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ABSTRACT

Tracking the Forensic Analysis of BOP & Considering Key Factors Affecting Performance
During Blowouts; This research delves into the crucial field of blowout preventer (BOP)
forensic analysis, examining the complex interplay of factors influencing their performance
during well control emergencies. The study meticulously tracks the evolution of BOP
technology, regulatory frameworks, and prevalent failure mechanisms. It unveils the
intricacies of forensic analysis, encompassing data collection, analysis, and reconstruction of

events leading to BOP failures.

By scrutinizing various case studies, the research identifies key factors impacting BOP
performance, including operational procedures, equipment design and maintenance,
environmental conditions, and human error. It analyzes the implications of inadequate
drilling practices, improper well control protocols, design flaws, manufacturing defects, and
the influence of extreme pressure, temperature, and sea state on BOP function. Additionally,
the study emphasizes the significant role of human factors, including operator training,

communication, and decision-making, in contributing to or mitigating BOP failures.

Drawing upon this comprehensive analysis, the research culminates in a series of practical
recommendations for improving BOP performance and safety in the oil and gas industry.
These recommendations encompass enhancing operational procedures, strengthening
equipment design and maintenance practices, mitigating the impact of environmental
conditions, and minimizing human error. The study advocates for the adoption of industry
best practices, cutting-edge technologies, and robust training programs to bolster BOP system
effectiveness and safeguard against catastrophic blowouts. This research provides invaluable
insights into the complexities of BOP performance during blowouts, contributing to the

development of a safer and more sustainable in oil and gas industry.



CHAPTER ONE

1.1 INTRODUCTION

Blowout Preventers (BOPs) are crucial safety devices used in the oil and gas industry to
prevent the uncontrolled release of hydrocarbons during drilling and well intervention
operations. They are designed to seal the wellbore and control pressure in the event of an
influx of formation fluids, known as a "kick”. However, despite technological advancements
in BOP design and well control procedures, failures still occur, underscoring the need for a
deeper understanding of the key factors that affect BOP performance during blowouts. The
failure of BOP systems during blowout situations can lead to catastrophic consequences,
including loss of life, environmental damage, and significant economic losses. The
Deepwater Horizon disaster in 2010, one of the most significant blowouts in recent history,
highlighting the critical role of BOPs in preventing blowouts and exposed the vulnerabilities

in BOP design, testing, and operational protocols.

This project seems to conduct a forensic analysis of Blowout Preventers (BOPs) incident
cases to identify the major causes of BOP failure during blowouts. This study aims to
systematically examine the key factors that contribute to BOP failures. These factors includes
the operational factors, mechanical factors , environmental factors and human factors. By
analysing these factors, the project seeks to understand their impact on operational economics,

operational safety, and the reliability of BOP components.

The aim is to provide recommendations for improving BOP systems, enhancing safety
protocols, and reducing the risk of blowouts in future drilling operations. The findings from
this research will contribute to the development of more reliable and efficient BOP systems,
ultimately ensuring the safety of personnel, the environment, and the assets involved in

drilling operations

1.2 STATEMENT OF PROBLEM

The central problem this research addresses is the inadequate understanding of the factors

affecting BOP performance during blowouts, leading to failures in preventing these incidents.



While BOPs are designed to prevent blowouts, various factors can influence their ability to

function effectively, including:

e Mechanical Failures: BOP components (e.g., rams, valves, seals) may fail due to
wear and tear, design flaws, or material fatigue, rendering the system ineffective.

e Operational Issues: Human error, improper activation, and failure to follow standard
operating procedures can compromise BOP performance during a blowout.

e Environmental Factors: Extreme pressure, temperature, and corrosive conditions
can negatively affect BOP functionality, especially in deepwater drilling.

e Inadequate Testing and Maintenance: Insufficient testing or improper maintenance
may result in undetected failures, compromising the ability of the BOP to seal the
well effectively.

e Human Factors: Lack of training and miscommunication among operational teams

can lead to errors in BOP operation during critical moments.

The absence of a comprehensive forensic analysis of BOP failures further exacerbates the
issue, as it limits the identification of root causes and hinders the development of improved
safety measures. Understanding the key factors that influence BOP performance and
conducting thorough forensic investigations into past failures is essential for improving BOP

reliability, reducing blowout risks, and enhancing safety protocols across the industry.

This study aims to fill these knowledge gaps by *tracking forensic analysis* of BOP failures,
identifying key performance-affecting factors, and providing actionable recommendations to

prevent future blowouts.

1.3 AIMS AND OBJECTIVE OF STUDY

The central objective of the study is tracking the forensic analysis of BOP and considering

key factors affecting it's performance during blowouts, while the specific objectives are:

1. To identify steps involved in investigating a BOP failure; data collection, analysis and
dessimination of data
2. To identify key factors that can contribute to BOP failure during a blowout, analysing

their impact on the system's effectiveness.



3. To propose recommendations for improving BOP system performance and safety

based on the analysis of failure cases.

1.4 SIGNIFICANCE OF STUDY

Studying forensic analysis on Blowout Preventers (BOPs) is significant for several reasons,
particularly within the context of safety, technology advancement, and regulatory compliance
in the oil and gas industry. Here are the key points highlighting the importance of this area of

research:

1. Enhancing Safety Standards by
e Preventing Future Incidents: Forensic analysis helps identify the root causes
of past BOP failures and blowouts, providing valuable lessons that can inform
safer design and operational practices.
e Improving Emergency Response: Understanding failure mechanisms allows
for better preparedness and response strategies, reducing the risk of

catastrophic outcomes during drilling operations.
2. Technological Advancements

e Innovation in Design: Forensic studies can drive innovations in BOP technology by
highlighting weaknesses in existing designs and suggesting improvements.
e Materials and Engineering Improvements: Research into past failures can lead to

the development of more resilient materials and more effective engineering solutions.
3. Regulatory Compliance and Development

e Informing Regulations: Findings from forensic analysis can influence regulatory
bodies to develop or revise standards and guidelines, ensuring that BOP systems meet
rigorous safety and operational criteria.

e Compliance Verification: Forensic analysis can be used to assess whether companies
adhere to established safety protocols and regulations, contributing to accountability

in the industry.

4. Risk Management and Operational Integrity



e Understanding Risk Factors: Analysing incidents helps in understanding the various
risk factors associated with BOP systems, enabling operators to implement more
effective risk management strategies.

e Operational Improvements: Insights gained from forensic analysis can lead to better
operational practices, such as improved training programs for personnel involved in

drilling operations.
5. Economic Impact

e Reducing Financial Losses: By preventing blowouts through improved BOP
reliability, companies can avoid the substantial financial losses associated with
environmental clean-up, litigation, and damaged reputations.

o Cost-Effective Solutions: Forensic analysis can lead to more efficient BOP designs,

ultimately reducing costs associated with maintenance, testing, and operational delays.
6. Environmental Protection

e Mitigating Environmental Risks: Understanding how and why blowouts occur aids
in developing strategies to protect the environment from spills and other hazardous
events, aligning with global sustainability goals.

e Public Trust and Responsibility: Proactive measures based on forensic analysis can
enhance the public’s trust in the oil and gas industry by demonstrating a commitment

to safety and environmental stewardship.
7. Educational Value

e Training Future Professionals: Forensic analysis serves as a critical educational tool
for students and professionals, providing real-world insights into safety engineering,
risk assessment, and incident management.

e Case Studies for Learning: Analysing past failures allows for the creation of
comprehensive case studies that can be used in educational settings to teach best

practices and lessons learned.



1.5 SCOPE OF STUDY

The study will delve into the full meaning BOP forensic analysis and it's methodology.
Discussing the key factors influencing BOP performance, this includes studying various data
sources like, BOP component analysis, design and engineering factors, and environmental

data and further providing improvement and recommendations to mitigate these factors

By systematically tracking BOP failures and analysing the key factors that affect their
performance, this study will provide valuable insights into the root causes of blowouts and
offer solutions for improving BOP reliability, enhancing safety protocols, and mitigating

future blowout risks.

1.6 LIMITATIONS OF STUDY

Restricted access to comprehensive incident data from issue-related companies and
industries, and limited availability of detailed case studies significantly hindered the depth

and accuracy of analysis.
Time constraints imposed by academic timelines further limited the depth of analysis.

Limited funding significantly impacted the ability to conduct comprehensive studies, access

necessary resources, and collaborate with industry experts.

Lack of practical experience with BOP systems, drilling operations and access to the
relevant tools and equipment made it hard to apply findings to real-world situations to
confirm results. Limitations of simulations, theoretical models, and laboratory experiments

further limited the depth analysis



CHAPTER TWO

LITERATURE REVIEW

2.1 Forensic Analysis of BOP Systems

Forensic analysis of BOP systems involves investigating the failure mechanisms and
operational performance during blowouts. Understanding the causes of BOP failure is crucial
for improving safety protocols and design. Several studies have highlighted the need for
robust forensic methodologies that integrate both historical data and real-time monitoring

systems to assess BOP performance (Khan et al., 2020).

However, existing literature often lacks a comprehensive approach that combines
engineering principles with human factors, such as operator error, which can significantly
impact BOP effectiveness. The current forensic methodologies primarily focus on mechanical

failure without adequately addressing the complexities of human-machine interaction.
2.2 Key Factors Affecting BOP Performance:

1. The design and Engineering Factors

The design of BOP systems is a pivotal factor in their performance.( Maloberti et al. 2020)
emphasize the importance of engineering design in preventing failures. Further, design flaws
can lead to catastrophic outcomes if not addressed. The incorporation of advanced materials

and technologies, such as smart sensors, may enhance the reliability of BOP systems.
2 .Operational Factors

Operational practices also play a crucial role in the performance of BOP systems. Training
and preparedness of personnel operating BOPs are vital. (Weitzel et al. 2015), suggest that
comprehensive training programs can mitigate risks associated with human error, which is
often a contributing factor in blowout incidents. Moreover, regular maintenance and testing
protocols must be established to ensure BOP systems are functional under emergency

conditions (Ren & Peng, 2019).



3. Environmental and Contextual Factors

Environmental conditions, such as temperature and pressure variations, can affect the
performance of BOP systems. (Landi et al. 2017), discuss how external pressures can
influence the mechanical integrity of BOPs. Understanding the impact of these external

factors is essential to improve the resilience of BOP systems in diverse operational contexts.

4. Knowledge Gaps

Despite the advances in BOP technology and research on forensic analysis, significant gaps
remain. Current studies do not sufficiently address the integration of advanced predictive
analytics and machine learning models in monitoring BOP performance. Additionally, there
is a lack of comprehensive frameworks that account for the multifaceted nature of blowouts,
including human, technical, and environmental factors .Furthermore, the intersection of
cybersecurity threats with BOP systems in the context of 5G technologies presents an
unexplored area of research (Khan et al., 2020). As BOP systems increasingly rely on digital
technologies for monitoring and control, understanding vulnerabilities and potential attack

vectors is paramount.

2.3 The Role of Blowout Preventers (BOPs) in Well Control

The importance of Blowout Preventers (BOPs) in the oil and gas industry cannot be
overstated, as they play a critical role in preventing catastrophic blowouts during drilling
operations. Blowouts, though rare, are highly destructive events that can lead to significant
loss of life, environmental disasters, and substantial economic damages. Over the years,
numerous studies have explored BOP performance, failures, and the various factors affecting
their effectiveness in preventing blowouts. This literature review delves into existing research
on BOPs, examining the forensic analysis of BOP failures, the key factors that influence their

performance during blowouts, and relevant findings from recent studies.

Blowout Preventers are essential safety systems designed to seal the wellbore, control
pressure, and prevent the uncontrolled release of hydrocarbons. They consist of multiple
components, including rams, valves, control systems, and seals, which work together to
isolate and shut off the well in the event of a kick (an influx of formation fluids). The
effectiveness of BOPs is critical in preventing blowouts, which are among the most

dangerous and expensive incidents in the oil and gas industry.



Dahl et al. (2020), conducted a comprehensive review on BOPs and well control systems,
emphasizing that BOP failures are often linked to mechanical issues, including
malfunctioning rams, defective seals, and control system failures. They argued that while
BOP technology has advanced, improvements are needed to ensure these systems can handle

the extreme conditions encountered in modern drilling operations, such as deep-water drilling.

Sharma et al. (2021) highlighted the significant role of BOPs in mitigating blowout risks in
offshore drilling operations. They concluded that despite technological advancements in BOP
design, failures continue to occur, often due to the inability of BOPs to effectively seal the

well under high-pressure conditions.
2.4 forensic Analysis of BOP Failures

Forensic analysis of BOP failures is essential to understand the root causes of blowouts and
to prevent similar incidents in the future. A thorough forensic investigation involves
analysing operational logs, examining BOP components, and evaluating the environmental

conditions that may have contributed to the failure.

Zhou et al. (2019) conducted a forensic analysis of the Deepwater Horizon blowout, which
was caused by a combination of BOP failure and human error. Their study focused on the
failure of the BOP's blind shear rams, which were unable to sever the drill pipe and seal the
well. They found that inadequate maintenance, along with the failure to test the BOP system

under actual well conditions, contributed significantly to the incident.



Figure 1.1: Deepwater Horizon Blowout Incident, Gulf of Mexico (Bob Graham et al. 2010)

Kumar and Singh (2020) also performed a forensic investigation of BOP failures in offshore
oil rigs. Their study revealed that many BOP systems failed due to poor design and faulty
seals, which were unable to withstand the pressure and temperature conditions found in
deepwater drilling. They recommended Z testing procedures and using more robust materials

in the construction of BOP components.

2.5 Factors Affecting BOP Ability to Prevents Blowouts

BOP performance can be influenced by a variety of factors, including mechanical,
operational, environmental, and human factors. Understanding these factors is essential for

improving BOP reliability and preventing blowouts.
1. Mechanical Factors:

The mechanical integrity of BOP components is crucial for ensuring that the system functions

as intended during blowout events. Common mechanical failures include ram malfunctions,



valve failures, and leaks in seals. (Chang et al. 2019), investigated the mechanical failures of
BOP components, specifically the malfunctioning of blind shear rams. They found that BOPs
were often unable to perform under extreme pressure conditions due to poor design and lack
of testing. They recommended the implementation of more rigorous testing protocols to

assess BOP performance under actual operating conditions.
2. Operational Factor:

Operational procedures and human factors play a significant role in BOP performance.
Failure to adhere to well control procedures, delays in activating the BOP, and improper

handling of well kicks can all compromise BOP performance.

Smith et al. (2021), highlighted the impact of human error on BOP performance. They found
that improper training of operators, poor communication, and failure to follow emergency
response protocols often led to BOP malfunctions during blowout events. Their study
emphasized the need for improved training programs and better communication systems to

reduce the risk of operator error during critical moments.
3. Environmental Factors:

Extreme pressures and temperatures, particularly in deepwater drilling operations, can
significantly affect BOP performance. The high-pressure environments encountered in deep-

water drilling can cause failures in seals and other components of the BOP.

Li et al. (2020), explored the effects of environmental conditions on BOP performance.
Their study showed that BOPs used in deep-water drilling operations face unique challenges,
including high pressures, low temperatures, and the presence of corrosive fluids. They
concluded that BOPs need to be designed to handle these extreme conditions to ensure their

reliability.
4. Human Factors:

Human factors, such as operator error, lack of experience, and miscommunication, are
significant contributors to BOP failure. In many cases, BOP failure occurs not due to
mechanical or environmental factors, but because of mistakes made during the operation of

the system.
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Robinson et al. (2021), found that human error was a leading cause of BOP failures during
blowouts. They cited examples of BOP failures during critical moments, where operators
failed to recognize well kicks or delayed BOP activation. They recommended implementing

advanced training programs and decision-making protocols to minimize human error.

2.6. Improvements For BOP Performance

Based on the findings from forensic analyses and studies on BOP failures, several

improvements have been recommended to enhance BOP performance:

1. Enhanced Testing and Maintenance: Regular and thorough testing of BOPs under actual
operating conditions is essential for identifying potential weaknesses in the system. BOPs
should be subjected to high-pressure and extreme temperature tests to ensure their reliability

in deep-water and high-pressure environments (Zhou et al., 2019)

2. Design Improvements: BOPs should be designed with more robust materials and
advanced sealing technologies to withstand extreme conditions. The use of advanced sensors
and real-time monitoring systems can also help detect potential failures before they occur

(Chang et al., 2019).

3. Improved Operational Protocols: Clear and standardized operating procedures must be
in place to guide BOP operation during blowouts. In addition, better communication systems
and operator training programs are needed to reduce human error and improve decision-

making during critical moments (Smith et al., 2021).

4. Advanced Human Factor Engineering: Addressing human error through better operator
training, simulation-based training exercises, and decision support systems is critical in

improving BOP performance (Robinson et al., 2021).

2.7. Recommendatios For Improving BOP System Performance And

Safety

Based on the analysis of BOP failures and the identification of key contributing factors, the

following recommendations are crucial for enhancing BOP system performance and safety:

11



Implement Rigorous Wellbore Stability Analysis and Control Measures: Enhance
wellbore stability analysis techniques, optimize drilling fluid properties, and enforce
strict mud weight control procedures.

Standardize and Implement Best Practices for Drilling Fluid Selection and Use:
Ensure the selection of appropriate drilling fluids that optimize wellbore stability and
minimize risks of wellbore instability.

Improve Kick Detection Systems and Train Personnel: Invest in advanced kick
detection systems and provide comprehensive training for personnel on effective kick
detection methods.

Implement Standardized Well Kill Operations Procedures: Establish clear and
standardized well kill procedures to ensure consistency and efficiency during
emergency response.

Enhance Communication Channels and Coordination: Ensure clear
communication channels between crew members during well control operations,
utilizing redundancy in communication systems.

Establish Rigorous Inspection, Testing, and Maintenance Schedules: Implement
comprehensive maintenance programs for BOP components, including regular
inspections, pressure testing, and preventative maintenance.

Utilize Advanced Technologies for Condition Monitoring and Predictive
Maintenance: Leverage advanced condition monitoring technologies to detect
potential component failures early and implement predictive maintenance strategies.
Maintain Thorough Documentation and Records: Ensure complete and accurate
documentation of all maintenance activities, inspections, and tests conducted on BOP

components.
Equipment Design and Maintenance:

Utilize Advanced Materials and Technologies for Improved Pressure Ratings:
Design BOP components using advanced materials and technologies to improve
pressure ratings and resistance to corrosion.

Conduct Rigorous Testing and Validation: Implement robust testing and validation
protocols to ensure the reliability and performance of BOP components before

deployment.

12



Implement Robust Design Redundancies and Fail-safe Mechanisms: Incorporate
redundant systems and fail-safe mechanisms to ensure the BOP's functionality even in
the event of single-point failures.

Enforce Adherence to Industry Standards and Best Practices: Ensure strict
adherence to industry standards and best practices for BOP design, manufacturing,
and quality control.

Invest in Specialized Training for Maintenance Personnel: Provide comprehensive
training for maintenance personnel on BOP operations, component repair, and proper
maintenance techniques.

Utilize Advanced Technologies for Condition Monitoring and Predictive
Maintenance: Leverage advanced technologies to monitor the condition of BOP
components, predict potential failures, and implement proactive maintenance
strategies.

Implement Rigorous Inspection and Testing Programs Based on Usage and
Environmental Conditions: Tailor inspection and testing frequencies to match the

specific usage and environmental conditions encountered by the BOP system.
= Mitigating the Impact of Environmental Conditions:

Implement Systems for Monitoring and Controlling Pressure and Temperature:
Develop sophisticated systems for monitoring and controlling wellbore pressure and
temperature fluctuations, anticipating potential issues related to extreme conditions.
Utilize Materials and Designs Capable of Withstanding Extreme Conditions:
Design BOP components using materials and designs resistant to extreme pressures,
temperatures, and corrosive environments.

Develop Contingency Plans for Operations in Challenging Environments:
Develop and rehearse contingency plans for operations in rough seas, high winds, or
other challenging environmental conditions.

Utilize Specialized BOP Systems Designed for Challenging Environments: Invest
in BOP systems specifically designed for operation in extreme environmental
conditions, such as deepwater or Arctic environments.

Conduct Thorough Seabed Surveys and Analysis: Ensure comprehensive seabed
surveys and analysis to identify potential hazards, obstacles, and soil conditions that

could impact wellbore stability or BOP deployment.

13



Addressing Human Error:

Implement Comprehensive Training Programs for BOP Operators: Develop
comprehensive training programs for BOP operators, incorporating simulations,
practical exercises, and realistic scenarios.

Emphasize Team Communication and Coordination During Emergencies:
Incorporate team communication and coordination training into operator training
programs, emphasizing clear communication protocols and standardized terminology.
Establish Clear Communication Protocols and Utilize Communication
Technology: Implement robust communication protocols and utilize communication
technology to enhance communication during critical situations, reducing
misinterpretations and delays.

Provide Operators with Adequate Training and Support for Decision-Making
Under Pressure: Train operators on how to make sound decisions under pressure,
utilizing decision-support tools and systems to aid in critical decision-making.
Implement Procedures for Peer Review and Second Opinions During Critical
Decisions: Develop procedures for peer review and second opinions during critical
decisions, ensuring that multiple perspectives are considered before executing critical

actions.
(J. Li, Y. Zhang, and S. Liu, 2020)
(BOP Products, 2022)

(BOP Solutions, 2020)
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1. Research Design

This study employed a descriptive research approach, which primarily focuses on data
collection, analysis and interpretation of data to gain an understanding of BOP performance

during a blowout.

This approach involves various aspects such as, the thorough review of existing materials
and technical documents on BOP forensic analysis, well control, and related disciplines to
provide a comprehensive overview of the subject and the detailed description and analysis of
specific blowout incidents, including forensic investigation findings, contributing factors, and
lessons learned. This involves analysing reports, documentation, and technical data related to

the incidents.

3.2 Type of Research

This project only employed a secondary research method of data analysis. No form of

primary approach method was used.
Secondary Approach Objective:

e Comprehensive review of academic journals, industry publications, technical reports,
and relevant databases to gather relevant research findings, case studies, and technical
information.

e Data analysis on existing databases and datasets related to BOP incidents, drilling
operations, wellbore conditions, and other relevant factors to extract and interpret
valuable information.

e Studying official investigations and reports released by regulatory agencies or

industry bodies related to blowout incidents and BOP performance

15



3.3 Method of Data Analysis

The study employed quantitative data analysis method

Quantitative Data Analysis:

Descriptive statistics: summarizing and analyzing BOP-related data using various measures

such as charts, graphs, percentages, averages, and distributions to present meaningful insights

effectively.

Correlation analysis: Identifying relationships between BOP-related variables, assessing the

strength and direction of the association

The following variables was accessed:

< BOP-related variables:

Component failures: Type and severity of damage to each BOP component
(rams, annular preventers, shear rams, etc.).

Maintenance history: Frequency and quality of maintenance activities
(inspections,  repairs, replacements), adherence to  manufacturer
recommendations.

Operational history: Well pressure and temperature data, operational
parameters (e.g., closing time, pressure differentials), number of cycles, and

any unusual events recorded.

«» Environmental variables:

Well conditions: Depth, pressure, temperature, fluid type, presence of H2S,
CO2, or other corrosive substances.

Environmental factors: Sea state (if offshore), ambient temperature.

« Human factors:

Operator experience and training: Level of experience and training of the
personnel operating the BOP.
Adherence to procedures: Degree of adherence to established operational

and safety procedures.

16



The discussion will analyse the relationships between these variables and BOP failure and try
to establish a trend and relationship between them as well as come up with methods to

mitigate the BOP failure from these factors.

17



CHAPTER FOUR

4.1 Data Analysis

This section includes data from multiple failure events and maintenance task activity records
from 23 rigs. Both the failure event data and maintenance task data were presented and sorted.
The majority of the failure event data and maintenance data presented in this report include
data from both the OEMS and drilling contractors. Specifically, the pie and Pareto charts
included data from both. To identify data trends, pie charting and Pareto analysis techniques

were employed.
Specifically, the failure event data includes the following:
e Number and percentage of failures associated with the three BOP systems (namely,
surface control, subsea control and BOP Stack)

e Number and percentage of failures associated with the major BOP components

(example: HPU, Annular etc.)

e Frequency and cumulative percentage of failure modes for the entire BOP

e Frequency and cumulative percentage of failure modes by the three BOP systems
In addition, the analysis for maintenance activities focused on identifying:

e Percentage of corrective maintenance and proactive maintenance performed for the

entire BOP

e Percentage of corrective maintenance and proactive maintenance performed on the

major BOP components

e Correlation between corrective maintenance and number of failures and types of the

proactive maintenance tasks performed

e Percentage of activities detecting dominant failure modes
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4.2 Data Analysis Results And Summary

This section summarizes the results presented in subsequent sections. Specifically, this
summary provides an overall view of the dominant failures and failure modes for the overall
BOP and each of the three BOP systems. These results are based on the number of recorded
failures and corresponding failure modes included in the IP-provided data. Table 4-1
summarizes the dominant contributor results for the entire BOP system, and Table 4-2
summarizes the failure mode results. (Note: these results exclude unspecified failures and

failure modes.)

Table 4-1: Overall BOP Dominant Failure Contributors by BOP System and Major

Component
System No. of | Percentage of | Dominant Bop | No  of | Percentage of
failure overall BOP | systems failures | overall Bop
failures Majors components failures

Subsea 165 41% Blue &  yellow | 140 35%

control subsea system

system Emergency & |16 4%
secondary control

BOP stack 138 34% Pipe and test ram 38 9%
Connectors 29 7%
C & K valves and | 28 7%
lines

Surface 99 25% Mux control system | 59 15%

Control Control panel 13 3%

System HPU 10 2%

Total 402 100% 333 83%

Table 4-2: Overall BOP Dominant Failure Modes

Failure mode

No. of failures

Percent of overall BOP failures

External leakage

102

25%
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Mechanical damage 49 12%
Mechanical failure 49 12%
Substandard workmanship 41 10%
Hardware failure 26 6%
Component out of specification | 21 5%
Processing error 19 5%
Total 307 76%

The next two tables provide the dominant component failures and associated dominant
component failure modes for each of the three BOP systems. Specifically, Tables 4-3 and 4-4
summarizes the Surface Control System results. These tables show (1) the three major
components account for the 83% of the 99 Surface Control System failure events, (2) the ten
listed components account for 71% of the Surface Control System failures, and (3) the
associated eight failure modes account for more than 85% of this system failures. Again,

these results exclude unspecified component failures and failure modes

Table 4-3: Surface Control System Dominant Component Failure Contributors

System No. of | Percentage of | Dominant Bop | No  of | Percentage of
failure overall BOP | systems failures | overall Bop
failures Majors components failures
MUX control | 59 60% CCU 34 34%
system MIX reel, cables, |13 13%
connectors
MUX cables (only) | 4 4%
Control panel | 13 13% DCP 5 5%
HPU control panel 3 3%
CCU 2 2%
HPU 10 10% Flowmeter 3 3%
Filter and tank 2 2%
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HPU systems 2 2%

regulators 2 2%

Total 82 83% 70 71%

Table 4-4: Surface Control System Dominant Major Component Failure Modes

Component Failure mode No. of failures | Percent of surface control system failures
Processing error 18 20%
Hardware failure 18 20%
External leakage 10 11
Mechanical damage 8 9
Component out of | 7 8
specification
Substandard workmanship 6 7
Mechanical error 5 5
Instrumental error 5 5

77 85%

Tables 4-5 summarize the Subsea Control System results. Because Blue & Yellow Subsea
Control System accounts for 85% of the 165 Subsea Control System failure events, this
single table contains both the dominant component failure contributors and failure modes and
only provides two separate lists related to the Blue & Yellow Subsea Control System. The
results list the 10 components and 9 failure modes, which account for 70% and 69% of the
Subsea Control System failures, respectively (excluding unspecified component failures and

failure modes).

Table 4-5: Subsea Control System Dominant Component Failure Contributors and

Failure Modes

System | No. of | Percent | Component | No. of | Percent | Failure | No. Percent
Major | Failures | of Failures | of Mode of of
Compo Subsea Subsea Failur | Subsea
nent Control Control es Control
System System System
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Failures Failures Failures
Blue & | 140 85 SPM 26 16% Externa | 53 32%
Yellow valves and 1
Subsea manifold Leakag
Contro e
1 SEM 25 15% Mechan | 13 8%
System ical
Failure
regulators 17 10% Electric | 11 7%
al Short
Pod 10 6% Substan | 9 5%
Receptacles dard
Workm
anship
MUX 8 5% Mechan | 8 5%
System— ical
Subsea Damage
flowmeter |8 5% Erratic |7 4%
output
Shuttle 6 4% Hardwa | 6 4%
valves re
Failure
Tubing 6 4% Compo | 4 2%
nent
Out
of
Specific
ation
POCV 5 3% Fails 3 2%
with no
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commu

nication

Solenoids 4 2%

total 70% 144 69%

Tables 4-6 and 4-7 summarize the BOP Stack results. These tables show the three major
components account for the 75% of the 127 BOP Stack. Table 4-6 lists the components
contributing to three BOP Stack major components. Unfortunately, the IP-provided data did
not provide sufficient information to identify failures associated with specific Pipe & Test
Ram components. Therefore, the eleven listed components only account for about 44% of the
BOP Stack failure events. However, the IP provided data included failure mode information,
which is shown in Table 4-7. This table lists the top 14 failure modes that account for 71% of
the BOP Stack failure events. Again, these results exclude unspecified component failures
and failure modes. (Note: Given the recent industry interest in connectors, wellhead, LMRP,
and riser connector data are provided in the following tables. These data are contained in the

parenthetical values in the data tables.)

Table 4-6: BOP Stack Dominant Component Failure Contributors

System major | No. of | Percentage | Component No. of | Percentage
component components BOP stack failure BOP  stack
failure failures
Pipe & test ram | 38% 30% Data not
supplied
Connector 29 23 Riser 9 7%
(Well head, | (12) 9.4) connectors
LMRP & risers C&k stabs 7 6%
connectors) Hydraulic stabs | 5 4%
Pod connectors | 4 3%
Wellhead 3 2%
connector
C & K valves | 29 23 Riser 9 7%
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and line (28) 22% connectors
C&k stabs 7 6%
Hydraulic stabs | 5 4%
Pod connectors | 4 3%
Wellhead 3 2%
connector
95 75% 56 44%

The ”Connectors” category contains all subsea connector including the wellhead and LMRP
connectors, as well as other connectors such as stabs and wet mate connector. If the
connectors are subdivided, the wellhead, LMRP, andriser connectors account for 9.4% of the

BOP Stack failures, excluding unspecified failures.

Table 4-7: BOP Stack Dominant Major Component Failure Modes

System major | No. of | Percentage | Failure mode No. of | Percentage
component components | BOP stack failure | BOP stack
failure failures

Pipe & test ram 38 30% Mechanical Failure |9 7%
Substandard 9 7%
workmanship
Mechanical damage | 8 6%
External leakage 3 2%
Component out of | 2 2%
specifications

Connector 29 23 External leakage 8 6%

(Well head, | (12) 9.4) Substandard 8 6%

LMRP & risers workmanship

connectors) Mechanical damage | 5 4%
Mechanical Failure | 3 3%
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Component out of | 2 2%
specifications
C & K valves and | 29 23 External leakage 12 9%
(28) 22% Substandard 5 4%
workmanship
Mechanical Failure |2 2%
plugging 1 1%
3 2%
95 75% 90 71%

The “Connectors” category contains all subsea connectors including the wellhead and LMRP
connectors, as well as other connectors such as stabs and wet mate connector. If the
connectors are subdivided, the wellhead, LMRP, and riser connectors account for 9.4% of the

BOP Stack failures, excluding unspecified failures.

4.3 Overall BOP Results

The analysis of the failure event data began at the system level to begin understanding
whether one of the three BOP systems (i.e., Surface Controls, Subsea Control, and BOP
Stack) was the dominant cause of BOP failures. Figure 4-1 provides a pie chart showing the
percent distribution of the 430 BOP failure events based on the number of failures. (Note:
The unspecified failures represent events in which the failure event data did not contain
sufficient information to assign the failure to a specific system or involved more than one
BOP system.) To further evaluate the BOP system failures, Figures 4-2 and 4-3 provide the
percentage of failures by BOP system (without the unspecified failures) based on the number

of failures and failures per BOP day (i.e., estimated failure rate.).
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All three of these pie charts indicate that subsea control system failures represent the highest
percentage of failures, as anticipated. Based on this analysis, the failure of the Subsystem
Control System failures occur 20% to 60% more often than either the failure of the Surface
Control System or BOP Stack. The next level of analysis involved Pareto analyses to identify
the major components and failure modes associated with the BOP system failures.

Table 4-8 contains the failure data for the major BOP components.

Table 4-8 Major Component Failure Data Summary

Major BOP No. of Percent of | Cumulative Percent of Cumulative

Component Failures | Failures, Percent of Failures, Percent of
including Failures, excluding Failures,
Unspecified | including Unspecified | excluding
Failures Unspecified Failures Unspecified

Failures Failures

Blue and yellow | 140 33% 33% 36% 36%

MUX control | 59 14% 46% 15% 51%

system

Unspecified 39 9% 55%

Pipe and ram 38 9% 64% 10% 61%

Connectors 29 7% 71% 7% 68%

C & K valves and | 28 7% 77% 7% 75%

lines

Emergency & |16 4% 81% 4% 79%

secondary control

Annulars 13 3% 84% 3% 83%

Control panels 13 3% 87% 3% 86%

HPU 10 2% 90% 3% 88%

Blind Shear Ram | 9 2% 92% 2% 91%

LMRP mounted | 9 2% 94% 2% 93%

accumulators

Conduit Rigid | 9 2% 96% 2% 95%

and hotline
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Electrical power | 7 2% 97% 2% 97%
Casting shear ram | 7 2% 99% 2% 99%
Stack  mounted | 3 1% 100% 1% 100%
accumulators
Surface 1 <1% 100% <1% 100%
accumulator
160 120%
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Figure 4.4: Major Component Pareto Chart

Figure 4-4 provides the Pareto chart of these major component failures. (Note: When reading
the Pareto Charts in this report, the bars represent the number of events and are associated
with left-hand axis. The line represents the cumulative percentage of the events being
charted.) These data indicate that the top five major component failures are associated with
Blue & Yellow Subsea Control system, MUX control system, pipe & test rams, connectors,
and C&K valves/lines. These major components (and their associated sub-components)
account for more than 75% of the BOP system failures (without the unspecified failures). The
Blue & Yellow Subsea Control system is the dominant failure cause, accounting for 36% of

the overall BOP failures, which is more than twice the MUX control system failures. The
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connector category contains all subsea connectors including the wellhead and LMRP
connectors, as well asother connectors such as stabs and wet mate connector. If the
connectors are subdivided, the wellhead, LMRP, andriser connector account for 3% of the

BOP failures (excluding unspecified failures).

To further trend the failures, a Pareto analysis of the failure modes was performed and these
results are provided in Table 4-9 and Figure 4-5. These results indicate the dominant failure
modes (excluding unspecified failure mode) are external leakage, mechanical damage,
mechanical failure, substandard workmanship (i.e., human error), hardware failure,
component out of specification, and processing error. These failure modes account for a little
more than 80% of the BOP system failures. The presence of at two of the dominant failure

modes substandard workmanship and component out of specification might be indication of

causes of infant mortality failures.

Table 4-9: BOP Failure Mode Data Summary

Major BOP No. of | Percentof | Cumulative | Percentof | Cumulative
Component Failures | Failures, Percent of Failures, Percent of
including Failures, excluding Failures,
Unspecified | including Unspecified | excluding
Failures Unspecified | Failures Unspecified
Failures Failures
External leakage 102 24% 24% 27% 27%
unspecified 52 12% 36%
Mechanical damage 49 11% 47% 13% 40%
Mechanical failure 49 11% 59% 13% 53%
Standardize 41 10% 68% 11% 64%
workmanship
Hardware failure 26 6% 74% 7% 71%
Component out of | 21 5% 79% 6% 76%
specification
Processing error 19 4 83% 5% 81%
Electrical short 14 3% 87% 4% 85%
Erratic output 11 3% 89% 3% 88%
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Communication 8 2% 91% 2% 90%
problem

Instrument error 7 2% 93% 2% 92%
Plugging 7 2% 94% 2% 94%
Fails with no |5 1% 96% 1% 95%
communication

Loss of communication | 4 1% 97% 1% 96%
Design issues 3 1% 97% 1% 97%
Internal leakage 3 <1% 98% 1% 98%
Configuration issues 2 <1% 98% 1% 98%
Loss of power 2 <1% 99% 1% 99%
Loss of, or degraded | 2 <1% 99% 1% 99%
power

Fails to response to| 1 <1% 100% <1% 99%
input

Installation & |1 <1% 100% <1% 100%
commissioning

Loss of pressure 1 <1% 100% <1% 100%
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Figure 4.5: Failure Mode Pareto Chart

Next, Pareto analyses of the major component failures (including associated sub-component

failures) and their failure modes was performed for each of the three BOP systems (i.e.,

Surface Controls, Subsea Controls, and BOP Stack).

4.4 Surface Control System Results

This section summarizes the data analysis of the Surface Control System failures. Table 4-10 and

Figure 4-6 provide the relevant Pareto charts for the surface control system major component

failures. These results indicate the MUX control system failures account for 60% the surface

control system failures. The control panels, HPU, and rigid conduit and hoses combine for next

32% of the surface control system failures.

Table 4-10: Surface Control System Major Component Failure Data Summary

Surface control

system major

No. of failures

Percent of failure

Cumulative

percentage failure

Mux control | 59 60% 60%
system
Control panel 13 13% 73%
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HPU 10 10% 80%
Rigid conduit and | 9 9% 92%
hotline
Electric power 7 7% 99%
Surface 1 1% 100%
accumulator
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figure 4.6: surface control system major component failure pareto chart

To further evaluate surface control system failures, Pareto analysis was performed on the
surface control system failure modes. Table 4-11 and Figure 4-7 contains these results, which
show the dominant failure modes for the surface control system failures (excluding
unspecified failure modes) are processing error, hardware failures, external leakage,
mechanical damage, substandard workmanship, and component out of specification are the

dominant failure modes, which account for 75% of the surface control system failures
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Table 4-11: Surface Control System Failure Mode Data Summary

Surface  control | No. of | Percent  of | Cumulative | Percent of | Cumulative
system failure | failures | failure Percent  of | failure percentage failure
mode including failure excluding | excluding
unspecified | including unspecifie | unspecified
failure mode | unspecified |d failure | failure mode
failure mode | mode
Processing error | 18 18 18% 20% 20%
Hardware failure | 18 18 36% 20% 40%
External leakage | 10 10 46% 11% 51%
Mechanical 8 8 55% 9% 59%
damage
Unspecified 8 8 63%
Substandard 6 6 69% 7% 66%
workmanship
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fig 4.7: surface control system failure mode pareto chart
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4.5 Key Findings

1. Mechanical Integrity of BOP Components: Failures in the mechanical components of
BOP systems, such as rams, shear rams, and annular preventers, were the primary cause of

blowout incidents in the reviewed case studies.

2. Hydraulic System Performance: Hydraulic failures, including pressure loss and
contamination, significantly impacted the ability of BOP systems to function effectively

during high-pressure scenarios.

3. Control System Failures: Control system malfunctions, both surface-controlled and

subsea systems, contributed to delays in activating the BOP and preventing blowouts.

4. Environmental and Operational Conditions: Harsh conditions, such as high-pressure,
high-temperature (HPHT) environments and deepwater operations, placed additional stress
on BOP systems, often leading to failures if the systems were not properly designed or

maintained for such conditions.

5. Human Error and Training Deficiencies: Operator errors, lack of sufficient training, and
failure to adhere to well-control protocols were also significant contributors to BOP failures

during blowouts.

By investigating these factors, the study provides a comprehensive understanding of the

causes of BOP system failures and identifies the crucial areas for improvement.
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CHAPTER FIVE

SUMMARY, RECOMMENDATION AND CONCLUSION

5.1 Summary

The Blowout Preventer (BOP) system is an essential safety feature in oil and gas drilling
operations, designed to control the pressures in the wellbore and prevent blowouts, which can
lead to catastrophic incidents such as loss of life, environmental pollution, and economic
damage. Over the years, the failure of BOP systems has been linked to several major blowout
disasters, emphasizing the need for forensic analysis to understand the factors contributing to

these failures and to develop more reliable systems.

This project focused on the forensic analysis of BOP systems, considering various factors
that affect their performance during a blowout. The study gathered and analyzed data from a
range of real-life blowout cases, including reports of BOP system failures, design flaws,
human error, environmental conditions, and operational practices. This chapter synthesizes
the key findings, highlights the most influential factors affecting BOP system performance,
and provides a detailed discussion of these factors in the context of improving future blowout

prevention and response strategies.
5.2 Conclusions

This research has thoroughly examined the forensic analysis of BOP systems and the factors
that influence their performance during blowouts. By case studies, system failures, and
operational data, it was found that mechanical integrity, hydraulic system performance,
control system reliability, and environmental factors are the main contributors to BOP system
failures during blowouts. Human error and inadequate training also play a significant role in

preventing the successful activation of BOP systems during high-pressure events.

While BOP systems have been a cornerstone of blowout prevention in drilling operations,
continuous improvement in their design, operation, and maintenance is necessary to meet the
growing challenges of deepwater, HPHT, and complex reservoir environments. Future
research should focus on advancing BOP technology, particularly in terms of automation and
artificial intelligence, to further enhance the performance and response times of these critical

systems.
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5.3 Recommendations

Based on the findings from the forensic analysis of BOP systems and their performance
during blowouts, the following recommendations are made to improve BOP reliability,

mitigate the risk of blowouts, and enhance the safety and efficiency of drilling operations:
1. Enhanced BOP System Design

Recommendation: BOP systems should be designed with greater redundancy, particularly
in control and hydraulic systems. More robust components should be used to withstand high-
pressure, high-temperature, and extreme environmental conditions commonly found in

deepwater and HPHT wells.

Justification: Redundant systems, such as backup hydraulic power units (HPUs) and
control systems, will provide a fail-safe mechanism in case of primary system failure,

enhancing the likelihood of successful blowout prevention.
2. Routine Maintenance and Testing:

Recommendation: Regular testing and maintenance of BOP components, including
mechanical seals, hydraulic systems, and control systems, should be carried out in accordance

with industry standards.

Justification: A proactive approach to maintenance ensures that the BOP system is
functioning optimally, preventing potential failures due to wear and tear or system

degradation over time.
3. Real-Time Monitoring and Diagnostics:

1. Recommendation: Implementation of advanced real-time monitoring systems for BOP
performance should be integrated into drilling operations. These systems should monitor the

health of mechanical, hydraulic, and control components.

2. Justification: Real-time diagnostics would allow operators to detect potential problems
early and take corrective action before the system fails during a blowout scenario. Continuous
monitoring also allows for better decision-making during emergency situations.

4. Operator Training and Simulation Drills:
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Recommendation: Regular and advanced training programs should be conducted for BOP
operators, with a focus on emergency response and well-control protocols. Simulations of
blowout scenarios should be used to ensure operators are prepared for high-pressure

situations.

Justification : Well-trained operators are crucial to ensuring that BOP systems are activated
properly during an emergency. Simulations help operators build muscle memory, which is

essential for swift and correct actions during real-life blowout scenarios.
5. Improved BOP Control Systems:

Recommendation: The development and deployment of more advanced control systems,
including automation and fail-safe protocols, should be prioritized. A more automated BOP

control system will minimize the chance of human error and improve response times.

Justification: Automated systems can help reduce the time it takes to respond to a blowout
and improve the reliability of actions taken under pressure. Automation can also prevent

human errors, which are a significant contributor to blowout failures.
6. Collaboration and Knowledge Sharing:

Recommendation: Greater collaboration between drilling companies, equipment
manufacturers, and safety regulators is necessary to share knowledge and best practices in

BOP design, maintenance, and operation.

Justification: Industry-wide collaboration will enable the sharing of valuable data and
lessons learned from previous blowout incidents. This can help accelerate improvements in

BOP technology and operational procedures, leading to enhanced safety across the industry.
7. Environmental Risk Assessment and Well Design:

Recommendation: Conduct thorough environmental risk assessments and ensure that well
design, including BOP system configuration, is tailored to the specific conditions of the

reservoir, such as pressure, temperature, and geological formations.

Justification: Tailoring the BOP system to the specific well conditions ensures that the
system will perform optimally in preventing blowouts in challenging environments. It also

ensures that the system is adequately equipped to handle extreme operational conditions.
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