necessary.”  The impact scores (as well as the frequency and severity scores) that are used to 

develop the risk reduction rankings are identical for the two escort tug options.  According to this 

assessment, there are no risk reduction benefits for escort tugs in any weather other than 

“adverse.”  This is obviously wrong.  In fact, the escort tug activity log shown in Table 12 (page 

44) of the BBRA provides direct evidence to the contrary.  In the table, 38 instances of escort tug 

support in a 9-month period are described, and only 45 percent of the instances are attributed to 

adverse weather (i.e., the majority of instances when escort tugs were asked to assist occurred 

during fair weather).   

In the “summary risk score” table, the two escort options were not listed separately.  

However, the two options do appear in the summary chart in the Executive Summary, with text 

discussing some undocumented stakeholder conversations.  The full-time escort ranks over the 

adverse weather escort.  Ultimately, the adverse weather escort was recommended because of 

presumed cost-effectiveness. 

 

Summary of Methods Discussion 

 
How correcting each of the problems noted above would affect the final ranking of options is 

unclear, but obviously there is no “quick fix.”  Following existing guidelines for expert 

elicitation, devising a scoring scheme that does not conflate additive and multiplicative models, 

allowing risk mitigation options to affect both the frequency and the severity of a spill, and using 

a cost model that is not a “black box” are all necessary improvements.  Unfortunately, each 

requires a careful reformulation of the entire approach.  For example, given the current model 

formulation and scale values, if a risk mitigation option decreased both the frequency (with a 

larger negative value) and the severity of a spill (with a smaller positive value), it would appear 
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less effective (have a smaller negative total risk score) than an option that only decreased the 

frequency.  To prevent such illogical results, careful thought must be given to the use of scales 

that span both negative and positive values and to a three-factor, multiplicative model.  

 

4. DATA 

 
The committee was tasked with determining whether the data analyzed support the authors’ 

judgment and ranking of risk mitigation options.  The committee believes that several data sets 

were used inappropriately, which in turn led to overconfidence in the BBRA’s conclusions.  

Much of the problem is attributable to the BBRA trying to take a middle road between a full-

fledged probabilistic risk assessment and a purely qualitative approach.  The motivation for 

doing so is understandable, but achieving such a middle road is difficult.  The mixed approach 

leads to examples in which underlying data are handled in inconsistent and questionable ways.  

In addition, several calculations were based on misconceptions of probability models. 

 

Errors in Probability Calculations 

 
To complete the cost–benefit analysis, obviously both the costs and the benefits must be 

quantified (refer to Figure 6).  As has been demonstrated, this necessitates the calculation of the 

probability of spill, the cost of a spill, and the cost of the risk mitigation options, all of which 

were assessed in the BBRA with suspect approaches.  The committee believes that there were 

sufficient data to make reasonable estimates of these values provided that underlying 

uncertainties were accounted for.  In addition, the choice of the years-between-spills metric (or 

its inverse, spills per year) is problematic.  To account for changes in the number of transits or 
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the amount of oil shipped per year, more useful metrics would be oil spill volume per transit (or 

per volume of oil transported).  Though it is used in critical calculations, the 9-years-between-

spills estimate is not applicable to this risk assessment.  

A similar lack of rigor (in fact a case of misuse of risk methods) can be found in the 

calculation of human error probability associated with powered grounding (Section 5.2).  The 

report uses a fault tree of possible decision points and attempts to estimate the probability of 

error in any given decision by counting the number of basic events and logic gates in the fault 

tree, treating it as the number of opportunities to make an error by the pilot (Section 5.2.1).  The 

report then uses the reciprocal of that number as a probability of human error.  This represents a 

major misunderstanding of the concept of fault trees, the meaning of basic events and logic 

gates, probabilistic concepts, and above all methods for human reliability analysis.  The report 

states the following: 

 

The addition of an independent pilot further reduces the risk of any error in 

decision-making.  As an independent variable, the probability of simultaneous 

errors by the master and pilot are multiplicative.  If the decision tree 

represented all decisions during a transit (which it obviously does not), the 

probability of error from a single operator is 1/17.  When the independent 

pilot is inserted, the probability of both operators committing the same error, 

is 1/17 * 1/17, or 1/289.  This results in a risk probability reduction from 5.9 

percent to 0.35 percent. 
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Virtually everything in this approach is wrong.  First, the basis for quantification of human error 

probability is incorrect.  By including all the “and/or” gates in the node count, failure 

probabilities are overcounted.  Assuming that errors by the master and the pilot are independent 

(i.e., that the probability of error by both is the product of their individual, independent error 

probabilities) is not correct.  The error probabilities of the master and pilot are not independent; 

they are likely to be correlated, since they are on the same bridge in the same environment at the 

same time.  Distractions for one are likely to affect the other.  In fact, the conditional probability 

of a second error given the first could approach 1.0.  Thus, the implied risk reduction by a factor 

of about 17 (or 5.9 percent ÷ 0.35 percent) is incorrect (i.e., not based on technically sound 

analysis). 

 

Limited Use of Available Data 

 
Previous sections have indicated how readily available data (some of which were used in limited 

fashion in the report) could have improved the risk assessment (e.g., historical trends in 

casualties and spills).  Another example pertains to weather data.  Weather information plays a 

major role in the risk assessment.  One of the better-scored risk mitigation options, conditional 

escort tugging, depends on the frequency of adverse weather conditions, but the analysis 

presented in the BBRA does a poor job of extracting relevant information from the available data 

sources.  Critical to understanding the value of conditional escort tugs is the percentage of time 

that they would be used.  The BBRA’s approach uses nearby New Bedford airport data and 

makes several assumptions about the co-occurrence of low-visibility and high-wind conditions 

and about the length of low-visibility periods.  The report is mute on adverse wave conditions.  

However, several of these assumptions were unnecessary.  Since nearby airport wind and 
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visibility conditions are recorded hourly and wave height and period data are available for the 

entrance to Buzzards Bay, the adjustments made in the BBRA can be eliminated and a detailed 

probabilistic model could have been constructed.  See Enclosure H for a detailed weather 

analysis.  The committee found that estimates from a better analysis of the existing data would 

reduce the hours needed per month for conditional escort tugs by more than half, from 72 to 31 

hours.  This reduction is, of course, dependent on the thresholds that are set, but with the 

complete hourly data set, different thresholds could be investigated.  Changes of this magnitude 

could affect multiple calculations and could easily alter the relative ranking of conditional tugs in 

the report. 

Similarly, the escort tug logs reveal an important factor that was not sufficiently 

discussed in the BBRA:  the major role played by economics in the use of escort tugs.  From 

January 2011 through June 2011, MassDEP paid for normal escort tug operations, but any costs 

associated with assisting other vessels were charged to the barge operator.  During this time, the 

tugs were used once (i.e., escort tugs assisted approximately 0.3 percent of transits).  From July 

2011 through September 2012, industry paid for all escort tug operations, including costs 

associated with assisting barge transits.  During this 15-month period, the escort tugs were asked 

to assist 54 times (i.e., escort tugs assisted with 7.2 percent of transits).  The difference in how 

the escort tugs were used under the two payment schemes (i.e., 36 times more often when fees 

for assistance were covered) deserves discussion.  How much risk was assumed by barge 

operations when they handled problems on their own instead of calling in the escort tug 

assistance?  Of the 54 assistance calls made when costs were covered, 17 involved weather-

related conditions.  What risk reduction was associated with these assists?  There is no discussion 
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concerning what was assumed about escort tug operations when the impact scores (risk 

reductions) were assessed.   

The mitigation and spill cost analysis is hampered by the decision not to conduct a full 

probabilistic risk assessment.  The mitigation costs for some of the options are well understood 

(e.g., additional pilots and escort tugs have been used for several years and accurate cost data are 

available); for others (e.g., using escort tugs in adverse weather), there are no data.  Uncertainty 

of the mitigation costs should be modeled.  However, more problematic is the choice of using the 

costs of a single historical spill in the ROI and payback period calculations.  These economic 

analyses assume that the flawed one-spill-every-9-years estimate is certain and that the spill will 

be identical in damage to the 3,100-barrel Bouchard B-120 spill.  Both of these estimates were 

based on historical single-hull data and are therefore not relevant for the double-hull barge 

operations in place today.  Then 9 years of mitigation cost estimates are graphically compared 

with the single-event spill costs (see Figure 6).  This approach assumes that all costs are known 

with certainty and that each of the mitigation options is able to prevent the spill completely.  A 

more useful study would use spill probabilities and spill amounts that are based on double-hull 

barge operations and modeled as distributions to reflect the inherent uncertainties.  Such an 

approach could dramatically reduce both values and change the economic conclusions.   

 

5. CONCLUSIONS 

 
The committee believes that there are significant limitations with regard to the scope, methods, 

and data of the BBRA.  The committee recognizes the time and budgetary constraints imposed 

on the study but believes that choices made in its formulation and execution bring into question, 

on technical grounds, the value and usefulness of its conclusions.  
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Statement of Task 1.  Is the scope of the analysis (type and extent of data gathered) sufficient to 

support the decisions that are being made based on its results?  

 
The committee believes that the approach taken by the BBRA limits the value of its conclusions.  

Not starting with a hazards or root cause analysis puts the focus of the assessment on the 

consequences of failures instead of on the failures themselves.  This makes the selection and 

evaluation of the risk mitigation options difficult.   

The committee believes that the failure of the BBRA to define a baseline scenario clearly 

(on the basis of current operations) against which risk mitigation options can be compared 

complicates the analysis dramatically and makes the interpretation of results nearly impossible.  

Risk mitigation options that were not requested in the scope of work were added (e.g., 

conditional escort tugs), and options that should have been included in the baseline scenario were 

evaluated as potential options (e.g., double-hull barges). 

Selection of the base data for model estimation is a necessary step in any risk assessment.  

The committee believes that there are several examples in the BBRA where the study relied too 

heavily on no-longer-relevant historical data (e.g., spill history) or did not exploit recent data that 

were directly applicable (e.g., escort tug logs).  These decisions could easily affect the 

assessment’s conclusions.  

The committee believes that the lack of comprehensive uncertainty or sensitivity analyses 

is problematic.  Trying to estimate the risk reduction potential of various operational adjustments 

in the complex oil-barge transportation system of Buzzards Bay is inherently difficult.  There is 

no question that numerous assumptions are required to make the problem tractable.  However, 

failure to account for the underlying uncertainties or the importance of the model assumptions 
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makes the assessment results appear unjustifiably conclusive.  Decision makers relying on the 

assessment could place too much confidence in the risk mitigation rankings. 

 

Statement of Task 2.  Are the methodologies used (“what if” and “change analysis”) 

appropriately applied to estimate the risk reduction benefits of each alternative?   

 
The committee believes that “change analysis” as implemented in the BBRA deviates from the 

prescribed USCG guidelines in significant ways.  The lack of a well-defined baseline scenario 

and the fact that no consideration of uncertainty was modeled make the results of the change 

analysis approach hard to interpret correctly. 

The committee believes that necessary details of the change analysis protocol are 

missing.  The steps behind the elicitation of expert judgment to assess the impact scores (the risk 

reduction potential) of each risk mitigation option are lacking.  It appears that no tug operators 

were interviewed when the benefits of the escort tug options were determined.  As a result, 

several of the impact score values appear to be wrong. 

The environmental damage model used in the BBRA was developed for freshwater oil 

spills.  There is no discussion of how to adjust the model for saltwater. 

The committee found no discussion of how implementing multiple risk mitigation 

options would affect risk reduction, even though a combination of options is likely to occur.  

Knowledge of the interaction of the two options (e.g., what is the risk reduction of having both 

additional pilots and escort tugs) is necessary for determining which set of options to implement. 

 

Statement of Task 3.  Does the data analyzed support the authors’ judgment and ranking of risk 

mitigation options considered? 
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The committee believes that the available data could have been used more appropriately.  As has 

been mentioned, some data were pushed beyond their useful limit (e.g., spill histories), while 

other data were not exploited to their full extent (e.g., escort tug logs).  Not using the data to 

determine appropriate confidence intervals results in assessments that could be given too much 

weight by decision makers. 

The committee believes that there are several examples where probability calculations 

were done incorrectly (e.g., fault tree analysis).  Unsupported assumptions of probabilistic 

independence provided some risk mitigation options with too much risk reduction value.   

The committee believes that other data sets that were not used could have informed the 

study (e.g., environmental data).  Estimated values (e.g., hours per year of adverse weather 

conditions) could have been determined with significant accuracy.  The use of such data would 

have reduced the underlying uncertainties and improved the strength of the conclusions. 

 

In summary, the committee believes that there are significant concerns about how the 

BBRA was completed that bring into question the final rankings of risk mitigation options.  It 

believes that relatively small changes, corrections, or improvements in some of the input values 

and assumptions could influence the ranking of options and that inclusion of the uncertainties 

inherent in the system could make the finality of the study’s recommendations unsupportable.  

Modeling uncertainties is an integral component of successful risk assessments, and failure to 

indicate where and how uncertainties affect the recommendations is a disservice to all users of 

the BBRA. 

 

 



 

43 
 

REFERENCES 

 

Abbreviations 

AWO   American Waterways Operators 

HS SEDI  Homeland Security Systems Engineering and Development Institute 

ITOPF   International Tanker Owners Pollution Federation Limited 

MassDEP  Massachusetts Department of Environmental Protection 

NRC   National Research Council 

OECD   Organisation for Economic Co-operation and Development 

TRB   Transportation Research Board 

USCG   U.S. Coast Guard 

 

Costa, J.  2013.  Bouchard No. 120 Compared to Other Buzzards Bay Spills.  Buzzards Bay 

National Estuary Program, East Wareham, Mass.  http://buzzardsbay.org/pastspills.htm.  

Accessed Sept. 18, 2013. 

Etkin, D. S.  2004.  Modeling Oil Spill Response and Damage Costs.  Proc., 5th Biennial 

Freshwater Spills Symposium, Environmental Research Consulting, Cortlandt Manor, N.Y. 

Etkin, D. S., and J. Welch.  2005.  Development of an Oil Spill Response Cost-Effectiveness 

Analytical Tool.  Proc., 28th Arctic and Marine Oil spill Program Technical Seminar, 

Environmental Research Consulting, Cortlandt Manor, N.Y. 

HS SEDI.  2013.  Buzzards Bay Risk Assessment, Final Report.  MITRE Corporation, Va., Jan. 

22. 



 

44 
 

Hubbard, D.  2009.  The Failure of Risk Management:  Why It’s Broken and How to Fix It.  

Wiley, Hoboken, N.J. 

Hubbard, D., and D. Evans.  2010.  Problems with Scoring Methods and Ordinal Scales in Risk 

Assessment.  IBM Journal of Research and Development, Vol. 54, No. 3, May, pp. 246–255.   

ITOPF.  2012.  ITOPF Oil Tanker Spill Statistics 2012. 

MassDEP.  2013.  Issues for Consideration and Discussion During TRB Peer Review of 

Buzzards Bay Risk Assessment (BBRA).  Received Aug. 2. 

NRC.  1998.  Double-Hull Tanker Legislation:  An Assessment of the Oil Pollution Act of 1990.  

National Academy Press, Washington, D.C. 

OECD.  2006.  Cost–Benefit Analysis and the Environment:  Recent Developments.  

http://www.oecd.org/env/tools-evaluation/cost-

benefitanalysisandtheenvironmentrecentdevelopments.htm. 

Scalzo, S.  1993.  Experience with the Design and Operation of Escort Tugs—The Way Ahead.  

RINA International Conference on Escort Tugs—Defining the Technology, London. 

Scalzo, S.  n.d.  Foss Tractor Tugs in North Puget Sound Tanker Escort/Assist Service.  Foss 

Maritime Company, Seattle, Wash. 

Scalzo, S., and D. Hogue.  1996.  Escort Tug Performance Results.  ITS ’96: The 14th 

International Tug and Salvage Convention, Paper No. 6.  Thomas Reed Publications, 

Brookline, Mass. 

TRB.  2001.  Special Report 259:  Environmental Performance of Tanker Designs in Collision 

and Grounding:  Method for Comparison.  National Academies, Washington, D.C. 

TRB.  2008.  Special Report 293:  Risk of Vessel Accidents and Spills in the Aleutian Islands:  

Designing a Comprehensive Risk Assessment.  National Academies, Washington, D.C. 



 

45 
 

USCG.  2013.  Regulated Navigation Area; Special Buzzards Bay Vessel Regulation, Buzzards 

Bay, Advance Notice of Proposed Rulemaking.  Federal Register, Vol. 78, No. 130, July 8, 

pp. 40651–40654. 

USCG.  n.d. a.  Risk-Based Decision-Making Guidelines, Volume 3, Procedures for Assessing 

Risks, Applying Risk Assessment Tools, Chapter 6—Preliminary Risk Analysis, 2nd ed.  

http://www.uscg.mil/hq/cg5/cg5211/docs/RBDM_Files/PDF/RBDM_Guidelines/Volume%2

03/Volume%203-Chapter%2006.pdf. 

USCG.  n.d. b.  Risk-Based Decision-Making Guidelines, Volume 3, Procedures for Assessing 

Risks, Applying Risk Assessment Tools, Chapter 7—Change Analysis, 2nd ed. 

http://www.uscg.mil/hq/cg5/cg5211/docs/RBDM_Files/PDF/RBDM_Guidelines/Volume%2

03/Volume%203-Chapter%2007.pdf. 

USCG and AWO.  2012.  U.S. Coast Guard–American Waterways Operators Safety Partnership, 

National Quality Steering Committee, Towing Industry Safety Statistics, 1994–2011.  Aug. 

1.  http://www.americanwaterways.com/commitment_safety/Stats_Report_1Aug12.pdf. 



 

46 
 

  



 

47 
 

 
Enclosure A 

 
Acknowledgment of Reviewers 

 
 

This report has been reviewed in draft form by individuals chosen for their diverse perspectives 
and technical expertise in accordance with procedures approved by the National Research 
Council Report Review Committee. The purpose of this independent review is to provide candid 
and critical comments that will assist the institution in making its published report as sound as 
possible and to ensure that the report meets institutional standards for objectivity, evidence, and 
responsiveness to the study charge. The review comments and draft manuscript remain 
confidential, to protect the integrity of the deliberative process. Thanks are extended to the 
following individuals for their review of this report: Paul Cojeen, U.S. Coast Guard (retired); 
Robert A. Frosch, NAE, Woods Hole Oceanographic Institution; Captain Douglas J. Grubbs, 
Crescent River Port Pilots Association, Louisiana; Jason R.W. Merrick, Virginia Commonwealth 
University; James G. Quinn, University of Rhode Island; Steven J. Scalzo, Foss Maritime 
Holdings; and Carl Wunsch, NAS, Harvard University. 
 

Although the reviewers listed above have provided many constructive comments and 
suggestions, they were not asked to endorse the conclusions or recommendations, nor did they 
see the final draft of the report before its release. The review of this report was overseen by 
Christopher Whipple, NAE, Environ, and Susan Hanson, NAS, Clark University.  Appointed by 
the National Research Council, they were responsible for making certain that an independent 
examination of this report was carried out in accordance with institutional procedures and that all 
review comments were carefully considered. Responsibility for the final content of this report 
rests entirely with the authoring committee and the institution. 
 

  



 

48 
 

Enclosure B 

Committee to Review the Buzzards Bay Maritime Risk Assessment 
 

 
 
Committee 
 
Paul S. Fischbeck, Carnegie Mellon University, Pittsburgh, Pennsylvania, Chair 
 
William L. Hurley, Jr., Glosten Associates, Seattle, Washington 
 
Thomas M. Leschine, University of Washington, Seattle 
 
Milton Levenson, NAE, Consultant, Menlo Park, California 
 
R. Keith Michel, Webb Institute, Glen Cove, New York 
 
Ali Mosleh, NAE, University of Maryland, College Park 
 
Malcolm L. Spaulding, University of Rhode Island (Emeritus), Narragansett 
 
 
 
TRB Staff 
 
Beverly Huey, Study Director 
 
Stephen Godwin, Division Director, Studies and Special Programs 
 
Timothy Devlin, Senior Program Assistant 
 

  



 

49 
 

Enclosure C 

Committee Member Biographical Information 
 

 

Paul S. Fischbeck, Chair, is a Professor in the Department of Engineering and Public Policy and 
the Department of Social and Decision Sciences at Carnegie Mellon University, Pittsburgh, 
Pennsylvania.  He is also Director of Carnegie Mellon’s Center for the Study and Improvement 
of Regulation, where he coordinates a diverse research group exploring all aspects of regulation, 
from historical case studies to transmission line siting to emissions trading programs.  Widely 
published, Dr. Fischbeck has served on a number of national research committees and review 
panels, including the NRC–TRB Committee on School Transportation Safety; the National 
Science Foundation’s Decision, Risk, and Management Sciences Proposal Review Committee 
and Small Business Innovative Research Proposal Review Committee; the NRC–TRB 
Committee on Evaluating Double-Hull Tanker Design Alternatives; and the NRC–TRB 
Committee on Risk Assessment and Management of Marine Systems.  His research involves 
normative and descriptive risk analysis, including development of a risk index to prioritize 
inspections of offshore oil production platforms; an engineering and economic policy analysis of 
air pollution from international shipping; a large-scale probabilistic risk assessment of the space 
shuttle’s tile protection system; and a series of expert elicitations involving a variety of topics 
including environmental policy selection, travel risks, and food safety.  He is cofounder of the 
Brownfields Center at Carnegie Mellon, an interdisciplinary research group investigating ways to 
improve industrial site reuse.  He is involved in a number of professional research organizations 
including the American Society for Engineering Education, the Institute for Operations Research 
and Management Sciences, the Military Operations Research Society, and the Society for Risk 
Analysis.  He has chaired a National Science Foundation panel on urban interactions and 
currently serves on EPA’s Science Advisory Board.  He holds a BS in architecture from the 
University of Virginia, an MS in operations research and management science from the Naval 
Postgraduate School, and a PhD in industrial engineering and engineering management from 
Stanford University. 
 
 
William L. Hurley, Jr., a licensed professional engineer in naval architecture and marine 
engineering in the state of Washington, is Principal and Chairman of the Board at Glosten 
Associates.  He joined the firm in 1977 after graduating from the University of Michigan with a 
BSE in naval architecture.  Mr. Hurley has served the marine industry for 34 years and has 
specialized in commercial vessel design and construction.  He has participated in all aspects of 
naval architecture work at the firm, serving on numerous new design programs and major vessel 
conversions.   
  



 

50 
 

Thomas M. Leschine is the Director of the University of Washington School of Marine Affairs 
and specializes in environmental policy, with an emphasis on the use of scientific and technical 
information in environmental decision making.  Among his research interests are coastal 
ecosystem and marine pollution management, maritime safety including oil spill prevention and 
response, and the long-term management of hazards associated with radioactive and other long-
lived wastes.  He chaired the NRC Committee on Remediation of Buried and Tank Wastes, 
whose work culminated with publication of Long-Term Institutional Management of U.S. 
Department of Energy Legacy Waste Sites (2000), a comprehensive examination of the 
Department of Energy’s planning for long-term stewardship at defense nuclear sites.  That work 
led to publication of the edited volume Long-Term Management of Contaminated Sites (2007) in 
the Elsevier JAI academic series Research in Social Problems and Public Policy.  Dr. Leschine 
served previously as a member of the Marine Board’s Committee on Risk Assessment and 
Management of Marine Systems, which produced the Review of the Prince William Sound, 
Alaska, Risk Assessment Study (1998).  Dr. Leschine earned a PhD in mathematics from the 
University of Pittsburgh, where he specialized in mathematical logic.  He made the transition to a 
career in marine affairs via postdoctoral research and staff appointments at the Woods Hole 
Oceanographic Institution in Woods Hole, Massachusetts, and, briefly, at the National Center for 
Atmospheric Research in Boulder, Colorado.  Dr. Leschine has served as a member of the 
Marine Board since November 2008.  
 

Milton Levenson (NAE) is an independent consultant.  He is a chemical engineer with 65 years 

of experience in nuclear energy and related fields.  His technical experience includes work 

related to nuclear safety, fuel cycle, water reactors, advanced reactors, and remote control.  His 

professional experience includes research and operations positions at the Oak Ridge National 

Laboratory, the Argonne National Laboratory, the Electric Power Research Institute, and 

Bechtel.  He was elected to the National Academy of Engineering in 1976.  Mr. Levenson is a 

fellow and past president of the American Nuclear Society, a fellow of the American Institute of 

Chemical Engineers, and recipient of the American Institute of Chemical Engineers’ Robert E. 

Wilson Award in Nuclear Chemical Engineering.  He is the author of more than 150 publications 

and presentations and holds three U.S. patents.  Mr. Levenson has served as chairman or 

committee member for several National Academies studies.  He received his BChE from the 

University of Minnesota. 

 
R. Keith Michel is President of Webb Institute, a highly ranked college offering a joint degree in 
naval architecture and marine engineering.  Before assuming the presidency of Webb in July 
2013, Mr. Michel was Chairman of the Board of the Herbert Engineering Corporation (HEC) 
group of companies, where he was engaged in the design of ships and related research for 40 
years.  The HEC group of companies consists of HEC (focusing on the design of ships and 
offshore structures), HES (HEC’s subsidiary company located in Shanghai, China), and HEE 
(HEC’s European subsidiary company).  Mr. Michel’s expertise covers risk assessment; marine 
transportation studies; and conceptual, preliminary, and contract-level design, shipyard 
negotiations, and plan approval of commercial ships.  He has been project manager for structural, 



 

51 
 

stability, damage stability, outflow, cargo securing, container and cargo gear testing, and marine 
transportation economic and risk analysis studies.  He served as Technical Advisor to the U.S. 
delegation to the International Maritime Organization (IMO) Marine Environment Protection 
Committee (MEPC) 32 through MEPC 36 and as a member of the drafting group developing the 
IMO Guidelines for the Approval of Alternative Tanker Designs Under Regulation 13F.  He 
developed the probability distribution functions for tankers on the basis of historical damage 
statistics, developed the IMO reference ships and performed the outflow analysis, and assisted in 
writing the guidelines.  Mr. Michel served as Chairman of the IMO Bulk Liquids and Gases 
working group tasked with developing new marine pollution (MARPOL) regulations for 
hypothetical oil outflow and tank size and with acceptance of alternative designs to double-hull 
tankers.  He developed the initial draft of the MARPOL regulations for protection of bunker tanks.  
Mr. Michel is past Chair of the Marine Board of the National Academies and has served on a 
number of other National Academy of Sciences committees.  Mr. Michel holds a BS in naval 
architecture and marine engineering from Webb Institute.  He is past president of the Society of 
Naval Architects and Marine Engineers (SNAME), a Fellow and Honorary Member of SNAME, 
and a National Associate of NRC.  In 2002, he was awarded SNAME’s David W. Taylor Medal 
for notable achievement in naval architecture and marine engineering. 

 
Ali Mosleh (NAE) is Professor of Mechanical Engineering at the University of Maryland, where 
he conducts research in various risk assessment fields such as expert quantitative opinion, 
reliability growth modeling, probabilistic reliability physics, common cause failure analysis, 
dynamic accident simulation, and dynamic probabilistic risk assessment.  He also conducts 
human reliability analyses, develops methodologies for security risk management, and conducts 
space systems risk analysis.  He has performed risk and safety assessment, reliability analysis, 
and decision analysis for the nuclear, chemical, and aerospace industries.  He is the editor of four 
books and the author or coauthor of four source books and guidebooks and more than 140 papers 
in technical journals and conferences.  Dr. Mosleh was the organizer or chairman of numerous 
international conferences and technical sessions.  He chairs the Engineering Division of the 
International Society for Risk Analysis and is a Board Member of the International Association 
of Probabilistic Safety Assessment and Management.  He is a member of the Board of Editors of 
the Journal of Reliability Engineering and System Safety; is a member and Program Chairman of 
the Executive Committee of the Human Factors Division, American Nuclear Society; and is a 
member of the Risk Analysis Methodology Committee, International Society for Risk Analysis.  
Dr. Mosleh serves as Codirector of the Center for Technology Risk Studies at Clark School of 
Engineering, University of Maryland.  He is an expert consultant to national and international 
organizations on risk and reliability issues.  He has a PhD in nuclear science and engineering 
from the University of California at Los Angeles.  Dr. Mosleh was elected to the National 
Academy of Engineering in 2010.   
 

Malcolm L. Spaulding is an Ocean Engineer specializing in numerical modeling of nearshore 
and coastal processes of estuarine, coastal, and continental shelf regions to include 
hydrodynamics, waves, sediment transport and pollutant transport, fate, and effect.  He has been 
active in computational fluid dynamics and has investigated a wide range of geophysical and 
engineering flow problems.  Dr. Spaulding received his BS in mechanical engineering and 
applied mechanics from the University of Rhode Island (URI) in 1969 and an MS from 



 

52 
 

Massachusetts Institute of Technology in 1970.  He returned to URI and completed a PhD in 
mechanical engineering and applied mechanics in 1972.  He joined the URI Ocean Engineering 
Department faculty in 1973 and was promoted to Associate Professor in 1978 and to Professor in 
1983.  He served as department chair from 1992 to 2002 and retired in early 2013.  He has 
served on numerous NRC boards, committees, and panels, including those to review oil pollution 
research and development, to evaluate marine environmental studies programs, to assess ocean 
technology transfer, and to evaluate cleanup and response to spills of heavy oils.  He has chaired 
eight international specialty conferences, seven on estuarine and coastal modeling (held in 
alternate years starting in 1989) and one on oil spill legislative and management implications.  In 
1993, Dr. Spaulding received the Rhode Island Governor’s Science and Technology Special 
Citation Award for his commitment to academic excellence and business development.  He 
received the URI Edmund and Dorothy Marshall Faculty Excellence Award in 1997 for his 
leadership of the Ocean Engineering Department and his commitment to excellence in 
engineering education. 
 
 
  



 

53 
 

 

Enclosure D 

 

Statement of Task 
 
 
 

 

At the request of the Commonwealth of Massachusetts Department of Environmental Protection 
(MassDEP), an ad hoc committee will conduct a peer review to evaluate the methodologies and 
conclusions of the Buzzards Bay Risk Assessment (BBRA).  The peer review of the Buzzards 
Bay Risk Assessment will focus on the following key questions posed by MassDEP: 
 

1. Is the scope of the analysis (type and extent of data gathered) sufficient to support the 
decisions that are being made based on its results?  
 

2. Are the methodologies used (“what if” and “change analysis”) appropriately applied to 
estimate the risk reduction benefits of each alternative?  [Note particularly conclusions 
based on “change analysis” on page 70 of the BBRA (“The results of this analysis 
indicate that the greatest decrease in risk for tank barges operating in Buzzards Bay 
occurs with the addition of a pilot in addition to the crew, followed by the change to 
double hulls and then by the addition of escort tugs”) and conclusions based on the “what 
if” analysis on pages 71–73 of the BBRA.]  
 

3. Does the data analyzed support the authors’ judgment and ranking of risk mitigation 
options considered? 
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Enclosure F 
 

BBRA Statement of Objectives 

 
1.  The USCG and MassDEP seek contractor support to conduct a technical study that will 

identify and evaluate whether adopting the additional federal pilot and escort system 
requirements for Buzzards Bay in 33 CFR 165.100 for double-hulled tank barges is likely 
to reduce the risks of future oil spills from tank barges, and by how much and at what 
cost. 

 

a. An analysis of oil spill probabilities from double-hull tank barges operating in the 
Buzzards Bay RNA.  This analysis should consider, at a minimum, navigational 
safety risks; the effect of weather and environmental parameters on vessel safety; 
causal data from past incidents and oil spills; and published reports and data. 

b. An analysis of the potential consequences of oil spills from double-hull tank barges 
operating in the Buzzards Bay RNA.  This analysis should consider, at a minimum, 
environmentally sensitive habitat and resources at risk; threatened and endangered 
species; seasonality associated with vulnerabilities; and limits to available oil spill 
containment and recovery techniques due to weather or environmental factors. 

c. An evaluation of risk mitigation costs and benefits associated with a requirement for 
federally licensed pilots who are not also members of the crew onboard all double-
hull tank barges transiting the RNA.  The evaluation of mitigation measures should 
follow a recognized methodology. 

d. An evaluation of risk mitigation costs and benefits associated with a requirement for 
escort vessels (tugboats) to accompany all double-hull tank barges transiting the 
RNA.  The evaluation of mitigation measures should follow a recognized 
methodology.  

e. Data analyzed as part of the evaluation under tasks 3 and 4 should include, at a 
minimum: 

i. Published studies and reports; 
ii. Review of safety data and incident reports from tank barges operating in 

Buzzards Bay since 2006; and 
iii. A review of other vessel escort systems in place in the United States. 

2. Technical Study Components 
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a. Describes the geophysical properties of Buzzards Bay and the Cape Cod Canal, 
including currents, weather conditions, and the geomorphology and bathymetry as 
they apply to and influence vessel traffic, risks to navigation, and the ability to assess, 
contain, and remediate an oil spill in Buzzards Bay. 

b. Describes and compares the present towing vessel escort requirements in MOSPA 
and 33 CFR § 165.100(d)(5) and includes the history of and rationale for the Federal 
and State regulatory systems. 

c. Describes how towing vessels and tank barges are currently escorted in the subject 
waters, including tug and barge industry operational practices and experiences with 
tugboat escorts and Buzzards Bay and Canal Control vessel traffic procedures.  The 
description should include data on vessel traffic, volume of oil transported, utilization 
of tugboat escorts (including the availability of tugboat escorts with appropriate 
specifications, how they are utilized, distances between escorts and barges and their 
towing vessels, and tying up to barges), and other relevant information. 

d. Describes and compares the present Federal and State marine pilot requirements in 
MOSPA and 33 CFR § 165.100(d)(5), as they apply to single- and double-hulled tank 
barges.  The description shall include an evaluation of the current “recency” 
provisions as they apply to federal pilotage in Buzzards Bay, including their 
effectiveness and enforceability. 

e. Describes the environmental and economic values potentially protected by the current 
Federal and State towing vessel escort system, including natural resources, 
recreational and commercial fishing, and tourism, and by any proposed federal 
system that requires federal pilots and tug escorts for double-hulled tank barges.   

f. Describes the capabilities and limitations of single-propulsion and dual-propulsion 
towing vessels that presently operate on Buzzards Bay. 

g. Describes the phase-out of single-hull tank barges and the anticipated changes in the 
use of tank barges and articulated towing vessel–barge vessels. 

h. Describes the safety enhancements and redundant systems of double-hull tank barges 
that operate on Buzzards Bay as compared to single-hull tank barges, and includes the 
size of the vessels (length and width), the volume of oil they transport, internal cargo 
tank configurations, the amount of water they draw when fully loaded, and ability to 
stop in the event that the towing vessel loses propulsion and/or steering.  Provides 
data from outflow analyses that considers the relative preventative value of double 
hulls to various types of casualties (e.g., soft grounding, hard grounding, collision, 
and allision).   

i. Describes the range of technological, human and external factors that influence risk 
management as it applies to the towing vessels and single- and double-hulled tank 
barges transiting Buzzards Bay and the Cape Cod Canal.  An evaluation of the effects 
of fatigue on vessel crews shall be included.   
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j. Compares the current Buzzards Bay towing vessel escort practices with other 
mandatory towing vessel escort systems in place in other parts of the United States. 

k. Identifies potential direct and indirect effects any proposed changes to the towing 
vessel escort system may have on the population of towing vessels operating on 
Buzzards Bay. 

l. Describes the expected costs and benefits of providing federal pilots and escorting 
double-hull tank barges, including an analysis of the anticipated safety, 
environmental, and economic consequences of requiring federal pilots and tugboat 
escorts for double-hull tank barges.  This shall include the estimated costs associated 
with the assessment and clean-up of an oil spill in Buzzards Bay vs. the cost of risk 
mitigation measures.   
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Enclosure G 
 

Description of Escort Tugs and How They Are Used 

 

Mission-specific enhanced performance escort tugs were first introduced as a vessel type after 

the Exxon Valdez oil spill.  Before the spill, escort in Prince William Sound, Alaska, was done by 

conventional twin-screw tugs; tanker escort in Puget Sound involved a combination of 

conventional and moderate-horsepower tractor tugs.  It was recognized after extensive study that 

the ability to apply an external force to a tanker that has experienced a rudder or engine failure in 

confined waterways would greatly reduce the risk of a tanker grounding or allision and hence 

greatly reduce the risk of an oil spill from breaching a cargo tank.  A new type of vessel was 

designed for this purpose that could run at high speed to match tanker speeds, be highly 

maneuverable, and exert large forces when moving at speeds up to 12 knots through a towline.  

These escort tugs would trail the tanker in close proximity either tethered or untethered to the 

stern.  In some cases, depending on waterway requirements and ship characteristics, a second 

escort tug would be provided.  The techniques of the tanker escort system have been refined over 

time in terms of tug design, tug equipment, and operational methods, and they are generally 

accepted as a significant aid in reducing the risk of tanker groundings and allisions.  Tanker 

escort systems are in place now on the West Coast of the United States and Alaska and 

internationally.  

The application of escort tugs in Buzzards Bay tug and barge operations is slightly 

different:  speeds are lower, a barge is being escorted with a primary tug towing or pushing it 

instead of a single large tankship, the option to push on the barge is available in modest weather 

conditions, the additional risk of a broken towline is addressed, and a continuous tether to the 
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barge is not used.  The service is required by the state of Massachusetts and by USCG 

regulations as found in 33 CFR § 165.100, which indicate that, when the primary tug has a 

nonredundant propulsion system, the barge “must be accompanied by an escort tug of sufficient 

capability to promptly push or tow the tank barge away from danger of grounding or 

collision. . . .”  The USCG requirements apply to single-hull barges, and the state of 

Massachusetts requirements apply to double-hull barges as well. 
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Enclosure H 

Weather Analysis 

  

WIND AND WEATHER 

The BBRA report provides an analysis of winds from the National Oceanic and Atmospheric 

Administration (NOAA) National Data Buoy Center (NDBC) BUZM3 station at the mouth of 

Buzzards Bay (Figure G-1) and, specifically, the mean and standard deviation of the wind speeds 

versus month (Figure G-2, also included in the report) and the percentage above thresholds for 

winds greater than 25 knots, in 5-knot increments (the report’s Table 4, as shown below).  

 

 

 

The data and monthly mean time series are available online at the NOAA NDBC website.  

Unfortunately, no data are presented for the associated wave conditions, which are also available 

at the NDBC website.  Figures G-3 and G-4 show the corresponding significant wave heights 

and periods, respectively, versus month. 
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FIGURE G-1  Location of the NOAA NDBC BUZM3 station at the entrance to Buzzards Bay. 

 

 

FIGURE G-2  Average wind speed (knots) and standard deviation for winds 
versus time (months in the year) at NOAA NDBC BUZM3 station. 
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FIGURE G-3  Average significant wave height (m) and standard deviation 
versus time (months in the year) at NOAA NDBC BUZM3 station. 

 

 

FIGURE G-4  Average wave period (s) and standard deviation versus time 
(months in the year) at NOAA NDBC BUZM3 station. 
 

The authors broadly discuss wind directionality but ignore directionality for waves.  The 

inherent assumption appears to be that winds and waves are closely aligned and hence that the 
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winds can be considered as a proxy for waves.  Specifically, one can expect the strongest winds 

and waves to be in alignment.   

This is not the case for Buzzards Bay.  The U.S. Army Corp of Engineers has performed 

a detailed hindcast of winds and waves at a series of stations along the coast of the United States 

in its Wave Information Study (WIS) program 

(http://wis.usace.army.mil/products.html?staid=63075&lat=41.25000&lon=-71.08000&dep=41).  

Figure G-5 shows the station locations in the vicinity of the entrance to Buzzards Bay.  Station 

63075 has been selected for the present analysis.  (The figures and tables presented here are 

available at the WIS website.)  Tables G-1 and G-2 show the wind speed and direction and wave 

height and period probability distributions, respectively, for the hindcast period.  Wave 

information by direction (not shown here) is available at the WIS website 

(http://wis.usace.army.mil/atl/pcnt/wave/63075/ST63075_WAVE_allyrs.txt). 

  Figures G-6 and G-7 show the wind and wave roses, respectively, for WIS 63075.  

Comparison clearly indicates that the wind speed and wave roses have substantially different 

patterns, with the most frequent winds from the southwest and the northwest, while the most 

frequent waves are from the southwest.  The strongest winds and highest waves come from the 

northwest and southwest, respectively.  The strongest winds are the result of winter storms, and 

the highest waves result from the unlimited fetch to the southwest.  Consideration of both wind 

and waves in the analysis, including their directional dependence, would have been prudent, 

rather than only the wind speed. 
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FIGURE G-5  U.S. Army Corp of Engineers WIS hindcast sites in the vicinity of the 
entrance to Buzzards Bay.  Hindcast period from 1980 to 1999.  
(http://wis.usace.army.mil/products.html?staid=63075&lat=41.25000&lon=-
71.08000&dep=41.) 

 

 

TABLE G-1  Probability Distribution of Wind Speed and Direction at WIS Site 63075
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TABLE G-2  Probability Distribution of Wave Height and Period for All Directions at WIS Site 

63075 
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FIGURE G-6  Wind rose at WIS Site 63075.  
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FIGURE G-7  Wave rose at WIS Site 63075. 

 

In summary, adverse weather constraints selected are never clearly stated.  No analysis of 

waves was performed to assess the potential impact on adverse weather constraints. 

 

VISIBILITY 

 

Visibility data from the Meteorological Terminal Air Report recorded at the New Bedford 

Regional Airport were acquired from the National Climatic Data Center (NCDC) for October 

2006 to October 2012 by the report authors.  Figure G-8 shows the observation footprint for the 

New Bedford Regional Airport observations as well as for all nearby airports. 
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FIGURE G-8  Footprint of visibility observations from selected airports in the 
vicinity of Buzzards Bay, all airports (upper panel) and New Bedford Regional 
Airport (nominally 10-mile radius) from NOAA NCDC (lower panel). 
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Airport-based observations are the only source of routine observations of visibility 

available in the area, and the New Bedford airport station provides the best coverage for 

Buzzards Bay.  Observations are made by the ferries operating from New Bedford to Cuttyhunk, 

Massachusetts, and from Woods Hole to Vineyard Haven, Massachusetts, but the measurements 

are episodic at best.  Recent observations are available at the NOAA website 

http://forecast.weather.gov/product.php?site=NWS&format=CI&version=1&glossary=0&highlig

ht=off&issuedby=BOX&product=OMR. 

The New Bedford airport data were analyzed to determine the number of days in each 

year when the visibility was 0.5 and 1.0 mile at any time during the day.  The results are given in 

the BBRA report (Table 5 and Figure 8, reproduced above). [Hayes (2009) from the Gray, 

Maine, NOAA National Weather Service office used ¼ nautical mile or 0.3 mile to define the 

limit for low-visibility conditions in its analysis for northern New England waters.]  The present 

analysis results in 20 percent of the days in a year (76/365) having visibility of 1 mile or less 

[13.4 percent (49/365) if the threshold is 0.5 mile].  As noted in the report, the visibility data are 
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hourly, and low-visibility events typically last only a few hours.  Hence, for planning purposes 

the authors reduce the visibility-restricted days to 10 percent of those in the year for the 1-mile 

threshold and to 6.7 percent for the 0.5-mile threshold.  This assumed reduction factor is at best 

ad hoc, and no argument supporting its selection is presented.  

Since the visibility data are available at hourly intervals at the airport, why the authors 

did not simply evaluate the number of hours per year (or over the record) when visibility was 

below some minimum that would serve as an adverse weather threshold is unclear.  The data 

could also be analyzed to determine the duration of these low-visibility events. 

The assumption of 10 percent of days being affected by low visibility is at best arbitrary 

and likely overrepresents the risk.  To support this observation, Figure G-9 shows the daily 

average visibility (average value over 24 hourly observations) versus time for 2012.  If the daily 

average value is used as the evaluation metric, rather than the highest 1-hour value used by the 

report authors, the visibility is always greater than 2 miles.  If attention is restricted to the month 

with the lowest visibility in 2012 (October), the longest duration for visibility below 1 mile is 12 

hours, while the typical duration for the rest of month ranges from 2 to 3 hours.  There are about 

10 events during the month or about 32 hours (1.3 days) during which visibility is below this 

threshold.  This represents approximately 4.3 percent of the hours in the month, less than half of 

the value used in the analysis.  If the threshold is reduced to 0.5 mile, the number of hours 

decreases to 16 and the percentage of hours in the month with low visibility decreases to 2.15 

percent.  If the threshold is 0.3 mile, as used by Hayes (2009), the number of hours decreases to 

5, or 0.68 percent.  
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FIGURE G-9  Mean visibility per day versus time for 2012 at New Bedford Regional 
Airport, from NOAA NCDC.  (http://weatherspark.com/history/30212/2012/New-Bedford-
Massachusetts-United-States.) 

 

The authors never address the suitability of the airport visibility data to infer conditions in 

Buzzards Bay proper.  A quick review indicated that a detailed analysis comparing offshore 

observations of visibility with observations from coastal airports was performed for northern 

New England waters by Hayes (2009).  Figure G-10 (Hayes 2009, Figure 4) shows the 

percentage of low visibility for the northern New England coastline from Massachusetts to the 

midcoast of Maine.  This analysis is based on airport and offshore buoy observations of visibility 

(by the Northeastern Regional Association of Coastal and Ocean Observing Systems).  In the 

southern end of the area, which has conditions most similar to those in Buzzards Bay, the 

percentage of time with low visibility is 0.5 to 1.5 percent.  There is little variation between land- 

and ocean-based observations.  This compares with the estimate made above for the 0.3-mile 

limit from the New Bedford airport of 0.67 percent.  In the absence of additional data, the New 

Bedford airport data can be assumed to give estimates for conditions in Buzzards Bay that are 

reasonable and appropriate for a risk assessment analysis.   
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FIGURE G-10  Percentage of hourly observations with visibility below ¼ nautical mile (or 0.3 
mile) from Hayes (2009) for northern New England waters. 
 

 

ADVERSE WEATHER SUMMARY FROM REPORT 

The following is quoted from the BBRA report: 

 

Adverse Weather Summary:  The number of days with low visibility is of importance 

because in the escort tug activity logs provided by MassDEP, about 50 percent of the 

escort requests were associated with low visibility or other inclement weather conditions 

(developed further in Section 5).  The data show that, on average, 20 percent of the days 

in a year can expect visibility conditions under 1 mile.  These periods of low visibility 

typically do not last an entire day, but last rather a few hours.  For planning purposes a 

notional value of 10 percent will be designated as days with sustained low visibility to 

account for trip-scheduling opportunities to avoid low visibility periods. 
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Low-visibility conditions (fog) and high winds do not occur at the same time, 

therefore the number of days with each of these conditions can be added together to 

determine a total frequency of hazardous weather conditions.  With a notional value of 

sustained low-visibility conditions occurring 6 percent of the year (49 days/365  50 

percent to account for less than a full day) and winds greater than 25 knots occurring 9.5 

percent of the days in a year, we can expect that there are hazardous weather conditions 

15.5 percent, rounded to 16 percent, of the days in a year. 

  

The adverse weather thresholds used in the analysis are never clearly stated, and the 

presentation related to them is confusing.  It appears that 25 knots is the threshold for wind 

speeds and that either 0.5 or 1 mile is the threshold for visibility.  In the first paragraph of the 

adverse weather summary, a value of 1 mile is used, whereas in the last paragraph a value of 0.5 

mile is assumed.  The impact of wave conditions is not addressed.  If a more reasonable 

correction is used for the duration of low-visibility events and the 0.5-mile threshold is assumed, 

the combined days of adverse weather is 9.5 percent for winds greater than 25 knots and 2.15 

percent for visibility less than 0.5 mile, for a total of 11.65 percent, which rounds up to 12 

percent. This analysis is based on the lowest-visibility month in 2012 to give an example of the 

impact on the results, but it would need to be carried out for the entire record period. 

 

REFERENCE 

 

Hayes, J. C.  2009.  An Applied Climatology of Low Visibility over the Coastal Waters of New 
Hampshire and Southern Maine.  Eastern Region Technical Attachment No. 2009-04.  
National Weather Service, National Oceanic and Atmospheric Administration, Gray, Maine, 
Dec.  

 


