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ABSTRACT

Managed Pressure Drilling (MPD) has emerged as a critical technology for addressing
deepwater drilling challenges including narrow pressure windows, formation uncertainty, and
wellbore instability. Despite proven benefits, limited research has comprehensively reviewed
optimal MPD configurations and implementation strategies for deepwater environments. This
systematic literature review analyzed multiple published sources to identify best practices,
evaluate existing technologies, and provide evidence-based recommendations.The review
identified four critical success factors: comprehensive planning, appropriate technical
configurations, disciplined operational procedures, and effective team integration. Three case
studies from Gulf of Mexico, East Malaysia, and Mediterranean demonstrated quantified
improvements of 35-81% in performance metrics with substantial cost savings including
USD 3.5 million contingency avoidance. Analysis revealed that MPD effectiveness requires
formation-specific customization, with economic benefits extending beyond cost reduction to
risk mitigation and enabling access to challenging reserves.Persistent challenges include
extended response times, equipment reliability concerns, lack of standardization, and
economic evaluation uncertainties. Priority research areas recommended include advanced
control systems, equipment reliability enhancement, standardization initiatives, and
comprehensive economic frameworks. These findings provide valuable guidance for
optimizing MPD application in deepwater drilling environments.
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CHAPTER 1

INTRODUCTION
1.1 Background of study.

The global energy demand and depletion of conventional onshore oil and gas reserves have
driven the petroleum industry toward deepwater exploration, where an estimated 70% of
undiscovered hydrocarbon resources are located. Deepwater drilling, defined as operations in
water depths exceeding 500 meters, presents unique technical challenges including narrow
pressure windows between pore and fracture pressures, complex geological formations, and
increased safety risks due to remote operational environments. Conventional drilling methods
often struggle to maintain precise bottomhole pressure control in these environments, leading

to wellbore instability, lost circulation events, and potential well control incidents.

Managed Pressure Drilling (MPD) technology emerged in the early 2000s as an advanced
drilling technique that provides real-time pressure management through closed-loop
circulation systems and surface backpressure control. MPD is increasingly being recognized
for its crucial role in deepwater environments, offering significant technological
advancements over conventional drilling methods through the application of advanced
control mechanisms such as automatic topside choking to maintain specific pressure setpoints
at the bottom of the well (Landet et al., 2013). The application of MPD in deepwater
environments is primarily driven by the need to precisely control wellbore pressures,
especially when dealing with ultra-high-pressure high-temperature (HPHT) environments or

narrow drilling margins (Landet et al., 2013).

This technology is particularly beneficial in deepwater contexts where traditional drilling

would struggle to manage pressure fluctuations due to environmental disturbances like



vertical drill string motions, while facilitating real-time adjustments to drilling parameters
that significantly enhance safety and efficiency by preventing common issues such as gas
kicks or unexpected formation influxes (Landet et al., 2013; Godhavn, 2009; Huque et al.,
2020). In deepwater drilling, MPD helps mitigate risks associated with hydrate formation by
maintaining constant wellbore pressure and temperature conditions that reduce the likelihood
of hydrate plugs forming, while providing a framework for dynamic well control essential in
managing multiphase flow conditions and maintaining safe operation thresholds (Barker and

Gomez, 1989; Macpherson et al., 2016).

The successful application of MPD in ultra-HPHT environments, such as the South China
Sea, demonstrates the technology's adaptation to high-risk and complex geological
formations through precise modelling of Equivalent Circulating Density (ECD) and
operational parameter optimization, enabling operations within narrow density windows
typical of these formations while significantly reducing non-productive time and overall well
costs (Yin et al., 2020). Overall, the integration of MPD in deepwater environments presents
significant advantages in terms of safety, efficiency, and cost-effectiveness by allowing
precise pressure management and enabling real-time operational adjustments that enhance the
capacity to safely explore and develop hydrocarbon resources in challenging environments

(Huque et al., 2020; Godhavn, 2009; Landet et al., 2013).

Despite these proven advantages and successful implementations, the available literature
lacks comprehensive review of optimal MPD configurations, standardized procedures, and
systematic review of when and where MPD provides the greatest benefits over conventional
drilling methods in deepwater environments. This knowledge gap has created uncertainty
among operators regarding MPD technology selection, implementation strategies, and

expected performance outcomes in deepwater projects. The need for systematic review of



existing deepwater MPD knowledge has become increasingly important as the industry
continues to push into ultra-deepwater environments with even more challenging drilling
conditions, making systematic review of proven best practices and identification of areas
requiring further development essential for optimizing drilling performance, reducing

operational risks, and improving project economics in deepwater operations.

1.2 Statement of problem

Although Managed Pressure Drilling (MPD) provides real-time pressure control and closed-
loop systems, limited research has comprehensively reviewed its optimal configurations,
procedures, and integration strategies for deepwater environments. The problem, therefore, is
to conduct a systematic literature review to identify best practices, assess existing MPD
technologies, and propose improved methodologies for effective implementation in

deepwater drilling environments.

1.3 Aim and objectives

The aim of this study is to review existing literature on deep-water MPD applications and

develop evidence-based recommendations for optimal implementation strategies.

The following objectives are adopted to achieve this:

1. To review existing literature on MPD fundamentals, system components, and
operational principles

2. To research factors contributing to successful MPD project in deep water

3. To establish different published case studies of successful MPD implementations in
deep-water

4. To recommend areas for future research and technology development



1.4 Significance of study

This study is important because it provides a detailed review of how Managed Pressure
Drilling (MPD) has been applied in deep-water environments. It organizes scattered research
findings into practical guidelines that can assist drilling engineers and project managers in
making better decisions. The study also adds value to both academic knowledge and industry
practice by showing the current strengths, limitations, and areas where more work are needed.
By turning existing studies into clear best practices and implementation frameworks, this
research will serve as a useful reference for future studies, training programs, and the

improvement of MPD technologies in deep-water drilling.

1.5 Scope and limitations of study

This study focuses on a literature-based review of Managed Pressure Drilling (MPD) in deep-
water environments, reviewing existing technologies, procedures, and integration strategies to
identify best practices and propose improved methods for safer and more efficient drilling.
The research draws mainly from published academic works, technical papers, and industry

reports, making it useful for both academic study and practical application.

However, the study is limited to secondary data and does not include new experimental or
field investigations, which means the findings depend on the quality and availability of
existing literature. In addition, differences in regional practices, environmental conditions,
and operator-specific technologies may not be fully reflected, so the recommendations

provided may require further testing and adaptation before being applied universally.



CHAPTER 2
LITERATURE REVIEW

MANAGED PRESSURE DRILLING FUNDAMENTALS

2.1 Definition and core principles

Managed Pressure Drilling, according to the International Association of Drilling Contractors
(IADC), is defined as "an adaptive drilling process used to more precisely control the annular
pressure profile throughout the wellbore™. The objectives are "to ascertain the down-hole
pressure environment limits and to manage the annular hydraulic pressure profile
accordingly™" (Hannegan, 2011). "Basic to MPD planning and execution is the concept that it
is an adaptive procedure (Rehm, et al., 2008)." The general concept is to establish a closed-
to-atmosphere envelope, so that the Bottom-Hole Pressure (BHP) can be adjusted in a matter
of seconds to accommodate changes in formation characteristics, and thereby avoid the influx

of formation fluids and collapse of formation rocks.

2.11 Historical Development and Evolution

MPD technology evolved from the industry's recognition that conventional drilling methods
were inadequate for increasingly challenging drilling environments encountered in deepwater
exploration. The development of MPD began in the early 2000s as operators sought solutions
to drill wells with narrow pressure margins that conventional overbalanced drilling could not
safely navigate (Rehm et al., 2008). Early applications focused primarily on mature onshore
fields with depleted pressures, but the technology quickly gained attention for its potential in
deepwater environments where narrow pressure windows between pore pressure and fracture

gradient present significant operational challenges.



The evolution of MPD in deepwater environments represents a natural progression driven by
the industry's move toward ultra-deepwater exploration in water depths exceeding 1,500
meters. These environments present unique challenges including extended pressure
transmission times, dynamic positioning effects from floating drilling vessels, and complex
integration requirements with subsea equipment that necessitated significant adaptations of

MPD technology originally designed for onshore applications (Hannegan, 2011).

2.12 Fundamental Operating Principles

The fundamental principle distinguishing MPD from conventional drilling lies in its ability to
actively manage annular pressure rather than relying solely on static mud weight for pressure
control. MPD systems continuously monitor and adjust bottomhole pressure through surface
backpressure application, enabling operators to maintain pressure within optimal ranges
regardless of circulation status or operational activities. This adaptive capability is
particularly valuable in deepwater environments where formation pressures may be poorly
characterized and conventional drilling approaches lack the precision needed to operate

safely within narrow pressure margins.

The closed-loop circulation system forms the foundation of MPD operations, directing all
wellbore returns through a controlled flow path rather than allowing fluids to discharge at
atmospheric pressure as in conventional drilling. This closed system enables continuous
measurement of return flow rates and fluid properties while providing the means to apply
precise backpressure through surface choke manipulation. In deepwater applications, the
closed-loop system also facilitates early detection of formation influx or lost circulation
events through sensitive flow monitoring capabilities that can identify discrepancies between

pump rates and return flows within seconds.



Real-time pressure control represents another fundamental principle of MPD technology,
with automated control systems capable of adjusting surface backpressure in response to
changing downhole conditions. These control systems integrate data from multiple sensors
throughout the drilling system, including downhole pressure measurements, surface
pressures, flow rates, and drilling parameters, to maintain target bottomhole pressures with
precision unattainable through conventional methods. In deepwater environments, advanced
control algorithms compensate for extended response times caused by large fluid volumes in
marine risers and drill strings, enabling effective pressure management despite inherent

system delays.

Earth surface

Drill string

Figure 2.1: Schematic of a managed pressure drilling rig setup (Al Amin 2017)

2.13  Evolution from Conventional Drilling



Traditional drilling methods rely primarily on static mud weight to control formation
pressures, with limited ability to make real-time adjustments during drilling operations. This
approach often results in a "one-size-fits-all" pressure profile that may not be optimal for
varying formation conditions encountered throughout the wellbore (Godhavn, 2009). The
development of MPD technology emerged from the industry's need to drill wells with
increasingly narrow pressure windows, where the margin between pore pressure and fracture

pressure is insufficient for conventional drilling approaches (Malloy et al., 2009).

The transition to MPD represents a paradigm shift from reactive to proactive pressure
management. While conventional drilling responds to pressure events after they occur, MPD
enables predictive pressure control through continuous monitoring and real-time adjustments
(Rehm et al., 2008). This fundamental difference allows operators to maintain the wellbore
within optimal pressure ranges, reducing the risk of drilling hazards and improving overall

drilling performance.

Backpressure
Pressure =

Conventignal drilling

EEEETTr e S1ahc mud welghl
= = == Dynamic mud weight

< Depth

Pore pressure

Fracture pressure




Figure 2.2: Comparison between conventional and managed pressure drilling (Al Amin
2017)

2.14  Key System Components

MPD systems consist of several critical components that enable precise pressure control. The
primary elements include a rotating control device (RCD) that maintains a seal around the
drill pipe while allowing rotation, a choke manifold system for applying surface
backpressure, a dedicated MPD pump for circulation control, and an automated control

system that integrates real-time data to make pressure adjustments (Hannegan, 2011).

The closed-loop circulation system is fundamental to MPD operations, as it allows all returns
to be directed through the choke system rather than flowing over the conventional mud return
line. This configuration enables continuous monitoring of return flow rates and provides the
means to apply precise backpressure to the annulus (Godhavn, 2009). Advanced sensors
throughout the system provide real-time measurement of pressures, flow rates, and fluid
properties, feeding data to sophisticated control algorithms that can respond to changing

conditions within seconds.

2.15 Variations of Managed Pressure Drilling

According to Aadnoy (2009, quoted in Rohani, 2012, p.26), there are four key variations of
MPD often used in practice today, with combining several variations on the same prospect

expected to become more frequent as the technology develops.



Constant Bottom Hole Pressure (CBHP)

This variation applies in areas where pore fracture pressure gradient windows are narrow.
The major consideration is to drill with a lighter fluid so that bottom-hole pressure (BHP)
remains constant, whether the fluid column is static or circulating, based on Aadnoy's views
(2009, cited in Rohani, 2012, p.26). CBHP encompasses two sub-methods that address

different operational scenarios and drilling challenges.

Friction Management Method is primarily used in High Pressure High Temperature
(HPHT) or extended reach wells where maintaining constant BHP is critical for wellbore
stability and formation integrity. This method focuses on managing the frictional pressure
losses that occur during circulation by applying precise surface backpressure to compensate

for pressure variations caused by pump startup, shutdown, or flow rate changes.

Continuous Circulation Method is employed to keep Equivalent Circulating Density (ECD)
constant without interrupting circulation during drilling operations. This approach is
particularly valuable in formations sensitive to pressure fluctuations, as it eliminates the
pressure surges and swab effects typically associated with conventional pipe connections and

tripping operations.

Mud Cap Drilling (MCD)

Mud Cap Drilling represents a specialized approach for challenging drilling environments

where conventional circulation methods are ineffective or impossible.

Pressurized Mud Cap Drilling (PMCD) is mainly used in wells that experience total losses
and kicks within the wellbore (Nas, Toralde et al., 2009, p.3). This method operates by

drilling with a drilling fluid that has lower density, is cost-effective, and can be sacrificed to

10



the formation. The technique allows controlled fluid losses while maintaining wellbore
pressure through a pressurized mud cap that prevents uncontrolled influx from other
formations. PMCD is particularly effective in fractured or highly permeable formations

where conventional circulation is impossible.

Controlled Mud Cap (CMC) is primarily utilized in areas with unknown pore pressure or
uncertain pressure gradients of the formation. This method allows modification of wellbore
pressure by altering mud levels within the riser while keeping the well safely confined. CMC
provides flexibility in pressure management when formation characteristics are poorly

understood or highly variable throughout the wellbore.

Dual Gradient Drilling (DG)

This method employs two different drilling fluids while drilling to create a pressure profile
with dual gradients. It is particularly preferred for drilling operations where using a single
fluid throughout the entire wellbore would cause pressures to exceed the fracture gradient,

making it especially relevant for deepwater applications.

The Annulus Injection Method involves injecting lighter fluid into the annulus at specific
depths to reduce the overall hydrostatic pressure gradient, while the Dual Gradient Method
utilizes different fluid densities above and below specific points in the wellbore to optimize
the pressure profile for varying formation requirements. Both sub-methods are designed to
expand the operational window between pore pressure and fracture pressure, enabling

successful drilling in challenging pressure environments.

11



Return Flow Control (RFC) or HSE Method

This method leverages the advantages of a closed circulation system and is applied when
hazardous conditions threaten to halt drilling and production operations. Because return flow
is precisely controlled, it significantly reduces risks to drilling personnel and the environment
from major incidents. RFC enables continuous monitoring of all fluids returning from the
wellbore, providing early detection of formation influx or other hazardous conditions while

maintaining the ability to respond rapidly with appropriate pressure control measures.

The selection of appropriate MPD variation depends on specific wellbore challenges,
formation characteristics, regulatory requirements, and operational constraints. Modern MPD
operations increasingly combine multiple variations within a single well to address changing

conditions and optimize drilling performance throughout different wellbore sections.

2.16  Adaptive Control Philosophy

The adaptive nature of MPD distinguishes it fundamentally from conventional drilling
approaches. Rather than relying on predetermined drilling parameters, MPD systems
continuously evaluate downhole conditions and adjust operational parameters in real-time
based on measured responses (Godhavn, 2009). This adaptive capability allows MPD to
respond to unexpected formation changes, pressure variations, and operational challenges as

they occur, rather than after problems have already developed.

The adaptive control philosophy extends beyond simple pressure management to encompass
comprehensive wellbore condition monitoring. MPD systems can detect early indicators of
potential problems such as formation fluid influx, lost circulation, or wellbore instability,

enabling proactive responses that prevent minor issues from escalating into major drilling

12



hazards (Malloy et al., 2009). This predictive capability represents a significant advancement

over conventional drilling's reactive approach to problem management.

2.2 Technical challenges in deepwater mpd

The literature reveals that implementing Managed Pressure Drilling in deepwater
environments presents significantly greater challenges compared to onshore or shallow water
applications. These challenges arise from the unique characteristics of deepwater
environments including water depths exceeding 500 meters, extended equipment deployment
distances, dynamic vessel positioning, and harsh marine conditions. This section reviews the

key technical, operational, and economic challenges documented in existing literature.

2.2.1 Equipment Integration Complexities

Published research consistently identifies equipment integration as one of the primary
technical barriers to deepwater MPD implementation. The integration of MPD systems with
subsea wellheads, blowout preventer stacks, and marine riser systems presents complexities

that differ fundamentally from onshore applications.

Rotating Control Device Integration

The Rotating Control Device (RCD) maintains a seal around the rotating drill pipe while
containing wellbore pressures. Literature documents two primary RCD placement approaches
for deepwater operations, each with distinct advantages and limitations. Surface-mounted
RCDs, positioned on the drilling rig, require extended choke lines to subsea equipment,

which introduces pressure losses and response time delays (Hannegan, 2011). Studies

13



indicate that these extended distances complicate gas handling and reduce the rapid response

capabilities that are essential for effective MPD operations.

Subsea-mounted RCD configurations are reported to offer improved hydraulic performance
by positioning closer to the wellbore, thereby reducing pressure transmission delays.
However, research highlights operational complexities including specialized installation
procedures, limited maintenance accessibility, and increased challenges for emergency
interventions. The marine environment subjects’ subsea RCDs to corrosive conditions and

dynamic loading that can accelerate equipment wear (Rehm et al., 2008).

Marine Riser System Integration

Literature emphasizes that marine riser systems must accommodate MPD equipment while
maintaining structural integrity under dynamic loading from vessel motion and ocean
currents. Published case studies note that integrating pressure sensors, flow measurement
devices, and choke line connections within the riser system requires careful engineering to

avoid interference with normal operations and emergency disconnect procedures.

Research indicates that extended riser lengths in deepwater operations, often exceeding
several thousand meters, create substantial fluid volumes that affect system response times.
Studies show that changes in surface backpressure require time to propagate through the riser
before affecting bottomhole pressure, necessitating predictive algorithms and advanced

automation to compensate for these delays.

Subsea Control System Integration

Published research identifies the integration of MPD control systems with subsea control

pods and hydraulic systems as a significant technical challenge. Literature emphasizes the

14



need for extensive redundancy and fail-safe mechanisms to maintain reliability under harsh
marine conditions. Studies document that communication delays between surface control
systems and subsea equipment introduce latency that complicates real-time pressure control.
Research suggests that system integration complexity increases the potential for
communication protocol mismatches and software conflicts that can compromise MPD

operations.

2.2.2  Pressure Control System Limitations

Deepwater MPD faces extended system response times due to large fluid volumes in marine
risers and drill strings, with pressure transmission delays ranging from seconds to minutes.
Wave-induced pressure fluctuations from vessel heave create surge and swab pressures
during pipe movement that require sophisticated predictive models and precise choke control
to compensate for multiple complex parameters including fluid properties, wellbore

geometry, and pipe dynamics.

2.2.3 Operational Constraints in Deepwater Environments

Weather sensitivity forces operation suspension during high sea states, while extended
equipment deployment times and limited emergency response capabilities require
conservative operational approaches. Specialized crew training requirements and the need for
personnel with both MPD expertise and deepwater experience create staffing challenges and

increase operational costs.

2.2.4 Economic and Logistical Challenges

MPD implementation costs include equipment installation downtime of several days,

specialized service company personnel, and transportation expenses that can reach millions of

15



USD. The service model requires coordination between drilling contractors and MPD service
companies, while deepwater rig rates of $500,000-$1M per day demand substantial economic

benefits to justify the additional complexity and costs.

2.2.5 Technology Gaps and Areas for Improvement

Current technology exhibits insufficient real-time data processing, equipment reliability
issues in marine environments, and lack of standardization across operators. MPD technique
selection is limited by safety considerations, with some variants like RFC/HSE restricted to
dangerous conditions where conventional drilling may be preferred. Advanced modelling
capabilities require development to accurately predict system behaviour under complex

deepwater conditions.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Research Design

This study adopts a systematic literature review approach to examine the application of
Managed Pressure Drilling (MPD) in deepwater environments. The research is qualitative in
nature, focusing on synthesizing existing knowledge from published academic and industry
sources to identify best practices, evaluate technologies, and provide evidence-based

recommendations for MPD implementation in deepwater drilling operations.

3.1.1 Research Approach

A systematic literature review methodology was selected as the most appropriate approach
for addressing the research objectives. This method enables comprehensive examination of
existing MPD literature, identification of key themes and patterns, and synthesis of findings
from multiple sources to develop meaningful conclusions about deepwater MPD applications.
The review process involved structured searching, systematic screening, and thematic

analysis of relevant literature.

3.2 Literature Sources and Data Collection

3.2.1 Types of Sources

The research drew upon multiple categories of published literature to ensure comprehensive

coverage:

17



Academic Sources:

e Peer-reviewed journal articles from petroleum engineering and drilling technology journals
e Conference proceedings from major industry conferences (SPE, IADC, OTC)

e Academic research papers and technical reports

Industry Sources:

Technical publications from service companies

Industry case studies and white papers

Professional organization publications

Trade journals and technical magazines

3.2.2 Search Strategy

Literature searches were conducted using the following approach:

Primary Search Terms:

e "Managed Pressure Drilling"
e "MPD deepwater"
e "Deepwater drilling pressure control"

¢ "Offshore MPD applications"

Search Platforms:

e Google Scholar
¢ Online academic databases
e Industry websites and technical libraries

e Professional organization repositories

18



3.2.3 Selection Criteria

Inclusion Criteria:

e Publications focusing on MPD technology and applications
o Studies related to deepwater or offshore drilling operations
e Literature published between 2005-2025

o English-language publications

e Sources providing technical details, case studies, or operational insights

Exclusion Criteria:

e Publications focused exclusively on onshore drilling
e Studies unrelated to MPD technology
e Non-English publications

e Sources lacking technical depth or relevance

3.3 Data Analysis Process

3.3.1 Literature Search Process and Results

The systematic literature search was conducted following a structured approach to ensure
comprehensive coverage of relevant sources while maintaining focus on the research

objectives

19



Figure 3.1: Literature Search and Selection Process

Initial Database Search

(Google Scholar, Academic Databases, Industry Sources)

Search Terms: ""Managed Pressure Drilling*, "**"MPD Deepwater™,
""Offshore MPD", "'Deepwater Pressure Control"

)
Total Sources Identified: ~150

!
Title and Abstract Screening
(Relevance Assessment)
!
Excluded: ~80 sources
- Not focused on deepwater applications
- Not related to MPD technology
- Published before 2005
- Insufficient technical detail

!

Full-Text Review: ~70 sources
!

Application of Inclusion/Exclusion Criteria
!

Excluded: ~20 sources
- Onshore-only applications
- Conventional drilling focus
- Limited relevance to objectives
!
Final Literature Corpus: ~50 sources
(Academic papers, industry reports, case studies)

!
Thematic Analysis and Synthesis
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Table 3.1: Distribution of Literature Sources by Type

Number of|
Source Type Percentage|| Examples
Sources
Academic Journal Articles |[15 30% SPE journals, peer-reviewed papers
Conference Proceedings 20 40% SPE, IADC, OTC conferences
Industry Reports & Case Service company publications, operator
10 20%
Studies reports
Technology  assessments, technical
Technical White Papers 3 6%
guides
Professional Publications 2 4% IADC publications, industry standards
Total 50 100%

21




Table 3.2: Literature Coverage by Geographic Region

Number of]
Region Key Focus Areas
Sources
Gulf of Mexico 12 Ultra-deepwater operations, HPHT environments
Mature field applications, harsh environment
North Sea 8
operations
Mediterranean 6 Fractured carbonates, lost circulation challenges
West Africa 5 Deepwater turbidite systems, narrow margins
Asia-Pacific 7 South China Sea HPHT, complex geology
General/Multiple
12 Technology fundamentals, system components
Regions
Total 50
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Table 3.3: Literature Coverage by Theme

Number of|
Theme Focus
Sources
MPD Fundamentals & Technology |12 Definitions, principles, system components
Deepwater Applications & Case Implementation  experiences,  project
15
Studies outcomes
Equipment integration, operational
Technical Challenges & Limitations |[10
constraints
Planning,  coordination,  optimization
Best Practices & Success Factors 8
strategies
System Components &
5 RCDs, choke systems, control systems
Configurations
Total 50
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3.3.2 Thematic Analysis

The collected literature was analysed using a thematic approach, organizing findings

according to key themes that emerged during the review process:

e MPD fundamentals and technology principles
e Technical challenges in deepwater applications
e Best practices and success factors

e System components and configurations

e (Case studies and implementation experiences

3.3.3 Synthesis Approach

Information from multiple sources was synthesized to:

e Identify common patterns and trends

¢ Compare different MPD approaches and implementations

e Extract best practices from successful projects

e Identify knowledge gaps and areas requiring further research

e Develop evidence-based conclusions and recommendations

3.3.4 Critical Evaluation

Each source was critically evaluated for:

¢ Relevance to deepwater MPD applications
e Technical credibility and accuracy
¢ Contribution to understanding MPD implementation

¢ Quality and reliability of information presented
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3.4 Research Limitations

3.4.1 Scope Limitations

This review is limited to publicly available literature and does not include:

e Proprietary industry data or confidential case studies
e Unpublished operational experiences
e Primary data collection through interviews or surveys

¢ Field observations or experimental studies

3.4.2 Access Limitations

The research was constrained by:

e Availability of English-language publications only
e Access to publicly available sources and databases
e Time period focus (2005-2025)

e Geographic representation in published case studies

3.4.3 Methodological Limitations

As a literature-based study, findings are limited by:

e Quality and comprehensiveness of available published sources
e Potential publication bias toward successful implementations
e Lack of primary data validation

e Variability in technical detail across different sources
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3.5 Reliability and Validity

To ensure reliability and validity of the review:

e Multiple sources were consulted for key findings

e Peer-reviewed and industry-recognized publications were prioritized
e Information was cross-referenced across different sources

e Citations were maintained for all factual claims and data

e Critical analysis was applied to assess source credibility

3.6 Ethical Considerations

This research complies with academic ethical standards by:

e Properly citing all sources and acknowledging original authors

e Avoiding plagiarism through appropriate paraphrasing and citation
e Respecting intellectual property rights

e Maintaining objectivity in analysis and presentation

¢ Using only publicly available information
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CHAPTER 4

RESULTS, FINDINGS AND DISCUSSION

This chapter presents key findings from the systematic literature review of Managed Pressure
Drilling applications in deepwater environments, organized to first establish successful

implementations through case studies, followed by analysis of critical success factors.

4.1 Published Case Studies of Successful MPD Implementations

4.1.1 Gulf of Mexico Ultra-Deepwater Implementation

Project Context: An ultra-deepwater exploration well in Mexican Gulf of Mexico waters at
3,276 m water depth faced pore pressure uncertainty and narrow PP/FG windows. The
operator integrated MPD from project onset to address potential excessive casing

requirements under conventional drilling.

MPD Application:

Integrated planning from project start

Dynamic pore pressure testing during operations

Managed Pressure Cementing for 13-3/8-in. casing

Real-time pressure adjustments throughout operations

Key Results:

Zero fluid losses during cementing (high-probability hazard avoided)

Improved LOT at shoe

Avoided contingency liner: USD 3.5 million savings

Industry first: Deepest water MPD cementing from drillship
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4.1.2 East Malaysia Deepwater Horizontal Well

Project Context: A horizontal deepwater oil producer in Sabah, East Malaysia encountered
wellbore instability and loss circulation in tight drilling windows between depleted sands and
interlayered shales. Conventional drilling with wellbore strengthening failed, requiring

cement plug and side-track.

MPD Application:

MPD Integrated Riser Joint (IRJ) deployed with riser

e Lighter drilling fluid with surface backpressure control

e Tripping in MPD mode without heavy mud displacement

e Software-simulated MPC schedule for pressure surge minimization

e Advanced flow detection and riser gas handling

Key Results:

Successfully drilled previously undrillable well to target depth

Avoided heavy mud displacement during operations

Completed casing and cementing without pressure incidents

e Demonstrated horizontal well MPD effectiveness

4.1.3 Mediterranean Deepwater Gas Field

Project Context: Offshore Mediterranean Egypt operations faced severe to catastrophic mud
losses in cavernous fractured carbonate gas reservoirs with narrow PP/FG windows.
Conventional drilling resulted in extended NPT, massive cement/LCM consumption, and

multiple well control situations.
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MPD Application:

e Strategic shift from conventional to MPD after failures
e Precise bottomhole pressure control
o Early kick detection system integration

e Real-time response to loss/kick situations

Key Results:

e  Mud losses: 81% reduction (19.6 to 3.7 m*/m)

e ROP: 37.4% increase

e NPT: 35% reduction

e LCM volume: 35% reduction

e Cement volume: 67.2% reduction

e Eliminated kick-loss cycles and well control events

o Eliminated contingent 7" liner requirement
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4.1.4 Case Study Comparison

Table 4.1: Comparative Analysis of Deepwater MPD Case Studies

Location MPD
Primary Results /||Key  Success
Case Study & Water Application
Challenges Improvements Factors
Depth Strategy
Early MPD
Narrow Zero fluid losses;||Early planning,
integration;
Gulf of Mexico|Mexican |PP/FG improved LOT;||adaptive
dynamic  pore
Ultra- waters, window, avoided operations,
pressure testing;
Deepwater 3,276 m ||pressure ramp contingency liner;||multi-party
MPC during
uncertainty saved USD 3.5M ||coordination
cementing
Wellbore Simulation-
Use of lighter
Sabah, instability, Target depth|jbased planning,
East Malaysia mud and SBP;
offshore ||loss achieved; no losses;|[real-time
Deepwater IRJ and riser gas
East circulation, safe tripping and||monitoring,
Horizontal Well handling; MPC
Malaysia |[tight pressure cementing strong team
with simulation
margin coordination
81% mud loss||Early kick
Severe  mud|Reactive MPD
reduction; 35%||detection,
Mediterranean losses, adoption  after
Offshore NPT reduction;||pressure
Deepwater Gas fractured conventional
Egypt 37% ROP increase;|[precision, cost-
Field carbonates, failure; precise
no well control||benefit
narrow PP/FG||BHP control
events adaptation
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Source: Compiled from reviewed literature on global deepwater MPD applications (2020-

2024).

Key Insights from Case Comparison:

Geographic diversity: Three different regions demonstrate MPD applicability globally

¢ Implementation flexibility: Both proactive planning and reactive problem-solving successful

e Formation variety: Pressure uncertainty, depleted formations, and fractured carbonates all
addressed

e Well type adaptability: Vertical exploration, horizontal production, and gas wells all
benefited

¢ Consistent benefits: All cases showed substantial operational improvements and cost savings

e Technology variations: Different MPD configurations tailored to specific challenges

e Common theme: Precise pressure control enabled success where conventional drilling failed

or posed high risks

4.2 Factors Contributing to Successful MPD Projects in Deepwater

Literature analysis across multiple case studies reveals four critical categories of success
factors that consistently correlate with positive MPD project outcomes in deepwater

environments.

4.2.1 Planning and Preparation

Early Integration: Proactive MPD planning (Gulf of Mexico) or strategic pivot after
conventional failure (East Malaysia, Mediterranean) both prove effective when properly

executed with comprehensive risk assessment and stakeholder coordination.
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Risk Assessment: Identification of MPD-specific scenarios including equipment failures,
weather limitations, and communication redundancy requirements enables better contingency

planning.

4.2.2 Technical Factors

Equipment Selection: Prioritization of reliability over cost optimization, with subsea-rated
equipment, redundant systems, and advanced automation proves essential for deepwater

SUCCESS.

System Configuration: Optimal component selection (RCD positioning, automated chokes,
precision flow measurement, and vessel motion compensation) tailored to specific

operational challenges.

4.2.3 Operational Factors

Standardized Procedures: Comprehensive protocols for normal and emergency operations,
rigorous pre-operation testing, specialized connection procedures, and regular maintenance

schedules maintain operational integrity.

Performance Monitoring: Real-time data integration from multiple sensors, continuous
pressure control monitoring, dynamic testing capabilities, and adaptive parameter

optimization enable responsive operations.

4.2.4 Coordination and Team Factors

Multi-Disciplinary Integration: Cross-functional coordination among engineering,
operations, and service providers with clear communication channels and defined decision-

making authority ensures smooth execution.
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Adaptive Capabilities: Real-time response to changing conditions, operational flexibility,
integration of lessons learned, and rapid problem-solving enable successful navigation of

unexpected challenges.

4.3 Discussion of Findings

4.3.1 Proactive versus Reactive Implementation

The case studies reveal two distinct MPD implementation approaches. The Gulf of Mexico
demonstrates proactive integration from project onset, enabling optimized system design and
comprehensive planning. In contrast, East Malaysia and Mediterranean cases show reactive
deployment following conventional drilling failures. While proactive implementation offers
greater optimization opportunities, reactive approaches successfully salvage otherwise
infeasible wells. Both require comprehensive planning, though with different urgency and

constraints.

4.3.2 Economic Justification

Economic analysis reveals consistent cost savings justifying MPD implementation despite
higher upfront costs. Gulf of Mexico saved USD 3.5 million, Mediterranean achieved 35%
NPT reduction and 81% mud loss reduction, while East Malaysia enabled completion of a
previously undrillable well. These findings suggest MPD justification extends beyond cost
reduction to include risk mitigation, operational efficiency, and enabling access to

challenging reserves.

4.3.3 Formation-Specific Considerations

Diverse geological challenges across cases highlight the need for formation-specific MPD

approaches. Pressure uncertainty (Gulf of Mexico) required dynamic testing, depleted
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formations (East Malaysia) needed precise EMW control, and fractured carbonates
(Mediterranean) demanded rapid response systems. No single MPD approach optimally
addresses all deepwater challenges, emphasizing customized solutions based on formation

characteristics.

4.3.4 Technology Integration Complexity

Cases demonstrate varying technology integration levels from basic systems to sophisticated
equipment including Integrated Riser Joints, advanced flow detection, and software-
simulated cementing. This sophistication introduces operational complexity requiring
specialized expertise, extensive training, and robust support systems. Successful integration
depends on operator competency, effective communication, and comprehensive contingency

planning.

4.3.5 Multi-Party Coordination

All cases emphasize critical importance of coordination among operators, contractors, and
service providers. Deepwater environments amplify coordination challenges through remote
locations, communication delays, and high-consequence operations. Success requires clear

roles, established protocols, integrated training, and defined decision-making authority.

4.3.6 Current Limitations

Despite successes, persistent challenges limit optimal MPD performance including extended
response times in deepwater risers, equipment reliability concerns in harsh marine
environments, lack of standardized procedures across operators, and economic uncertainties

affecting adoption decisions.
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4.3.7 Industry Implications

Key implications for practice include: early MPD evaluation during planning enables better
optimization;  formation-specific challenges should drive technology selection;
comprehensive economic analysis should encompass risk mitigation and reserve access;
successful implementation requires organizational investment in expertise and training; MPD
provides effective risk mitigation but introduces operational complexities requiring careful

management.

Summary of Key Findings:

This chapter documented three successful deepwater MPD implementations demonstrating
quantifiable improvements of 35-81% in various performance metrics with substantial cost
savings. Analysis reveals MPD effectiveness depends on four critical factors: comprehensive
planning, appropriate technical configurations, disciplined operational procedures, and
effective team coordination. Both proactive and reactive implementation approaches prove
successful when properly executed. The findings validate that MPD technology provides
substantial benefits over conventional drilling in challenging deepwater environments when
implemented with attention to these success factors and understanding of both capabilities

and limitations.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusion
This systematic literature review examined the application of Managed Pressure Drilling in
deepwater environments through analysis of multiple published sources including academic
papers, industry reports, and case studies. The review successfully addressed all four research
objectives, providing comprehensive insights into MPD technology, success factors,

implementation experiences, and future development needs.

Key Findings

MPD provides precise pressure control through four primary variations (CBHP, MCD, Dual
Gradient, RFC). Success requires comprehensive planning, appropriate technical
configurations, disciplined procedures, and effective team integration. Three case studies

documented 35-81% performance improvements and USD 3.5 million in cost savings.

However, challenges persist: extended response times, equipment reliability issues, lack of
standardization, and inadequate economic evaluation frameworks limit optimal performance

and broader adoption.

5.2 Recommendations

Industry Practitioners: Conduct formation-specific analysis and comprehensive economic

assessment during planning

Prioritize equipment reliability and early subsea system integration

Establish standardized procedures, testing protocols, and training programs
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Future Research: Priorities include Al/machine learning control systems, enhanced
equipment  reliability, industry-wide  standardization, = comprehensive  economic

methodologies, and improved integration technologies.

5.3 Contribution to Knowledge

This study provides the first comprehensive systematic review of deepwater MPD, organizing
scattered research into a coherent framework with quantified performance benchmarks (35-
81% improvements, USD 3.5M+ savings). Key contributions include identification of four
critical success factors, systematic documentation of knowledge gaps for future research, and
evidence-based best practices from diverse regional case studies. These findings establish a

foundation for comprehensive implementation frameworks and decision-making tools.

MPD effectively addresses deepwater drilling challenges with proven performance
improvements. As the industry advances into ultra-deepwater frontiers, MPD will play an
increasingly critical role in safe and economic hydrocarbon development. Success depends on
proper planning, technology selection, and coordination—with continued research and

collaboration essential for broader adoption
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