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different goals, safety practices, experience levels, and training. This functional diversity among team
members may lead to differences in interpretations of what is needed for a team to be successful (Cronin
and Weingart 2007) Also, regulators in the United States did not keep up with the technological advances
made by the operating companies in dealing with the complexity of deepwater operations (see Chapter 6).
Hence, the checks and balances supposedly provided by the regulators for offshore operations did not
evolve commensurate with the complexity of the operations.

The multiple companies involved in drilling the Macondo well exhibited the complex structure of the
offshore oil and gas industry and the division of technical expertise among the many contractors engaged
in the drilling effort. BP, an E&P company, leased the Mississippi Canyon Block 252 in 2008 for oil and
gas exploration.® BP later sold interests in the lease to Anadarko Petroleum, an independent exploration
company (25% share) and MOEX, a subsidiary of the oil company Mitsui Oil Exploration (10% share).
BP was the majority owner of the lease (65% share). As the operator, BP designed the well and specified
how it was to be drilled, cased completed, and temporarily abandoned. BP employed various contractors
to perform the work of drilling and constructing the well. BP’s well site leaders were the personnel on the
Deepwater Horizon rig who supervised operations and coordinated the activities of contractors.

FIGURE 5-1 Selected major petroleum merger (1996 — 2002). Source: GAO 2004, p. 37.

%See Chief Counsel (2011) for additional information on the roles of companies involved in drilling the
Macondo well.
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Transocean, a contractor of offshore drilling rigs, was hired by BP for the services of the
Deepwater Horizon rig. As part of this arrangement, Transocean provided personnel for drilling, marine
operations, and maintenance. Transocean supervisory personnel included the offshore installation
manager (OIM) who coordinated rig operations with BP’s well site leaders and managed the Transocean
crew, the Master, who was responsible for all marine operations when the rig traveled from one location
to another, and a senior toolpusher, who supervised the toolpushers, who in turn coordinated drilling
operations carried out by the drillers and assistant drillers.

Other contractors and manufacturers involved in the Macondo well included the following:

e Cameron, a manufacturer of well drilling equipment and well construction components,
manufactured the Deepwater Horizon’s blowout preventer.

¢  Dril-Quip, a manufacturer of components used in the construction of oil wells, manufactured
the wellhead assembly used at the Macondo well, including the casing hanger, seal assembly, and
lockdown sleeve components.

e Halliburton is an oil field service provider. BP contracted with Halliburton to provide
cementing services and related expertise. Halliburton designed and pumped the cement for the casing
strings in the well.

o M-I SWACO is a Schlumberger subsidiary. BP contracted with MI-SWACO to provide
specialized drilling mud and mud engineering services on the Deepwater Horizon; its personnel operated
the rig’s mud system.

e Schlumberger is a provider of a variety of oil field services. BP contracted with
Schlumberger to deliver specialized well and cement logging services on the Deepwater Horizon.
Schlumberger provided well logging services used in the evaluation of the well.

e Sperry Sun is a Halliburton subsidiary. BP contracted with Sperry Sun to install a well
monitoring system on the Deepwater Horizon. Sperry provided mud loggers to monitor and interpret the
data it generated.

e  Weatherford is a manufacturer of well construction components. BP contracted with
Weatherford to provide casing accessories, including centralizers, the float collar, and the shoe track on
the Deepwater Horizon. Weatherford also provided personnel to provide advice on the installation and
operation of their equipment.

As discussed in Chapters 2, 3, and 4, the Macondo well-Deepwater Horizon event was
precipitated by multiple flawed decisions, leading to an uncontrolled blowout, causing loss of life and
injuries and severe negative public and environmental impacts. Involved in those decisions were the
operator, drilling contractor, and service companies.’ The complex interaction of all the corporations and
the government agencies was not managed at a systemic level to anticipate the possible safety shortfalls
that ultimately led to the well blowout. This was evident by a substantial number of decisions and actions
that are inconsistent with the characteristics of a robust safety culture and high-reliability organization
discussed earlier in the chapter:

e While the geologic conditions encountered in the Macondo well posed challenges to the
drilling team, alternative completion techniques and operational processes were available that could have
been utilized to safely prepare the well for temporary abandonment (see Chapter 2).

o Flawed design and execution of a cementing program (see Chapter 2).

e Flawed execution and interpretation of the negative pressure test of the well. The test was
deemed a success even though, the pressure build up actually meant the test had failed (see Chapter 2).

’As mentioned in the preface, this report does not attempt to assign responsibility for the incident to specific
individuals or corporations. Nor does it attempt to make a systematic assessment of the extent to which the parties
involved complied with applicable regulations.
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e No cement bond log was run to investigate the condition of the cement. The well design
placed the float collar above the bottom of the deepest reservoir and would have prevented the log from
investigating the lower sections of the well in which cement had been pumped (see Chapter 2) .

e Evidence available prior to the blowout indicated the flapper valves in the float collar
probably failed to seal, but this evidence was not acted upon at the time (see Chapter 2) .

e The approach chosen for well completion failed to provide adequate margins of safety and
led to multiple potential failure mechanisms. Drilling mud was replaced with seawater and the annular
preventer in the BOP was opened on the assumption the well was under control (see Chapter 2) .

e The crew did not recognize the signs of the impending blowout in time to take the appropriate
action. Several indicators were missed that should have indicated to the crew that hydrocarbons from the
reservoir were flowing into the well (see Chapter 3).

e The BOP system was neither designed nor tested for the dynamic conditions that most likely
existed at the time that attempts were made to recapture well control. Furthermore, the design, test,
operation and maintenance of the BOP system were not consistent with a high reliability, fail safe device
(see Chapter 3).

e The decision to defer maintenance on the annular preventers of the BOP following the March
8th “well control event” (see Chapter 3).

e The rig crew was ill prepared for the scale of this disaster. Alarm and indication systems,
procedures, and training were insufficient to ensure timely and effective actions to prevent the explosions
or respond to save the rig (see Chapter 4).

e Confusion existed about decision authority and command. Uncertainty as to whether the rig
was underway or moored to the wellhead contributed to the confusion on the bridge and may have
impaired timely disconnect (see Chapter 4).

e Once the fire started on the rig it took more than seven minutes until an attempt was made to
activate the emergency disconnect system which should have closed the blind-shear ram and disconnected
the LMRP (see Chapter 3).

Previous reports have evaluated the performance of the companies involved in the Macondo well-
Deepwater Horizon incident (BOEMRE, 2011; Chief Counsel, 2011; DHSG, 2011; Presidential
Commission, 2011; USCG, 2011). The reports have found that technical failures, such as those discussed
in this report, can be traced back to management processes that did not provide adequate controls over the
uncertainties of human decision making, particularly given the potential consequences as evidenced by
the Macondo blowout. Management processes failed to adequately identify and mitigate risks created by
operational decisions prior to the blowout, communicate critical information, train key engineering and
rig personnel, and ensure that measures taken to save time and reduce costs did not adversely affect
overall risk. A substantial compilation and discussion of witness testimony, written communications, and
other information concerning management performance are presented in those reports. While the
available evidence does not identify a specific circumstance where an explicit decision was made to
accept risk to save costs, the committee notes that such trades are an inherent part of drilling operations
and that processes to properly evaluate such trades are essential.

The committee’s findings presented in this report and the findings of other related reports indicate
that industrial management involved with drilling the Macondo well had not adequately understood and
coped with the system safety challenges presented by offshore drilling operations. This raises questions
about industry’s overall safety preparedness, the ability to handle the complexities of the deepwater
operations, industry oversight to approve and monitor well plans and operational practices, and personnel
competency and training. Also, questions have been raised as to whether a process is in place to
adequately consider the overall risks associated with drilling a Macondo-type well in the Gulf of Mexico.
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Summary Finding 5.1: The actions, policies, and procedures of the corporations involved
did not provide an effective systems safety approach commensurate with the risks of the
Macondo well. The lack of a strong safety culture resulting from a deficient overall systems
approach to safety is evident in the multiple flawed decisions that led to the blowout.
Industrial management involved with the Macondo well-Deepwater Horizon disaster failed
to appreciate or plan for the safety challenges presented by the Macondo well.

Observations

Summary Observation 5.1: The ability of the oil and gas industry to perform and maintain
an integrated assessment of the margins of safety for a complex well like Macondo is
impacted by the complex structure of the offshore oil and gas industry and the divisions of
technical expertise among the many contractors engaged in the drilling effort.

Observation 5.2: Processes within the oil and gas industry to assess adequately the
integrated risks associated with drilling a deepwater well, such as Macondo, are currently
lacking.

Observation 5.3: As offshore drilling extends into deeper water, its complexity increases.
However, in-house technical capabilities within many operating companies for well drilling
operations have diminished in favor of reliance on multiple contractors. This in turn,
diminishes the capacity of operations companies (the “operator”) to assess and integrate the
multiplicity of factors potentially affecting the safety of the well.

Observation 5.4: The operating leaseholder company is the only entity involved in offshore
drilling that is positioned to manage the overall system safety of well drilling and rig
operations.

The rapid evolution of deepwater drilling operations has challenged management of E&P
companies to have in-house expertise in the complexities, risk, and system safety of deepwater operations
and with monitoring capabilities for supporting the decision making levels in a timely manner.

The operating company is typically recognized as the party responsible for the drilling and
production of a well.** This is a long-term practice of leaseholders and, through a formal contract, all
owners of the lease agree to authorize one of them as being the operator. The responsibility of the
designated operator is to conduct a safe operation. This responsibility requires that the operator have the
capacity to understand the complexities of the system safety issues and be capable of integrating these
issues into coherent and executable operations.

Education, Training, and Certification of Personnel Involved with Offshore Drilling

During their mergers and consolidations in the 1990s, E&P companies saw that the service sector and
contractors could provide much of the expertise that is required and that the companies could downsize
their technical staffs and research and development organizations. This change in philosophy by the
operating companies had the effect of converting experienced and trained personnel into outside

*Report of the Society of Petroleum Engineers (SPE) Gulf of Mexico Deepwater Drilling and Completions
Advisory Summit to NAE/NRC Committee. March 2011.

’Responses of International Association of Drilling Contractors (IADC) to questions from the committee,
March 2011.
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consultants, working for service and contracting companies. In essence, much of the in-house expertise
was transferred out of the E&P companies making it almost impossible to standardize and easily
coordinate safety and operational training.

As the E&P industry moved towards greater reliance on contractors, consultants, and service
company support, a major challenge arose for operators to assess the experience levels, training, and
ability of the personnel to execute an integrated safety program for an offshore drilling operation.

Training requirements, including well control training, vary from company to company. While
many companies outsourced all of their training to outside companies, some companies attempted to
provide well control training in house.

Because contractor personnel control subsea systems, they have become the implementers of well control.
However, operating companies have the knowledge of geological conditions and well architecture.
Although such a divergence presents the need for cohesive team integration, rig crews tend not to be
trained as a team for activities such as well control, subsea problem solving, and other safety issues.
Given that exercises as a team for emergencies tend to consist mainly of periodic drills to muster at life
boat stations, this leaves much uncertainty as to how the crew will respond in an emergency.

Also, there is a need to educate technical and managerial personnel in system risk assessment and
management. In its accident investigation report, BP indicated that “A formal risk assessment might have
enabled the BP Macondo well team to identify further mitigation options to address risks” with respect to
cementing the well during the temporary abandonment process.'® More broadly, no evidence was found
to indicate that any of the critical operational decisions made while drilling the Macondo well were
subjected to a formal risk assessment process (BOEMRE, 2011; Presidential Commission, 2011).

Summary Observation 5.5: The extent of industry training of key personnel and decision
makers has been inconsistent with the complexities and risks of deepwater drilling.

Observation 5.6: There are too few standardized requirements across companies for
education, training, and certification of personnel involved in deepwater drilling.

Near-Miss Information

Gathering and disseminating near-miss information can play an important role in avoiding accidents.
Worldwide, governments have different requirements for recording and retaining drilling information,
including near-miss well-control incidents. Current and past efforts in the United States to collect and
disseminate relevant data on well drilling generally rely on the mandatory reporting of accidents resulting
in pollution events, injuries or fatalities. There is no program analogous to the Aviation Safety Reporting
System (ASRS) in U.S. civil aviation which allows airline pilots and other crew members to provide
near-miss information on a confidential basis. ASRS, which is based on voluntary reporting and
administered by NASA, analyzes the information and makes it available to the public and across the
aviation industry for educational purposes to lessen the likelihood of aviation incidents and accidents.

For years companies and contractors in the oil and gas industry have collected drilling data on all
offshore wells. This data includes information on kicks, well pressures, and other aspects. Companies,
such as Shell, Statoil, and several others, have developed real-time drilling monitoring centers to collect
that information where on-shore personnel oversee the data streams. The sophistication of these centers
varies and how the companies use this data and information differs from company to company. However,
many offshore operations do not have real-time monitoring centers.

In a report from the Society of Petroleum Engineers, members indicated that the drilling industry
is generally not willing to “publicly share information about all errors, omissions, and questionable results
because of the potential for liability, legal partner issues, competitive pressures, and unpredictability of

°BP (2010) p 34.
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court rulings and public interpretation” (SPE 2011). According to members of the International
Association of Drilling Contractors, so long as legal liabilities exist, it is unlikely that efforts to share
near-miss information across companies will be fruitful (IADC, 2010).

Summary Observation 5.7: Overall, the companies involved have not made effective use of
real-time data analysis, information on precursor incidents or near misses, or lessons
learned in the Gulf of Mexico and worldwide to adjust practices and standards
appropriately.

Research and Development

For decades a significant majority of the research and development investments were made by individual
oil and gas companies. However, about 20 years ago, as deepwater exploration and development was
evolving into a major activity in the Gulf of Mexico, many companies were reducing R&D spending
(NPC 2006). The move to outsource R&D in general had begun. The remaining research that was being
carried out had to do more with facilities and deepwater exploration, drilling, and production technologies
than system safety. R&D focused on system safety includes aspects such as better safety software, real-
time data monitoring and interpretation, and systems simulations that could assess the risk levels of a
given deepwater drilling system. R&D that is focused on system safety should also involve the capability
to assess effects of environmental conditions on MODU operation which includes the drilling unit.

Summary Observation 5.8: Industry’s R&D efforts have been focused disproportionately on
exploration, drilling, and production technologies as opposed to safety.

RECOMMENDATIONS
Responsibility and Accountability

Summary Recommendation 5.1: Operating companies should have ultimate responsibility
and accountability for well integrity, because only they are in a position to have visibility
into all its aspects. Operating companies should be held responsible and accountable for
well design, well construction, and the suitability of the rig and associated safety
equipment. Notwithstanding the above, the drilling contractor should be held responsible
and accountable for the operation and safety of the offshore equipment."’

Recommendation 5.1a: Coordination of multiple contractors should be reinforced in
order to maintain a common focus on overall safety.

Recommendation 5.1b: Operating companies should develop and maintain the proper
oversight of contractor work.

The operating company assumes the responsibility to understand the environment of well
drilling, including characteristics of the marine surface, subsurface, seafloor, and local weather. The
operator also assumes the responsibility to select and ensure that all the equipment to drill a well is safe,
reliable, certified, and can execute the well drilling program. Furthermore, the operator is responsible for
creating the well design and program that adheres to safety standards, and for being able to manage all
parties involved in executing the well plan. Because offshore operations require a high level of technical

""This recommendation is also presented in Chapter 6 as Recommendation 6.20.
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competencies, any organization that would assume the role of operator needs to have the readily available
and internal capacity to be able to access the technical and operational competencies of the contractors
and service providers.

However, drilling contractors (being the operator of the MODU and drilling equipment) have the
duty of making sure that their equipment and personnel are capable of executing a well plan, and that
personnel are properly trained and certified.

Operating companies generally rely on one of their representatives, often referred to as “the
company man” (or more formally as the well site leader), to coordinate all of the contractors and to have
the responsibility of the drilling activities. It is important that a system be in place whereby, prior to
changes in the shifts of the company man, there is an appropriate transition of knowledge, information
and responsibilities concerning the coordination of the contractors and activities.

Research and Development

Summary Recommendation 5.2: Industry should greatly expand R&D efforts focused on
improving the overall safety of offshore drilling in the areas of design, testing, modeling,
risk assessment, safety culture, and systems integration. Such efforts should encompass well
design, drilling and marine equipment, human factors, and management systems. These
endeavors should be conducted to benefit the efforts of industry and government to instill a
culture of safety.

Some research and development for general safety that is not necessarily tied into specific
operating companies can be done by outside organizations. Organizations such as EPRI'? and SINTEF"
provide possible analogs of how outside organizations can successfully contribute to safety improvement
in industry. Creation of industry, academia, and government consortia and collaborative R&D centers of
excellence can also significantly contribute to accomplishment of this goal.

As research efforts focused on the safety of offshore drilling operations have been relegated to
manufacturers, contractors, and service providers, much less of that research is being done by the
operators. Furthermore, there is little coordination of system safety research associated with offshore
drilling operations. Improved approaches are needed for assessing different safety-related scenarios and
the associated risk levels prior to the occurrence of a relevant incident. Industry-wide standards should
be developed for quantitative risk assessment to be used explicitly as a management tool for evaluating
the risks of alternative choices.

Education and Training
Summary Recommendation 5.3: Industry should undertake efforts to expand significantly

the formal education and training of industry personnel engaged in offshore drilling to
support proper implementation of system safety.

"2EPRI (Electric Power Research Institute) is an independent company that conducts research and development
relating to the generation, delivery and use of electricity for the benefit of the public. For example, EPRI’s Risk and
Safety Management Program conducts research for the development of a risk-informed framework to nuclear power
plants. http://portfolio.epri.com/default.aspx

BSINTEF (Stiftelsen for Industriell og Teknisk Forskning) is an independent research organization based in
Scandinavia that conducts research on technology, medicine, and the social sciences. One of SINTEF's primary
objectives is to provide a better in-depth understanding of how to assess, monitor and control safety and reliability.
http://www.sintef.no/home/
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Recommendation 5.3a: Education of rig personnel early in their careers can be provided
through a system similar to community or technical colleges.

Recommendation 5.3b: In addition to rig personnel, onshore personnel involved in
overseeing or supporting rig-based operations should have sufficient understanding of
the fundamental processes and risks involved.

Recommendation 5.3c: A research process is needed for establishing standardized
requirements for education, training, and certification of everyone working on an
offshore drilling rig. Additional standardized requirements should be established for
education, training and certification of key drilling-related personnel working offshore
and onshore.

There is a critical lack of specific education for drilling operations, especially offshore drilling.
Although there are a variety of related engineering disciplines such as petroleum, mechanical, chemical,
and industrial, only a few programs offer introductory courses in drilling. Therefore individuals receive
drilling engineering training through programs designed within a company, which generally include some
type of apprentice program that provides actual drilling experience under the oversight of experienced
drilling personnel. Offshore drilling engineering tends to rely on principles developed for onshore
operations while gaining experience from offshore operations. Some offshore drilling engineers working
for contractors, change roles and work for operators.

Drilling personnel come from all walks of life, usually starting in the onshore drilling industry,
learning by experience with hardly any formal education in key aspects including the overall drilling
system, geology, fluid flow, and chemistry. Offshore drilling personnel can be recruited from a variety of
institutions and organizations including technical schools, general colleges, and those with specialized
naval backgrounds. Few recruits are likely to have even a fundamental understanding of the overall
drilling system and the environment into which the system is deployed. Training is mostly done by
contractors and is focused on a specific job. There are commercial organizations that provide required
training, such as for well control and survival (e.g., helicopter underwater egress training), but little else.
Different companies have different training and career paths that vary greatly. There are few industry
standards for the level of education and training required for a particular job in drilling.

Incident Reporting Systems

Summary Recommendation 5.4: Industry and regulators should improve corporate and
industry wide systems for reporting safety related incidents. Reporting should be facilitated
by enabling anonymous or “safety privileged” inputs. Corporations should investigate all
such reports and disseminate their lessons-learned findings in a timely manner to all their
operating and decision-making personnel, and to the industry as a whole. A comprehensive
lessons-learned repository should be maintained for industry-wide use. This information
can be used for training in accident prevention and continually improving standards."*

Thousands of offshore wells have been drilled, some with extreme difficulty. However,
information on near misses or the events that might have caused near misses are rarely exchanged through
the trade literature or professional meetings. Also, the committee is unaware of any publically available
database on near-misses and their causes, specifically for the Gulf of Mexico. There appears to be an
industry-wide reluctance to disseminate information on such events; most companies retain the
information only for internal use, except for when they are required to reveal such information.

"This recommendation is also presented in Chapter 6 as Recommendation 6.14.
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Fostering Safety Culture

Summary Recommendation 5.5: Industry should foster an effective safety culture through
consistent training, adherence to principles of human factors, system safety and continued
measurement through leading indicators.

Leading indicators provide ongoing assurance that risks are being adequately controlled. An
example of a leading indicator would be a measure of preparedness to manage an emergency situation.
One component of that measure would be the training sessions conducted by an offshore team. (See HSE
(2006) and OECD (2008) for other examples.)

Recommendation 5.5a: The committee endorses the concept of a “center for offshore
safety” to train, monitor the work experience of, and certify (license) personnel.
Leadership of the center should involve persons affiliated with one or more neutral
organizations that are outside of the petroleum industry.

Recommendation 5.5b: Effective response to a crisis situation requires team work to
share information and perform actions. Training should involve on-site team exercises
to develop competent decision making, coordination, and communication. Emergency
team drills should involve full participation, as would be required in actual emergency
situations, including a well blowout. Companies should approach team training as a
means of instilling overall safety as a high priority.

Recommendation 5.5c: Use of training simulators similar to those applied in the
aerospace industry and the military should be considered. Approaches using simulators
should include team training for coordination of activities in crisis situations.

The oil and gas industry has viewed training as being the responsibility of each company, whether
it be an operating company, a service provider, or a drilling contractor. Training, such as for well control
and survival in harsh environs, could be obtained from a variety of different sources that have certified
training programs.

Each company, whether an operator or contractor, specifies its level of training and experience
for a particular job function and how much training per year is required. There is little industry-wide
uniformity in the amount of training and the type of training required for a particular job. Testing after
training also has not been standardized as well as follow-up to assess competency levels. Overall, in the
drilling industry there is little uniformity in the type, amount, and frequency of training. And there is a
noticeable lack of team training and training of management personnel making critical decisions for
offshore drilling operations. (See recommendations in Chapter 4 on education and training of rig
personnel.)

Capping and Containment Systems
Summary Recommendation 5.6: Efforts to reduce the probability of future blowouts should
be complemented by capabilities of mitigating the consequences of a loss of well control.

Industry should ensure timely access to demonstrated well-capping and containment
capabilities.
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The Macondo well-Deepwater Horizon event, where the BOP system failed to contain the
hydrocarbons that escaped thousands of feet below the water surface, presented a challenge to the
offshore industry as a whole that it was not immediately prepared to address. There was no primary
containment system available to contain the well. The operator was compelled to use what equipment was
readily obtainable in or near the Gulf of Mexico and to adapt various makeshift designs (using trial and
error) of risers, caps, and other equipment to contain the hydrocarbon flow, direct it to floating production
facilities, and eventually stop the flow out of the well. This process took months while millions of barrels
of hydrocarbons flowed into the Gulf waters. The incident dramatically showed the vulnerability of
subsea BOP systems. Therefore, access to some type of containment system that can be rapidly deployed
to a well is an essential aspect for offshore drilling in the near future while BOP system reliability is
improved.

We endorse industry’s recent initiatives to establish highly capable containment systems in the
event of future well blowouts. One such initiative is the well-containment response system developed by
the Helix Well Containment Group."® It is a consortium of deepwater operating companies in the Gulf of
Mexico with the objective of expanding capabilities to respond to a subsea spill. Each member company
contributes expertise and resources to help the group develop the capability of rapid intervention,
response and containment. This system is now operational.

Also, the Marine Well Containment Company (MWCC) is an organization set up for the purpose
of containing an underwater well control incident in the U.S. Gulf of Mexico. Membership is open to all
oil and gas operators in the U.S. gulf waters, and the group is funding and building a containment system
intended to be more flexible than the Helix system. It will be compatible with a wide range of well
designs and equipment, oil and natural gas flow rates and weather conditions.'®

Industry and/or other organizations should support the further development of containment
systems with R&D efforts, field tests, risk analysis, simulations, among others to continuously improve
its preparedness, reliability, and effectiveness of future containment.

Phttp://www.hwcg.org/
"http://www.marinewellcontainment.com/index.php
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6

Regulatory Reform

Offshore oil and gas exploration and production are inherently hazardous activities requiring the
coordinated utilization of many complex systems by hundreds of people working for dozens of companies.
Hazards associated with offshore drilling operations arise from a variety of activities and factors. As
indicated in Chapter 5, some hazards can lead to accidents on the scale of individual workers and are in
the realm of occupational safety. In contrast, system safety’ refers to offshore drilling hazards that can
lead to accidents on a much larger scale, potentially involving multiple fatalities, substantial property loss,
and extensive environmental damage. Given the charge to the committee, this chapter focuses on
regulatory reform related to improving system safety.

The Minerals Management Service (MMS) of the U.S. Department of the Interior (DOI) was the
federal agency primarily responsible for regulating the safety of offshore drilling at the time of the
Macondo well-Deepwater Horizon incident. After the incident, the newly formed Bureau of Ocean
Energy Management, Regulation and Enforcement (BOEMRE)* was assigned responsibility for
regulating safety of offshore drilling operations previously assigned to MMS. As reorganizations
continued within DOI, BOEMRE split into two entities on October 1, 2011. Currently, the Bureau of
Safety and Environmental Enforcement (BSEE) is the federal entity responsible for safety and
environmental oversight of offshore oil and gas operations. Several other agencies, such as the U.S. Coast
Guard, also play important regulatory roles. The regulatory authorities sometimes overlap and specific
agreements between agencies are used in some cases to define regulatory jurisdictions.

Since the Macondo well-Deepwater Horizon incident, DOI has undertaken several actions in an
effort to improve the safety and reduce risks associated with offshore oil and gas activities. This chapter
considers efforts intended to shift the regulatory system for deepwater drilling from reliance on mainly
prescriptive regulations to performance-based regulations that specify safety goals to be achieved by the
regulated organizations, as discussed below. The chapter also provides recommendations for enhancing
the regulatory reform that is now underway. The recommendations were developed to address needs
indentified during presentations to the committee, in previously published reports (such as Presidential
Commission 2011), and the committee’s evaluation of regulatory systems for offshore drilling in the Gulf
of Mexico and other locations (e.g., the North Sea).

'In some industries (e.g., chemical) the term is also referred to as process safety.

20On May 19, 2010, Interior Secretary Salazar issued Secretarial Order No. 3299, which restructured MMS by
reassigning its responsibilities to two newly formed bureaus. The bureau, eventually named The Bureau of Ocean
Energy Management, Regulation and Enforcement, was assigned responsibility for regulating safety of offshore
drilling operations.
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REGULATION OF U.S. OFFSHORE DRILLING PRIOR TO
THE MACONDO WELL BLOWOUT

MMS had relied upon a primarily prescriptive approach for regulation of the offshore drilling in which
specific requirements for equipment and operations were developed, and then compliance with the
regulations was monitored through auditing. Prescriptive regulations are often developed through a
multiyear process in response to past events or observed trends. As a result, the regulations invariably are
neither timely nor complete and lag behind the development of new technologies.

Over the past few decades, exploration and production companies within the oil and gas industry
developed advanced technology that led to a marked increase in deepwater drilling in the Gulf of Mexico.
During that period, implementation of the predominantly prescriptive regulatory system for deepwater
drilling employed by MMS did not keep up with these technological advances and was made more
problematic because its level of funding and technical staffing remained static or decreased as industry’s
offshore drilling activity increased. Also, the distribution of those limited resources among MMS regions
was not aligned with the relative amounts of offshore industrial activity in the regions. The Pacific region,
with about 1 MMS inspector for every 5 offshore facilities, was more fully staffed and equipped than the
Gulf of Mexico regions, which employed about 1 inspector for every 54 facilities (DOI 2010b).

As discussed previously in this report, the Macondo well blowout was precipitated by multiple
flawed decisions involving the operator, drilling contractor, and service companies as they proceeded
toward temporary abandonment of the well despite indications of increasing hazard. The net effect of
these decisions made by the rig personnel was to reduce the available margins of safety that take into
account complexities of the hydrocarbon reservoirs and well geology discovered through drilling and the
subsequent changes in the execution of the well plan. Critical aspects of drilling operations were left to
industry to decide without review by MMS of the overall risk of the changes made to the temporary
abandonment procedures. For example, no person in authority from a regulatory agency was required to
review critical test data from Macondo, such as the results of the negative pressure test. Had this been a
requirement before operations could continue, it is possible that the test data would have exposed the fact
that the hydrocarbon-producing formations had not been adequately isolated and were in communication
with the well (see Chapter 2). Also, prior to the Macondo well blowout, there were numerous warnings to
both the industry and regulators about potential failures of BOP systems widely in use. While the
inadequacies were identified and documented in various reports over the years, it appears that there was a
misplaced trust by both industry and responsible government authorities in the ability of the BOP to act as
a fail-safe mechanism (see Chapter 3).

The National Commission on the BP Deepwater Horizon Oil Spill and Deepwater Drilling found
that MMS regulations were inadequate to address the risks of deepwater drilling, and did not assess the
full set of risks presented by the temporary abandonment procedure used at the Macondo well. The
National Commission report also noted that MMS lacked sufficient personnel with the expertise and
training needed to enforce those regulations effectively and to supplement the regulations by
appropriately assessing the procedure’s safety (Presidential Commission 2011). In its report regarding the
causes of the Deepwater Horizon-Macondo well incident, BOEMRE concluded that at the time of the
blowout, MMS did not have a comprehensive set of regulations specifically addressing deepwater
technology, drilling, or well design. Had improved regulations been in effect at the time, they may have
decreased the likelihood of the Macondo blowout (BOEMRE 2011).*°

’A general discussion of federal regulation of offshore drilling in the United States with a focus on regulatory
oversight of deepwater drilling in the Gulf of Mexico is provided Presidential Commission (2011).

“The BOEMRE report describes various regulatory approvals provided by MMS prior to the blowout.

The BOEMRE report also indicates the BOEMRE panel found evidence that parties involved in drilling the
Macondo well violated federal regulations in place at the time of the blowout.
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Based on its review of the regulatory scheme in place at the time of the Macondo well blowout
and the chronicle of events leading up to the incident, the committee presents the following observations:

Summary Observation 6.1: The regulatory regime was ineffective in addressing the risks of
the Macondo well. The actions of the regulators did not display an awareness of the risks or
the very narrow margins of safety.

Summary Observation 6.2: The training of key personnel and decision makers in regulatory
agencies has been inconsistent with the complexities and risks of deepwater drilling.

Summary Observation 6.3: Overall, the regulatory community has not made effective use of
real-time data analysis, information on precursor incidents or near misses, or lessons
learned in the Gulf of Mexico and worldwide to adjust practices and standards
appropriately.

For example, MMS last produced an analysis of offshore incidents for calendar year 2000
(Presidential Commission 2011).

DOI’S SAFETY AND ENVIRONMENTAL MANAGEMENT SYSTEM PROGRAM

The Deepwater Horizon-Macondo well incident, like major offshore accidents in other countries,
demonstrated the need for a pro-active systems-safety approach, integrating all aspects of drilling
operations that potentially impact occupational and system safety. In this regard, we commend DOI for
instituting a Safety and Environmental Management System Program (SEMS) in 30 CFR 250 [75 Fed
Reg. 63610 (October 15, 2010)]. Implementation of SEMS began on November 15, 2011.

SEMS is a pro-active, goal-oriented risk management system, in many ways similar to the
systems used in the North Sea by the United Kingdom and Norway and on the outer continental shelves
of Canada and Australia. SEMS requires companies to develop, implement, and manage a safety and
environmental management system in accordance with the American Petroleum Institute’s Recommended
Practice 75 for Development of a Safety and Environmental Management Program for Offshore
Operations and Facilities. The committee sees this development as an important step toward achieving a
comprehensive reform of the regulatory processes governing offshore drilling activities in U.S. waters.

The advantages of goal-setting, risk management systems over prescriptive regulatory systems
include:

e Putting the focus on achieving clearly stated health, safety and environmental objectives;

e Requiring operators, drilling contractors, and service companies to document their approach
to safety, in contrast to basing safety on compliance with prescriptive regulations;

e Requiring operators, drilling contractors, and service companies to work together to meet
safety objectives;

e Formalizing and documenting the risk management procedures and responsibilities of all
parties;

e Providing a context for effective communication on health, safety and environmental issues
as they arise;

e Providing for checks and balances for well planning and operations, especially in regard to
management of change;

o Allowing for the health, safety and environmental procedures and policies of all participating
companies to be incorporated into a unified health, safety and environmental plan;
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e Providing the opportunity for independent assessment of well planning, drilling and related
operations and overall conformance to stated goals for health, safety and environmental protection;

e Providing a cost effective approach to regulating the evolving technology employed by the
offshore oil and gas industry, enabling a reduction in prescriptive regulations ; and

e Potentially reducing the cost of compliance for companies already familiar with similar
approaches used elsewhere in the world.

While we strongly endorse the actions of DOI in establishing the SEMS requirements, we see this
as a first step in a long process toward achieving the capabilities required of an appropriate regulatory
system for offshore drilling in the United States. An appropriate regulatory system should:

o Be effective both in regulating high risk/high consequence wells, such as those in deepwater
or those likely to encounter very high pore pressures, and relatively low risk wells, such as in-fill wells in
relatively shallow water.® As part of being an effective regulatory system, provide a mechanism for the
government to assess the risks (and the measures proposed to manage those risks) associated with the
proposed well plan. Also provide a way for the government to assess the competence of the companies
and individuals to be involved in carrying out the proposed drilling activities.

e Incorporate a formal management of change process that would allow well plans and
procedures to adapt to uncertainties in geology and pore pressure, to changing weather conditions, among
other factors, while keeping parties informed of ongoing changes.

e  Work effectively with the structure of the U.S. offshore oil and gas industry. Encourage the
development and integration of a strong safety culture and safety management systems among operating
companies (and Joint Venture partner companies), drilling contractors and service companies.

o Ensure that all drilling activities are conducted with risks reduced as low as reasonably
practical, and

e Motivate industry to invest in technologies and processes that will further minimize risk.

All of this said, no regulatory system will, by itself, ensure safe drilling operations. Most
important is that every company involved, including operators and partner companies, drilling contractors,
and equipment and service providers develop, promote and operate in a system safety culture embraced
by top management and implemented in every phase of drilling operations. No matter what regulatory
system is used, safe operations ultimately depend on the commitment to system safety by the people
involved at all levels within the organization.

GOAL-ORIENTED RISK-MANAGEMENT REGULATORY SYSTEMS

Until recently, the United States depended on a primarily prescriptive regulatory system in which
operators were required to demonstrate conformance with established regulations. Other countries used
similar prescriptive regulatory systems until a series of accidents pointed to the need to adopt a pro-active,
goal-oriented risk management system similar to the one recommended here. In Norway, the precipitating
events for a major change of their regulatory system resulted from several serious accidents over an 11
year period: the blowout on the Bravo platform in the Ekofisk field in 1977 and the capsizing of the
Alexander Keiland, a ship used as a floating hotel for Ekofisk workers in 1980 (killing 123 of 212 people
on board). Similarly, in the United Kingdom, the explosions and fire aboard the Piper Alpha production
platform off Scotland in 1988 (killing 167 workers), and in Canada the sinking of the Ocean Ranger
semi-submersible drilling platform off Newfoundland in 1982 (killing all 84 crew members) caused these
countries to adopt a mostly pro-active, goal-oriented approach to system safety. An important attribute of

®In fill wells are new wells that are drilled within the original well pattern of a development area. Because a
number of wells have already been drilled in the area, a great deal is known about optimal drilling procedures.
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goal-oriented risk management systems is that they provide a greater opportunity for the adoption of new
technology as it becomes available. For example, both in U.S. waters and abroad, several of the operating
companies are utilizing shore-based real-time operations centers to monitor offshore drilling operations
24/7 although there is no explicit requirement to do so.

Fundamentally, goal-oriented risk-management systems require that companies responsible for
compliance demonstrate to regulators that procedures for health, safety and environmental protection are
in place to achieve explicitly stated safety goals to both prevent and effectively respond to all conceivable
accidents. Consideration is given to elements such as redundant barriers (designed to minimize the
likelihood of accidents) and controls (designed to provide detailed plans, procedures, and facilities for
responding to accidents should they occur). Also, industry demonstrates that its management system
ensures its personnel always have the qualifications and training necessary for performing their duties in a
safe manner.

There are three fundamental strategies that are employed in goal-oriented risk management
systems to deal with drilling and safety systems: reduce the likelihood of malfunctions in system
components, reduce the effects of malfunctions should they occur, and increase the detection and
correction of malfunctions in system components. There are different methods that can be employed in
the context of these three strategies to enable the designated 'acceptable risks' (the explicit goals) to be
realized.

Implementation Aspects of a Goal-Oriented Risk Management System

It is helpful to consider some specifics to better understand how goal-oriented risk management systems
work. First, it is important to recognize that instead of listing explicit regulations, they principally rely on
meeting functional safety requirements through utilization of equipment and procedures that conform
with explicit standards, guidelines and best practice documents. In Norway, the Petroleum Safety
Authority (PSA) retains a limited number of explicit regulations, but primarily relies on guidelines
associated with international codes and standards (including some specific to the European Union) as well
as specially developed national (NORSOK) standards to define best practices as applied to different
systems. For example, NORSOK D-010 lists standards for well integrity, BOP testing, cementing, etc.
whereas NORSOK 001 applies to drilling equipment. In addition, the drilling contractor must obtain an
“Acknowledgement of Compliance” (AoC) covering their equipment, personnel, and safety management
systems. It also is important to recognize that in Norway these codes and standards are considered “living
documents” with frequent reviews and updates resulting from consultation between industry and
regulators.

Finally, while a fundamental aspect of the Norwegian regulatory system is a high degree of
dialog, consensus and trust between operating companies and regulators, PSA carries out drop-in audits
of offshore operations utilizing its own personnel, experts from SINTEF (an independent research
organization), and other outside experts. If it determines that the company does not have sufficient
expertise to carry out the proposed drilling plan, PSA withholds consent of an operator’s plan. Drilling
operations are not allowed to proceed until PSA provides its consent. It is important to note that the
regulatory approaches used by the United Kingdom and Norway in the North Sea have been tailored to
the structure of their governments, local industry and labor. Applying the concept of goal oriented risk
management to the Gulf of Mexico will require similar tailoring. However, many of the concepts and
documents used for the North Sea can provide valuable templates for a system structured for the United
States. In addition, both the UK’ and Norway® have extensive, long-term R&D efforts that help industry
and government regulators advance technology, management, and governance to meet current operational
requirements.

"http://www.hse.gov.uk/offshore/offshoreresearch.htm
*http://www.ptil.no/technical-reports-seminars-r-d/category162.html
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Tools for Clarifying the Roles Among Companies within a
Goal-Oriented Risk Management System

The basic planning documents of a goal-oriented risk management system are the risk management plans
of the drilling contractor, operator, and service companies. We support the concept of a project specific
bridging document for use in the United States that integrates the risk management plans of all parties
involved in a given project. The American Petroleum Institute (API) and the International Association of
Drilling Contractors (IADC) are developing a Well Construction Interface Document (WCID) that could
be a model for such a bridging document. Several advantages of utilizing a bridging document as part of a
goal-oriented risk management system are that it could help:

e Unify the risk management systems of the operator, drilling contractor, and service
companies in a way that clearly defines the roles and responsibilities of all parties for health, safety and
environmental protection;

e Provide detailed project-specific information to be shared by key personnel regardless of
whether they are employed by the operator, the drilling contractor, or a service company; and

e Facilitate the management of change process and serve as a mechanism to communicate the
implications of program changes to all key personnel.

Offshore drilling in U.S. waters is frequently done by a group of partner companies, who jointly
own the lease. Through a joint operating agreement, the partner companies stipulate who the operating
company will be (usually this is the company with majority interest) and the financial terms and
responsibilities that govern the partnership. While it is recognized that the operating company has the
principal responsibility for compliance with rules and regulations governing offshore operations, the
partner companies (as co-lease holders) should have a "see to" responsibility to ensure that the operator is
conducting activities in a manner where risk is as low as reasonably practicable (ALARP), which has a
legislative and legal base and provides the strength for regulatory - governance enforcement. While these
responsibilities may be spelled out in the joint operating agreement among the partner companies (along
with financial liabilities), such shared responsibilities should also be clearly called out in the oil and gas
lease agreements administered by DOI.

A Hybrid Goal-Oriented Risk Management System

Well construction and abandonment operations include points of critical safety at which faulty decisions
would likely result in a substantial increase in hazard. Examples include casing and cementing operations
(which would encompass reviewing cement bond logs and formation integrity tests) and the establishment
(and testing) of multiple barriers to flow prior to temporary or permanent well abandonment. A hybrid
regulatory approach—that expands upon the SEMS goal-oriented safety system with requirements for
explicit regulatory review and approval of the safety critical points before operations can proceed—would
help guard against key faulty decisions being made. This expansion of SEMS is analogous to adding the
inspection and sign-off process associated with routine construction projects and is the standard practice
of the Bureau of Land Management during its regulation of onshore drilling for oil and gas on federal
lands.

Similarly, when operating conditions exceed limits of safety and create hazardous conditions,
regulatory approval is warranted for operations to proceed. Examples include when the difference
between the equivalent circulating density and the fracture gradient is not greater than a pre-defined
minimum value either during drilling or cementing.

Offshore drilling operations will be facing increasing degrees of complexity as operations move
into ever-greater water depths and challenging environments — in some cases complex operations may
require a process of continual problem-solving. For operations to proceed safely and efficiently in
challenging environments, it is essential for private industry and BSEE to work in close collaboration in
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developing a list of safety critical points and in establishing safe operating limits. It is also critical that
BSEE have knowledgeable personnel in place to provide meaningful reviews. The requirements for
regulatory review and approval should not deter operating companies from developing comprehensive
risk assessment systems with clearly stated goals.

Barriers to Implementation

A number of the companies operating in the Gulf of Mexico use pro-active risk management systems in
foreign countries where they have been operating for many years. These systems address operational
safety through the full life cycle of drilling and well completion activities. In fact, some oil and gas
companies are already using risk management systems similar to SEMS when carrying out deepwater
drilling in the Gulf of Mexico for internal project management. We recognize, however, that utilization of
a new regulatory system for offshore drilling risk management will place new demands on both private
industry and BSEE, but in the long-term the system would likely reduce compliance costs as compared to
the cost of complying with increasing amounts of prescriptive regulations. More important, an effective
regulatory system has the potential to reduce the extraordinary costs associated with catastrophic
accidents such as those associated with Macondo well. Given that the disaster might have been avoided
had improved regulations been in place, the potential benefits of an effective regulatory system are self-
evident.

Offshore drilling in U.S. waters has a unique history, culture and suite of business practices. The
utilization of SEMS will require new ways of thinking (and a new mode of interaction) between the oil
and gas industry companies, contractors and service companies and BSEE and other U.S. regulatory
agencies. The utilization of SEMS will require companies to adopt both a top down and bottom up safety
culture. Safe drilling operations cannot be achieved solely through regulations, inspections or mandates.
Safe drilling operations will only be realized when there is a full commitment to system safety from the
board room to the rig floor, while recognizing that a focus only on occupational safety will not ensure
system safety. Compliance with either prescriptive regulations or standards related to achieving specific
safety goals need to be considered a minimum requirement and not necessarily meeting duty of care
obligations.

The utilization of SEMS will require increased competence of everyone involved in offshore
drilling operations — from the engineers developing technical plans and the workers and technicians
carrying them out to the regulators overseeing such operations. As discussed in Chapter 5, there is an
imperative need for a more educated and better-trained work force in the United States to avoid
catastrophic system failures and meet the challenges of the future. This need includes a more educated
and better-trained regulatory workforce.

RECOMMENDATIONS
Regulatory Development and Implementation
Summary Recommendation 6.1: The United States should fully implement a hybrid
regulatory system that incorporates a limited number of prescriptive elements into a pro-
active, goal oriented risk management system for health, safety, and the environment.
Recommendation 6.2: BSEE should continue to work closely with private industry and other

agencies in adopting and developing comprehensive goals and standards to govern the
many processes and systems involved in offshore drilling.
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The emphasis of these goals and standards should not be to develop new regulations and
requirements. Instead, they should provide a foundation for implementation of a pro-active, interactive
and reactive risk management system by BSEE for drilling in U.S. waters.

Recommendation 6.3: BSEE should make effective use of existing industry standards, well-
established international standards, and best practice guidelines used by other countries,
but it should recognize that standards need to be updated and revised continually.

The standards should be forward looking and not only incorporate the many lessons learned from
the Macondo well-Deepwater Horizon accident, but also strive to identify potential problems in future
drilling projects.

Recommendation 6.4: As the SEMS program moves forward in the United States, BSEE
should incorporate the steps already taken by private industry (and industry associations
and consortia) to improve offshore drilling safety after the Deepwater Horizon accident.

As discussed in Chapter 5, these steps include the development of several well containment
corporations to enable member companies to access a wide array of equipment and personnel to minimize
the environmental impact of drilling-related accidents and oil spills, should they occur. Another industry-
led advance has been the Center for Offshore Safety. This center has the potential to engage the CEO’s of
oil and gas companies, drilling contractors, and service companies in risk management; set standards for
training and certification; develop accreditation systems for industry training programs; and facilitate
industry participation in safety audits and inspections. Ideally, the center should represent a collaboration
of industry and government.

Recommendation 6.5: Quantitative risk analysis should be an essential part of goal-oriented
risk management systems.

This formalism achieves several purposes. First, it provides a check that the risk (defined in
quantitative terms) is tolerable. If the risk cannot be tolerated, it will define the adoption of measures, in
the right order of priorities, to lower the risk. Second, it can be used to support decisions based on risk
management models that individual companies currently use. Several oil companies already have
sophistication in this area; quantitative risk analysis is used in exploration, portfolio management, and
well design. It also important to take care that caution and expert judgment be exercised to guard against
the use of flawed data. In addition, those who perform the analyses should be able to effectively
communicate the results for operational and management implementation.

Summary Recommendation 6.6: BSEE and other regulators should identify and enforce
safety-critical points during well construction and abandonment that warrant explicit
regulatory review and approval before operations can proceed.

Recommendation 6.7: To augment SEMS, BSEE should work closely with private industry
to develop a list of safety-critical points during well construction and abandonment that will
require explicit regulatory review and approval before operations can proceed.
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Examples are casing and cementing operations (which would encompass reviewing cement bond
logs and formation integrity tests) and the establishment and testing of multiple barriers to flow before
temporary or permanent well abandonment.

Recommendation 6.8: As part of a hybrid risk management system, BSEE should establish
safe operating limits, which when exceeded, would require regulatory approval for
operations to proceed.

Operating limits and checks should be established as part of the operator’s management program,
which will be reviewed and audited by the regulator. Examples of safe operating limits are the
functionality of safety-critical systems such as the BOP (see Chapter 3) and the difference between the
equivalent circulating density and the fracture gradient not being greater than a certain minimum (either
during drilling or cementing) (see Chapter 2). These operating limits should be established in
collaboration with industry.

Recommendation 6.9: BSEE should incorporate requirements for approval and certification
of key steps during well construction into codes and standards.

Recommendation 6.10: BSEE should review existing codes and standards to determine
which should be improved regarding requirements for: (a) use of state-of-the art
technologies, especially in areas related to well construction, cementing, BOP functionality,
and alarm and evacuation systems, among others, and (b) approval and certification
incumbent to management of changes in original plans for well construction.

Recommendation 6.11: The manner in which the above-mentioned codes and standards will
be enforced should be specified by BSEE in the well plan submitted by operating companies
for approval.

Recommendation 6.12: BSEE should adopt a system of precertification of operators,
contractors, and service companies before granting a drilling permit for especially
challenging projects.

The precertification process would evaluate the technical sophistication and capabilities of both
equipment and personnel tasked with carrying out drilling-related activities in the severe conditions of the
deepwater environment. Specific criteria should be developed for conducting the evaluation.

Recommendation 6.13: BSEE should consider the use of independent well examiners, to help
in reviewing well plans and in regularly monitoring ongoing activities during drilling,
completion and abandonment.

Independent well examiners are currently used in the United Kingdom (HSE 2088) and can play a
productive role in reviewing the design of the well and in regularly monitoring ongoing activities during
drilling, completion and abandonment. Independent well examiners and third-party classification
societies, working under contract to BSEE, could be especially helpful conducting independent audits.
Ideally, the independent well examiners or classification societies should be involved in a given project
from its inception, including review of the well plan, through final well completion or abandonment
activities. In the using these entities, BSEE should take care not to abrogate its primary ultimate
responsibility for regulation of offshore drilling. In the UK, the regulator regularly audits the well
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examination arrangements. In addition, BSEE should develop requirements for determining the
competence of examiners and their independence from the operating company. BSEE should also identify
responsibilities for developing well examination schemes, ensuring scheme effectiveness, and ensuring
that appropriate actions are taken on recommendations made by the well examiner.

Near-Miss Reporting

Summary Recommendation 6.14: Industry and regulators should improve corporate and
industry wide systems for reporting safety related incidents. Reporting should be facilitated
by enabling anonymous or “safety privileged” inputs. Corporations should investigate all
such reports and disseminate their lessons-learned findings in a timely manner to all their
operating and decision-making personnel, and to the industry as a whole. A comprehensive
lessons-learned repository should be maintained for industry-wide use. This information
can be used for training in accident prevention and continually improving standards.’

As part of this process, near misses and accident precursors should be tracked as a way of
supporting a pro-active risk management system. Such a data base would be invaluable in enabling
regulators, companies and employees to learn from these occurrences.

Integration of Regulatory Approaches

Summary Recommendation 6.15: A single U.S. government agency should be designated
with responsibility for ensuring an integrated approach for system safety for all offshore
drilling activities.

Recommendation 6.16: As a first step, DOI should work with other departments and
agencies, with jurisdiction over some aspect of offshore drilling activities to simplify and
streamline the regulatory process for drilling on the U.S. outer continental shelf.

Offshore drilling operations are currently governed by a number of agencies with complementary
and in some cases overlapping areas of statutory responsibility. Table 6-1 lists a number of the principal
agencies that have jurisdiction over regulating various potential hazards related to offshore drilling.

As part of the process of regulatory reform that led Norway to change from a prescriptive to risk
management system (and that separated PSA from the Norwegian Petroleum Directorate), a concerted
effort was made to streamline, simplify, and centralize regulatory authority. Modifying the regulatory
system governing drilling operations will be most effective as part of an integrated system of reforms that
involve many of the hazards and agencies shown in Table 6-1.

Recommendation 6.17: BSEE should work with other federal agencies to delegate
supporting regulatory responsibilities and accountabilities for ensuring systems safety,
integrating all aspects of system safety for the parts of offshore drilling operations in which
a particular agency is involved (Table 6-1). BSEE should strive to involve the domain
expertise and core competencies of the other relevant agencies. BSEE should have purview
over integrating regulation, inspection, and monitoring enforcement for all aspects of
system safety for offshore drilling operations.

’This recommendation is also presented in Chapter 5 as Recommendation 5.4.
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TABLE 6-1 Offshore Drilling Operations and Relevant Federal Agencies

lAgencies exercising some jurisdiction over preventive
Hazard control measures **
Attack or terrorist activity FAA, FBI, FS, TSA, USCG
Blowout (loss of well control) EPA, BOEMRE, USCG
Explosion FS, BOEMRE, USCG
Events from adjacent installations BOEMRE
Epidemic or Pandemic CDC, USCG
Fire FS, BOEMRE, USCG
Diving operations BOEMRE, USCG
Dropped objects FS, BOEMRE, USCG
Helicopter crash FAA, USCG
Loss of stability FS, USCG
Major mechanical failure FS, USCG
Mooring or Station keeping failure FS, BOEMRE, USCG
Seismic activity F'S, BOEMRE, USCG
Ship collision FS, USCG
Structural failure FS, BOEMRE, USCG
Toxic release EPA, FAA, FS, BOEMRE, USCG
Weather and storms F'S, BOEMRE, NOAA, USCG

** Does not include possible jurisdiction to conduct an investigation following incident.

CDC=Center for Disease Control & Prevention,

EPA=Environmental Protection Agency,

FAA=Federal Aviation Administration,

FBI=Federal Bureau of Investigation,

FS=Flag-State maritime authority,

BOEMRE=Bureau of Offshore Energy Management, Regulation and Enforcement,

NOAA=National Oceanic and Atmospheric Administration,

TSA=Transportation Security Administration,

USCG=United States Coast Guard

NOTE: As a result of the recent reorganization of BOEMRE, the Bureau of Safety and Environmental Enforcement
(BSEE) is the successor organization with responsibility for enforcing safety and environmental regulations.
Source: International Association of Drilling Contractors (2011). Reprinted with permission; copyright 2011,
International Association of Drilling Contractors.

Recommendation 6.18: BSEE should work with other federal agencies to develop efficient
and effective mechanisms for investigating future accidents and incidents.

Net Assessment of Risk

Recommendation 6.19: DOI should require BSEE to provide the Secretary of the Interior
with a net assessment of the risks of future drilling activities so that such risks can be
factored into decisions with regard to new leases. Focusing on system safety, the assessment
should be a formal probabilistic risk analysis that evaluates risks associated with all
operations having the potential for significant harm to individuals, environmental damage,
or economic loss. The operations addressed by the assessment should include drilling and
well construction, temporary well abandonment, oil and gas production, and eventual well
abandonment.
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Responsibility and Accountability

Summary Recommendation 6.20: Operating companies should have ultimate responsibility
and accountability for well integrity, because only they are in a position to have insight
into all aspects. Operating companies should be held responsible and accountable for well
design, well construction, and the suitability of the rig and associated safety equipment.
Notwithstanding the above, the drilling contractor should be held responsible and
accountable for the operation and safety of the offshore equipment. (See Chapter 5)"°

Recommendation 6.21: In carrying out its regulatory responsibilities, BSEE should view

operating companies as taking full responsibility for the safety of offshore equipment and
its use.

This responsibility also encompasses the subsea equipment, including the BOP, used as critical
control barriers. As part of the pro-active risk management system recommended here, BSEE should
ensure that drilling contractors are required to obtain an AoC covering their equipment, personnel, and
safety management system. The AoC process is used by the Norway PSA to decide whether the agency
has confidence that drilling activities can be carried out using a particular mobile offshore drilling unit
within the framework of the regulations."’

Recommendation 6.22: While the operating company is recognized to have the principal
responsibility for compliance with rules and regulations governing offshore operations,
BSEE should require the partner companies (as co-lease holders) to have a “see to”
responsibility to ensure that the operator conduct activities in such a manner that risk is as
low as reasonably practicable .

Regulatory Personnel

Summary Recommendation 6.23: BSEE and other regulators should undertake efforts to
expand significantly the formal education and training of regulatory personnel engaged in
offshore drilling roles to support proper implementation of system safety.

Recommendation 6.24: BSEE should exert every effort to recruit, develop and retain
experienced and capable technical experts with critical domain competencies.

This is especially important in the context of the recently enacted SEMS risk management system
and the recognition that drilling on the outer continental shelf will grow in complexity. BSEE should
strive to increase its technical competencies across the wide spectrum of expertise involved in offshore oil
and gas exploration, including areas such as well design, cementing, BOPs, and remotely operated
underwater vehicles.

""This recommendation is also presented in Chapter 5 as Recommendation 5.1.
"http://www.ptil.no/acknowledgement-of-compliance-aoc/category159.html.
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Safety Culture

Summary Recommendation 6.25: BSEE and other regulators should foster an effective
safety culture through consistent training, adherence to principles of human factors,
systems safety, and continued measurement through leading indicators.'

Recommendation 6.26: As a regulator, BSEE should enhance its internal safety culture to

provide a positive example to the drilling industry through its own actions and the priorities
it establishes.

"2As discussed in Chapter 5, leading indicators provide ongoing assurance that risks are being adequately
controlled.
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Concluding Comments

The loss of control over the Macondo well initiated a tragedy of momentous consequences. Eleven
workers lost their lives, and the environment and economy of the gulf region were damaged in ways that
are still being assessed. Furthermore, the blowout and subsequent oil spill severely damaged public
confidence in both the offshore oil and gas industry and the federal regulatory process. A concerted effort
by all participants will be necessary to overcome the reputational damage caused by this event. As the
nation struggles with the consequences of dependency on foreign oil, it is appropriate that the risks
associated with the exploration for and production of oil be factored into political decisions on where,
when, and how to drill. All participants in the industry and regulatory communities have an obligation (1)
to ensure that such considerations reflect a factual assessment of the risks, not an emotional one, and (2)
to do all that they can to minimize those risks through technology development, personnel training, and
management systems. Neither objective is likely to be achieved if the risks and the responsibility for
addressing them are not recognized and accepted.

Envisioning failure is key to the safe development and operation of systems, particularly systems
that incorporate the complexity of a deepwater well. Risks must be recognized, quantified, and mitigated.
Designers, developers, operators, and regulators must know and understand that the risks are real and
conduct themselves accordingly. If they do not, they face the likelihood of dealing with the consequences
of the risks. There is an old saying in the U.S. Navy that there are only two categories of ship captains—
those who have run their ship aground and those who will—and captains who believe that they belong in
a third category shortly find that they are part of the first!

Neither industry nor U.S. regulators appear to have foreseen the risks of a Macondo-scale event.
Even after the Montara blowout in the West Timor Sea in August 2009, industry and regulators testified
before Congress,' providing assurances concerning the safety of operations in the Gulf of Mexico and the
adequacy of the regulatory process. Similarly, the lack of adequate, previously planned capping and
containment techniques evidences a failure to envision an incident of the type or magnitude experienced
at Macondo.

Today, industry and the regulators are both stating their good intentions. Industry is investing
significant resources in capping and containment systems, and regulators are making significant
organizational and process changes. The question remains as to whether these efforts are a start toward
recognition, acceptance, and active management of the risks inherent in offshore oil and gas development
or whether they represent a transitory response. For the sake of those who work offshore, those who live
near the Gulf of Mexico, and all those dependent on the U.S. economy, the committee fervently hopes
that these efforts are sustained.

'Senate Hearing 111-303, Nov. 19, 2009. http://www.gpo.gov/fdsys/pkg/CHRG-111shrg55331/html/CHRG-
111shrg55331.htm.
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Appendix A

Statement of Task

At the request of DOI, a National Academy of Engineering/National Research Council (NAE/NRC)
committee will be convened to examine the probable causes of the Deepwater Horizon explosion, fire,
and oil spill in order to identify measures for preventing similar harm in the future. The NAE/NRC
committee’s review will focus on an assessment of technologies and practices and include the following
tasks:

1. Examine the performance of the technologies and practices involved in the probable causes of
the explosion, including the performance of the “blowout preventer” and related technology features,
which ultimately led to an uncontrolled release of oil and gas into the Gulf of Mexico;

2. Identify and recommend available technology, industry best practices, best available
standards, and other measures in the United States and around the world related to oil and gas deepwater
exploratory drilling and well completion to avoid future occurrence of such events.

The NAE/NRC committee will issue two reports:

1. An interim letter report that addresses the probable causes of the Deepwater Horizon
explosion, fire, and oil spill and identifies potential measures to avoid such events. This report will be
issued no later than October 31, 2010, with the intent that the committee’s preliminary findings and/or
recommendations will be considered in the joint investigation by MMS (BOEM) and the Coast Guard, the
Presidential Commission, and any other formal review or investigation of the Deepwater Horizon
explosion, fire, and oil spill.

2. A final report that presents the committee’s final analysis, including findings and/or
recommendations, called for in tasks (1) and (2) above by June 1, 2011 (pre-publication version of report),
with relevant dissemination activities and a final published version to follow by December 30, 2011.

If at any time in the course of the NAE/NRC committee information-gathering activities
information is acquired indicating a public health or safety risk, the NRC will notify DOI of the
availability of such information.

The project is sponsored by the U.S. Department of the Interior.

Note: The prepublication version of the final report, initially due in June 2011, was completed in
December 2011.
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Public Agendas of the Committee on the Analysis
of Causes of the Deepwater Horizon Explosion,
Fire, and Oil Spill to Identify Measures to
Prevent Similar Accidents in the Future

During the course of its study, the committee held 22 meetings. The agendas listed below indicate
presenters and discussants who participated in public sessions.

MEETING ON AUGUST 12-13, 2010

Embassy Suites Washington-Convention Center
900 10th Street, NW
Washington, DC

THURSDAY, AUGUST 12, 2010

Welcome, purpose of public session, and introduction of committee members
Donald Winter, Committee Chair

U.S. Department of Interior
David Hayes, Deputy Secretary (via speaker phone)

Bureau on Ocean Energy Management, Regulation, and Enforcement (BOEMRE)
Michael Bromwich, Director
David Dykes, Chief, Office of Safety Management, Field Operations, Gulf of Mexico OCS
Region
John McCarroll, Manager, Lake Jackson District, Gulf of Mexico OCS Region

Committee discussion with BOEMRE presenters
American Petroleum Institute
Erik Milito, API Upstream Department
David Soffrin, API Standards Department

Andy Radford, API Upstream Department
Roland Goodman, API Standards Department
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Committee discussion with API presenters

Open mic for public comment

FRIDAY, AUGUST 13, 2010

Welcome and purpose of public session
Donald Winter, Committee Chair

U.S. Coast Guard
CAPT Eric Christensen, Chief, Vessel Activities

Committee discussion with CAPT Christensen
CDR Jennifer Williams, Chief, Foreign and Offshore Vessel Compliance Division; and
LCDR Joseph Bowes, Program Manager, Offshore Compliance Branch

The Republic of the Marshall Islands, Office of the Maritime Administrator
Brian Poskaitis, Deputy Commissioner for Maritime Affairs

Committee discussion with Mr. Poskaitis;
CAPT Thomas Heinan, Deputy Commissioner for Maritime Affairs; and

Brian Bubar, Deputy Commissioner for Maritime Affairs

American Bureau of Shipping
Kenneth Richardson, Vice President of Energy Projects

Committee discussion with Mr. Richardson

MEETING ON SEPTEMBER 26, 2010

The Keck Center of the National Academies
500 Fifth Street, NW
Washington, DC 20001

Welcome, purpose of public session, and introduction of committee members
Donald Winter, Committee Chair

BP’s Deepwater Horizon Accident Investigation Report
Mark Bly, BP Group Head of Safety & Operations
Tony Brock, Vice President, Health, Safety, Security and the Environment (HSSE) &
Engineering, BP Exploration (Alaska), Inc.
Steve Robinson, Director and Vice President, BP Exploration (Alaska), Inc.
Kent Corser, Drilling Engineering Manager, BP North America Gas
Fereidoun Abbassian, Vice President, Drilling & Completions Technology
Dave Wall, Vice President, HSSE & Integrity Management
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Committee discussion with BP presenters
Halliburton Presentation
Thomas Roth, Vice President, Cementing
John Gisclair, In-site Support Coordinator, Energy Services Group

Committee discussion with Halliburton presenters

Marine Well Containment System
C.R. (Charlie) Williams, II, Chief Scientist - Well Engineering and Production Technology, Shell

Committee discussion with Mr. Williams

MEETING ON FEBRUARY 25, 2011

National Academies Keck Center
500 Fifth St, NW
Washington, DC 20001

Presentation via teleconference on enacted and planned regulatory changes made by the Bureau of Ocean

Energy Management, Regulation and Enforcement (BOEMRE) since the Deepwater Horizon incident.
Tommy Beaudreau, Senior Advisor to the BOEMRE director.

MEETING ON MARCH 11, 2011

JW Marriott Houston,
5150 Westheimer
Houston, Texas 77056

Welcome, purpose of public sessions, and introduction of committee members
Donald Winter, Committee Chair

Safety Case Example
Charlie Williams, Chief Scientist, Well Engineering & ProductionTechnology Shell

Responses to Committee’s Questions

Bill Arnold; GM Health, Safety & Environment; Worldwide Exploration & Production
ConocoPhillips

William Daugherty, Drilling Manager ATP Oil & Gas Corporation

Steve Kropla, Group VP Operations/Accreditation International Association of Drilling
Contractors

Charlie Williams, Chief Scientist, Well Engineering & Production Technology Shell

Richard Williams, President, Gulf of Mexico

Aaron Swanson, Director, OCS Regulation Baker Hughes

Responses to Committee’s Questions
Michael Denkl, HSE Manager North America Offshore and Alaska, Schlumberger Limited
Cory Loegering, Region Vice President — Deepwater Apache Corporation
Jeremy Thigpen, President of the Downhole & Pumping Group
Renju Jose, Manager, Corporate Development National Oilwell Varco
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Appendix C
Calculating the Differential Pressure

at the Start of the Negative Test and the
Quality of Foam Cement

See the well diagram in Figure C-1.

17483' top of spacer
118037' TOC inside casing
18304' end of casing

FIGURE C-1 Well diagram.

1. Pressure differential at the start of the negative test:

Ap =p,—pi
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where

Ap = pressure differential [pounds per square inch (psi)];
Do = pressure outside the casing at the bottom (psi), assumed equal to reservoir pressure of 11,892 psi,

which is a pore pressure of 12.57 pounds per gallon (ppg) at the bottom of the reservoir at 18,212
feet (true vertical depth); and

pi = pressure on the inside above the cement (psi).

Ap=11,892 —%[&367(8.66) +9,116(14.17) + 554(14.3)] = 999 psi

Here the differential is into the casing. The cement is treated as a solid that does not transmit hydrostatic
pressure but that must be strong enough to withstand the pressure differential across it. The top of the
cement inside the casing is based on the assumption that 2.8 barrels of foam cement flowed back into the
casing when the pressure was bled off at the end of the cement job.

2. Foam quality calculations:

Foam cement: The purpose in this case is to reduce the bottom hole (in situ) density of the slurry from
16.74 ppg to 14.5 ppg. The bottom hole pressure is the hydrostatic pressure of 14 ppg mud or 13,321
pounds per square inch gauge (psig) at 18,304 feet. The static bottom hole temperature is 245°F.

Ps = 1674ﬁ + pMN

where

1=f.+fv,
ps = slurry density (Ib,,/gal),
py = nitrogen density (lb,,/gal),
f. = weight fraction of cement base slurry, and
v = weight fraction of nitrogen.

3
oy =2.7% 2270967223337 _ogolon M5 gcl0y
z

171(705) f 748 gal " gal
fu=(14.5— 16.74)/(—16.74 + 3.86) = 0.174
£.=0.826
where

vn = specific gravity of nitrogen (compared with air),

p = pressure (pounds per square inch absolute),

z = gas deviation factor (dimensionless), and

T = temperature (degrees Rankine = 460 + degrees Fahrenheit).

So, for every in situ gallon of slurry there will be 0.174 gallon of nitrogen mixed with 0.826
gallon of base 16.74-ppg cement slurry. Thus, the in situ foam quality is 17.4 percent. Note that the

Chevron tests used a 13 percent quality foam, which corresponds to the weight fraction of nitrogen
necessary to create a 14.5 ppg density foam at atmospheric conditions. Therefore, more nitrogen is
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required to create the same density foam at the much higher pressure and temperature of the bottom of the
Macondo well.

At the mixer at the surface, the slurry is blended and pumped at about 600 psig. The volume of
nitrogen introduced to 0.826 gallons of base cement is the in situ volume increased through the real gas
law.

Voo =0.174 0.979 520 13,3357 =1.6 gallons

1.71 614.7 705

This is added to 0.826 gallon of base cement. Thus, for every 1 gallon of base cement, 1.94 gallons of N,
at 600 psig is required. This is a 66 percent quality foam.
The density of the foam slurry at the mixer will be as follows:

Py = 2.7(0.9672)—4T___ 3.151b—f; — 042200
0.979(520) ft gal
Ib
p, =16.74(0.34) +0.42(0.66) =5.97 =
ga

The previous equations and results can be combined to obtain an equation for the density of the
slurry at any depth with a corresponding pressure, temperature, and gas deviation factor.

Py = 16'74(1_fN)+ prN

_27(0.9672) p _ 3400

v 748 Tz Tz
— VN
Sn= V, +0.826
v, _0174 2133357 4 95512
p L.71(705) p
1.925 2 1.925 2
= — p L P
p.=16.74/1 = +0349 -
1.92522 1+ 0.826 1.92522 4+ 0.826
p p
T: T: T:
ps[1.925—z+ 0.826J - 16.74(1.925—2 + 0.826—1.925—ZJ +0.349(1.925)
p p p
. 14.5
(1.925TZ+ O.826J
P

where p;, T, p, and z are as previously defined.
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Study Committee Biographical Information

Committee for the Analysis of Causes of the Deepwater
Horizon Explosion, Fire, and Oil Spill to Identify Measures
to Prevent Similar Accidents in the Future

Donald C. Winter (Chair) is Professor of Engineering Practice in the Department of Naval Architecture
and Marine Engineering at the University of Michigan. He served as the 74th Secretary of the Navy from
January 2006 to March 2009. As Secretary of the Navy, he led America’s Navy and Marine Corps Team
and was responsible for an annual budget in excess of $125 billion and almost 900,000 people. Previously,
Dr. Winter served as a corporate vice president and president of Northrop Grumman’s Mission Systems
sector. In that position he oversaw operation of the business and its 18,000 employees, providing
information technology systems and services; systems engineering and analysis; systems development
and integration; scientific, engineering, and technical services; and enterprise management services. Dr.
Winter also served on the company’s corporate policy council. Previously, he served as president and
CEO of TRW Systems; vice president and deputy general manager for group development of TRW’s
Space and Electronics business; and vice president and general manager of the defense systems division
of TRW. From 1980 to 1982, he was with the Defense Advanced Research Projects Agency as program
manager for space acquisition, tracking, and pointing programs. Dr. Winter received a doctorate in
physics from the University of Michigan. He is also a graduate of the University of Southern California
Management Policy Institute, the UCLA Executive Program, and the Harvard University Program for
Senior Executives in National and International Security. In 2002, he was elected a member of the
National Academy of Engineering.

Paul M. Bommer is a senior lecturer in petroleum engineering in the Department of Petroleum and
Geosystems Engineering at the University of Texas at Austin. He is also a major contributor to
publications of the University of Texas Petroleum Extension Service (PETEX), including books on oil
well drilling and fundamentals of petroleum. Recently, Dr. Bommer was a member of the NOAA/USGS
Flow Rate Technical Group concerning oil rate estimates escaping from the BP Mississippi Canyon 252-
001 (Macondo) well. In 1979, he co-founded Bommer Engineering Co., which is an oil and gas
consulting company specializing in drilling and production operations and oil and gas appraisals. He is a
registered professional engineer in the State of Texas. He received a Ph.D. in petroleum engineering from
the University of Texas, Austin.
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Chryssostomos Chryssostomidis is the Doherty Professor of Ocean Science and Engineering at the
Massachusetts Institute of Technology (MIT). In 1970, he was appointed at the faculty of MIT. In 1982
he was made a full professor and was also appointed director of the MIT Sea Grant College Program. In
1989 he established the MIT Sea Grant Autonomous Underwater Vehicles (AUV) Laboratory to develop
technology and systems for advanced autonomous surface and underwater vehicles. His more than 100
publications display his wide range of interests including design methodology for ships, vortex-induced
response of flexible cylinders, underwater vehicle design, and design issues in advanced shipbuilding
including the all electric ship and T-Craft. Professor Chryssostomidis is a licensed engineer in the state of
Massachusetts and has served on several National Research Council committees focusing on shipbuilding
and marine issues. He received a Ph.D. in ship systems analysis from MIT.

David E. Daniel is president of The University of Texas at Dallas. Previously, he was Dean of
Engineering at the University of Illinois. Earlier, Dr. Daniel was L.B. Meaders Professor of Engineering
at the University of Texas at Austin where he taught for 15 years. Dr. Daniel has conducted research in
the area of geoenvironmental engineering, including research on drilling fluids, containment and
management of those fluids, and fluid pressure control in the subsurface. Dr. Daniel served as chair of the
American Society of Civil Engineers’ External Review Panel that evaluated the failure of the New
Orleans levees. He also served as a member of the National Research Council’s (NRC’s) Nuclear and
Radiation Studies Board, the Board on Energy and Environmental Systems, and the Geotechnical Board.
Dr. Daniel received a Ph.D. in civil engineering from the University of Texas at Austin. He was elected to
the National Academy of Engineering in 2000.

Thomas J. Eccles is a Rear Admiral in the U.S. Navy. He currently serves as Chief Engineer and Deputy
Commander for Naval Systems Engineering, Naval Sea Systems Command. Previously, RADM Eccles
served at sea aboard USS Richard B. Russell (SSN 687) and USS Gurnard (SSN 662). As an engineering
duty officer, he served at Mare Island Naval Shipyard, and as project officer for USS Parche (SSN 683)
and assistant program manager for deep ocean engineering in the Navy’s Deep Submergence Systems
Program. He served twice in the Virginia Class Submarine Program, directing design and construction.
He was executive assistant to the Commander, Naval Sea Systems Command. RADM Eccles was
Seawolf program manager through the delivery of USS Jimmy Carter (SSN 23), where his team was
awarded the Meritorious Unit Commendation, then program manager for Advanced Undersea Systems,
responsible for research and development submarines, submarine escape and rescue systems, and
atmospheric diving systems. He was also program manager for the design and construction of the
unmanned autonomous submarine Cutthroat (LSV 2). RADM Eccles’ previous flag officer assignments
included deputy commander for Undersea Warfare and Undersea Technology in NAVSEA, and
commander of the Naval Undersea Warfare Center. In addition to receiving an M.S. degree from the
Massachusetts Institute of Technology (MIT) in mechanical engineering, he received the Naval Engineer
degree, and a master’s degree in management from MIT’s Sloan School.

Edmund P. Giambastiani, Jr., is a retired U.S. Navy Admiral who served as the seventh Vice Chairman
of the Joint Chiefs of Staff (the nation’s second highest ranking military officer) from 2005 until he
retired in 2007. While Vice Chairman, he also served as the co-chair of the Defense Acquisition Board;
chair of the Joint Requirements Oversight Council; and member of the National Security Council
Deputies Committee, the Nuclear Weapons Council, and the Missile Defense Executive Board. He
previously served as Commander U.S. Joint Forces Command, as NATO’s first Supreme Allied
Commander Transformation and as senior military assistant to the U.S. Secretary of Defense. ADM
Giambastiani is a career nuclear submarine officer who gained extensive operational experience,
including command at the submarine, squadron, and fleet levels and service as a chief engineer. His
operational assignments included several in which he was responsible for demanding at-sea operations
and for the development of new technologies and experimental processes. He commanded Submarine
NR-1, the Navy’s only nuclear-powered deep-diving ocean engineering and research submarine, USS
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Richard B. Russell (SSN-687) and the Submarine Force U.S. Atlantic Fleet. He currently serves on the
boards of the Boeing Company, Monster Worldwide, and the MITRE Corporation and does independent
consulting. Since retirement, he has served on a number of U.S. Government advisory boards,
investigations and task forces for the Secretaries of Defense and State in addition to the Director of the
Central Intelligence Agency. He currently serves as chairman of the Secretary of the Navy’s Advisory
Panel. ADM Giambastiani graduated from the U.S. Naval Academy with leadership distinction.

David A. Hofmann is Professor of Organizational Behavior at the University of North Carolina’s Kenan-
Flagler Business School. Dr. Hofmann conducts research on leadership, organizational and work group
safety climates, and organizational factors that affect the safety behavior and performance of individual
employees. His research has contributed significantly to the scientific foundation of assessment tools used
to assess the safety and organizational climates of organizations — such as at NASA after the Columbia
accident — and to help plan interventions to improve safety climate. His research has appeared in
Academy of Management Journal, Academy of Management Review, Journal of Applied Psychology,
Journal of Management, Organizational Behavior and Human Decision Processes, and Personnel
Psychology. He also has published or has forthcoming numerous book chapters on leadership, safety
issues, and multilevel research methods. In 2003, he edited a scholarly book on safety in organizations
(Health and Safety in Organizations: A Multilevel Perspective) and he has a second edited book
forthcoming on Errors in Organizations. He has received the American Psychological Association’s
Decade of Behavior Award, the Society of Human Resource Management’s Yoder-Heneman Award, and
has been a Fulbright Senior Scholar. Prior to arriving at the University of North Carolina at Chapel Hill,
he was a faculty member at Purdue University, Texas A&M University, and Michigan State University.
Dr. Hofmann consults, conducts applied research, and leads executive workshops for a variety of
governmental organizations and private corporations. He received a Ph.D. in industrial and organizational
psychology from Pennsylvania State University.

Roger L. McCarthy is a private engineering consultant and a director of Shui on Land, Ltd., which is
involved in large-scale urban redevelopment in the People’s Republic of China. Dr. McCarthy has
substantial experience in the analysis of failures of an engineering or scientific nature. He has investigated
the grounding of the Exxon Valdez, the explosion and loss of the Piper Alpha oil platform in the North
Sea, the fire and explosion on the semi-submersible Glomar Arctic II, and the rudder failure on the VLCC
Amoco Cadiz. Previously, Dr. McCarthy was chairman emeritus of Exponent, Inc., and chairman of
Exponent Science and Technology Consulting Co., Ltd. (Hangzhou). In 1992, he was appointed by the
first President Bush to the President’s Commission on the National Medal of Science. Dr. McCarthy
received a Ph.D. in mechanical engineering from the Massachusetts Institute of Technology (MIT). He
was elected to the National Academy of Engineering in 2004.

Najmedin Meshkati is a professor of engineering at the University of Southern California. Also, as a
Jefferson Science Fellow, he served as a senior science and engineering advisor to Office of the Science
and Technology Adviser to the Secretary of State (2009-2010). For the past 25 years, he has been
teaching and conducting research on risk reduction and reliability enhancement of complex technological
systems, including nuclear power, aviation, and petrochemical and transportation industries. He has
written many articles on human factors, safety culture and accident causation. In addition, Dr. Meshkati
has inspected many petrochemical and nuclear power plants around the world, including Chernobyl in
1997. He worked with the U.S. Chemical Safety and Hazard Investigation Board, as an expert advisor in
human factors and safety culture, on the investigation of the BP Refinery explosion in Texas City. He was
elected Fellow of the Human Factors and Ergonomics Society in 1997. Dr. Meshkati served as a member
of the National Research Council (NRC) Committee on Human Performance, Organizational Systems and
Maritime Safety. He also served as a member of the NRC Marine Board’s Subcommittee on Coordinated
R&D Strategies for Human Performance to Improve Marine Operations and Safety. Dr. Meshkati
received a Ph.D. in industrial and systems engineering from the University of Southern California.
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Keith K. Millheim is director and owner of Strategic Worldwide, LLC, which provides advisory services
to oil companies for oil and gas exploration and production. He is also managing director of Nautilus
International, LLC, which conducts research and development projects pertaining to deepwater well
intervention and early deepwater reservoir appraisal. In 2007, he retired from Anadarko Petroleum
Corporation as a distinguished advisor. He was also director of the Mewbourne School of Petroleum
Engineering at the University of Oklahoma in Norman; director of the Institute of Drilling, Production
and Economics at the Mining University of Leoben in Austria; a research consultant and drilling manager
for Amoco Production Co; and a petroleum engineer for Conoco. Dr. Millheim’s research interests focus
on the implementation of new technology in petroleum drilling. He has experience in deepwater drilling
in the Gulf of Mexico, Brazil, the North Sea, and West Africa. He is currently serving as a member of the
National Research Council Committee on the Review of the Scientific Accomplishments and Assessment
of the Potential for Future Transformative Discoveries with U.S.-Supported Scientific Ocean Drilling. Dr.
Millheim received a Ph.D. in mining engineering from the University of Leoben. He was elected to the
National Academy of Engineering in 1990.

M.-Elisabeth Paté-Cornell is Burt and Deedee McMurtry Professor and Past Chair of the Department of
Management Science and Engineering at Stanford University. Her specialty is engineering risk analysis
with application to complex systems (space, medical, etc.). Her research has focused on explicit
consideration of human and organizational factors in the analysis of failure risks, and recently on the use
of game theory in risk analysis. Applications in the last few years have included counter-terrorism and
nuclear counter-proliferation problems. She is a member of several boards, including Aerospace, Draper,
and InQtel. She was a member of the President’s Foreign Intelligence Advisory Board until December
2008. She received a Ph.D. in engineering-economic systems from Stanford University. Dr. Paté --Cornell
was elected to the National Academy of Engineering in 1995.

Robert F. Sawyer is the Class of 1935 Professor of Energy emeritus with the Department of Mechanical
Engineering at the University of California, Berkeley. His research interests are in combustion, pollutant
formation and control, regulatory policy, rocket propulsion, and fire safety. He served as chairman of the
California Air Resources Board; chairman of the energy and resources group of the University of
California at Berkeley; chief of the liquid systems analysis section at the U.S. Air Force Rocket
Propulsion Laboratory; and president of the Combustion Institute. Dr. Sawyer has served on numerous
National Research Council committees and is a member of the NRC’s Board on Environmental Studies
and Toxicology. He holds a Ph.D. in aerospace science from Princeton University. He was elected to the
National Academy of Engineering in 2008.

Jocelyn E. Scott is chief engineer and vice president of DuPont Engineering, Facilities and Real Estate.
She joined DuPont in 1984 in the DuPont Photosystems and Electronic Products division in Rochester,
NY. Ms. Scott served in numerous engineering and operations activities and carried out R&D
assignments in various DuPont businesses. She was manager for various engineering positions, and was
named executive assistant to the chairman and CEO. In 2002, she was named director of DuPont
Engineering and Research Technology, and in 2004 she became director of Capital Asset Productivity. In
2006 she was named director of DuPont Leveraged Operations; later that year, she became managing
director, Facilities and Capital Asset Productivity. She was named vice president of DuPont Engineering
in January 2008 and appointed to her current position in September 2008. Ms. Scott chaired the 2008
national conference of the Construction Users Roundtable. In addition to participating on various industry
advisory boards, she has served on the Committee of Visitors for the Division of Chemical,
Bioengineering, Environmental and Transport Systems of the National Science Foundation. She received
a master’s degree in chemical engineering practice from the Massachusetts Institute of Technology (MIT).
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Arnold Stancell is Turner Professor of Chemical Engineering, Emeritus, at Georgia Institute of
Technology, and earlier in his career he was offered tenure at Massachusetts Institute of Technology
(MIT) but decided on a career in industry. He had a 31-year career with Mobil Oil where he was Vice-
President U.S. Exploration and Production, offshore and onshore, and subsequently, Vice-President
International Exploration and Production for Europe including the U.K., Norway, Netherlands and
Germany, and the Middle East including Saudi Arabia, Qatar, Abu Dhabi. He led the development of the
now $70 billion natural gas production and liquefied natural gas (LNG) joint venture between Mobil and
Qatar. Previously, he held senior executive positions in Chemicals and Marketing and Refining. He
started in Mobil in 1962 in research and development and has 9 U.S. patents in petrochemical processes.
Dr. Stancell received a ScD in chemical engineering from MIT and his thesis was on reservoir rock
wettability and oil recovery. He is a licensed Professional Engineer in New York and Connecticut. He
was elected to the National Academy of Engineering in 1997.

Mark D. Zoback is the Benjamin M. Page Professor of Geophysics at Stanford University. He is also co-
director of the Stanford Rock Physics and Borehole Geophysics industrial consortium. Dr. Zoback
conducts research on in situ stress, fault mechanics, and reservoir geomechanics. He is the author of a
textbook entitled Reservoir Geomechanics and was co-PI of SAFOD, the scientific drilling project that
drilled and sampled the San Andreas Fault at 3 km depth. He also serves as a senior adviser to Baker
Hughes, Inc. Prior to joining Stanford in 1984, Dr. Zoback worked at the U.S. Geological Survey, where
he served as chief of the Tectonophysics Branch. He is the 2008 recipient of the Walter H. Bucher medal
from the American Geophysical Union. He received a Ph.D. in geophysics from Stanford University. He
was elected to the National Academy of Engineering in 2011.
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