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K. Him Lo, Jerry G. Williams®, Metin Karayaka® and Mamdouh Salama®

ABSTRACT

This paper provides an overview of the progress made in the past decade in offshore
composites and addresses some of the remaining challenges and opportunities. A discussion
of the key faciors that influence the acceptance of composites for offshore operations is
given. Advancements made to expand the usage of composites for both topsides and
applications below the waterline are reviewed The major near term challenge facing
offshore composites includes successful implementation of the advanced composite products
that have been developed in the past decade and development of regulatory guidelines
specific to composites and the offshore oil industry. Potential opportunities for offshore
composite applications still exist. However, a dedicated effort will be required during the
next few years to insure that composites are included as an option by the oil and gas industry
as it develops technology to explore and produce from ultra-deep water. Creative and
innovative concepts and approaches are essential to the future success of offshore
composites.

INTRODUCTION

Significant effort has been spent in the last decade to facilitate and increase the use of
composites in the offshore oil industry. Reasonably good progress has been made to expand
the usage of composites for topside components. The acceptance of composites by the
offshore operators is also increasing. For deepwater applications, components made with
advanced composites are beginning to emerge. Some advanced components such as high
pressure riser accumulator bottles have already been used successfully in the field [1]. Other
components such as the rigid composite production and drilling risers are now ready for
deployment and sea trial [2-6]. Collaborative efforts between composite part suppliers,
engineering and construction companies, academic and research institutes, offshore operators
and various government agencies were essential to the progress made in the past decade.
Although must work still remains to be performed, the advancement made in offshore
composites in the past decade is clearly evident and has well positioned the oil and gas
industry to expand the usage of composites in offshore operations in the coming decade.
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Some earlier developments in offshore composites were reported [7-11] in two previous
conferences on Composite Materials for Offshore Operations [12,13] held in 1993 and 1997.
The current paper provides a summary update of the progress made in the last decade in the
application of composites offshore and discusses some of the remaining challenges and
opportunities. The objectives of the paper are to stimulate discussion and thought on the
future direction of offshore composites and to identify new research and development
initiatives. Hence, the paper is not intended to be a comprehensive review of all current and
potential future applications. To provide a common basis to address offshore composites, the
paper begins with a review of some of the key factors that influence the acceptance of
composites for offshore operations. This is followed by an overview of the development
effort conducted during the past decade, a discussion on some near term challenges, and
finally a discussion of some potential opportunities and challenges in offshore composites.

INCENTIVES FOR OFFSHORE COMPOSITES

It is generally perceived that offshore operators will accept the usage of composite
components on their facilities if such usage can lead to improvement in project profitability,
enhancement in operational safety, and/or provide enabling technology. Improvement in
project profitability can usually be achieved through reduction in capital cost and/or
reduction in operation and maintenance cost. For many applications, the material cost of an
offshore composite component could be as high or higher than the steel counterpart. Hence,
for new built facilities, improvement in project profitability may not be realized based on
component cost alone. To demonstrate the ability of composites to provide cost benefits,
consideration must be given to the overall installed cost of the component. the plausibility to
reduce the overall system cost, the life cycle cost of the component, and the feasibility of
using composite components to meet demanding project schedule. For the replacement of
corroded parts on an existing facility, limiting the loss of production due to absence of hot
work, improvement in overall system safety and reliability, reduction in maintenance cost,
and improvement in payload capacity are factors which can permit composite components to
be cost competitive.

As exploration and production of oil and gas move into deeper water, weight reduction
becomes increasingly more important. It is clear that the lightweight characteristics of
composites are well suited for deepwater operations. In addition, the high strength-to-weight
ratio of advanced composites can be utilized to provide technical enabling solutions to assist
the development of deepwater assets. However, in the rapidly changing economic
environment experienced by the offshore oil and gas industry, acceptance of composite
components for deepwater operations based purely on the merit of providing technically
enabling solutions is usually difficult to justify. The composite component must also be
sufficiently cost-effective to be profitable to the offshore operators. Hence, for deepwater
operations, providing economical solutions is just as important as providing technical
enabling solutions.
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ACCEPTABLE COST OF OFFSHORE COMPOSITES

Table 1 provides an estimate of the relative cost range for offshore composite components
that might allow them to be affordable for offshore implementation.

Table 1 — Relative Acceptable Cost of Offshore Composite Components.

Applications Performance Cost of product
Requirements (§ per Ib)
Most Topside Components Moderate 2~5
High Performance Components High 10-20
e. g. production riser, tensioner
accumulator bottle
Unique Performance Enhancing High >20
Applications

The performance requirements of many topside composite components are relatively
moderate and glass fiber composites are usually sufficient to meet the functional performance
requirements. To provide economic benefits to the offshore operators and to be competitive
with steel components, the cost per pound of these components needs to be in the $2-5
range. Even though the cost per pound of composite components might be higher than that
of the steel components, actual economic benefits can still be derived due to their
significantly lower weight and lower installation cost. Lower maintenance and life cycle -
costs also provide economic incentive. In general, composite topside components can be
very cost competitive with steel components if the total installed cost of the component is
take into consideration.

For more heavily loaded components such as the composite production riser and the
composite accumulator bottle, carbon fiber is needed to meet the high performance
requirements. Since carbon fiber is more expensive than glass fiber, design optimization
and/or hybrid glass and carbon fiber construction must be considered to help reduce the cost
of these components. For these composite components to be competitive with steel
components, their cost will need to be in the range of $10-20 per pound of finished product.
For certain limited unique applications such as downhole equipment; a higher cost per pound
for the finished product may be acceptable.

The relative cost constraints given in Table 1 is intended only to provide a general picture of
the perceived acceptable cost of offshore composite components. As the cost of traditional
metallic components continues to improve, the pressure to lower the cost of offshore
composite components will continue to be imposed.



PROGRESS IN OFFSHORE COMPOSITES

Composite Topside Components

As mentioned earlier, reasonably good progress has been made in the last decade to expand
the usage of composites for offshore operations. Acceptance of composites for platform
topside components is increasing. New and/or improved composite products have been
developed and are now employed on various offshore facilities. The composite accumulator
bottles [1], fire resistant phenolic composite grating [14], and new fiber glass piping for fire
water main ring and dry deluge system [15] are a few examples of new composite products
that have been developed in the last decade. These new products are fast becoming
acceptable standard components on some new offshore facilities. Regulatory approval of
composite topside components is gradually becoming less laborious, at least for some
applications, by the development and issuance of new regulatory policy guidelines [16,17]
that are relevant to the operating conditions of the offshore industry. Some new and/or
improved industry standards [18,19] for offshore composite components are also beginning
to emerge.

Valuable positive experience has also been gained with some of the newer topside
applications. For example, the use of the hybrid composite accumulator bottles for the riser
tensioner system clearly demonstrates that advanced composites can be used to provide high
performance (3000 psi) while also providing cost-savings to the offshore industry. Well
defined performance requirements, optimized design and manufacturing processes, together
with firm commitment and support from the project engineers are the key factors to the
successful development and deployment of this high pressure application. Over 200
accumulator bottles of various sizes are in service today on several deepwater facilities and
some of them have seen active duty for over five years without incident. Similarly, the
relatively new phenolic grating has also been used successfully on several offshore platforms
for over five years without any problem. Significant component and system weight savings
with no major installed cost penalty together with improved fire safety and worker’s comfort
are the key factors for the acceptance of the phenolic composite grating for topside
applications.

Regulatory Guidelines for Topside Components

Regulatory approval plays a major role in the use of composites for offshore applications. As
mentioned earlier, the recent development and issuance of new regulatory policy guidelines
on composite grating and piping [16,17] by the United States Coast Guard (USCG) is a
significant advancement in simplifying regulatory approval process for offshore composites.
These guidelines represent an important step towards providing regulatory guidelines that are
directly relevant to the offshore industry and allow type approval of offshore composites
based on functional performance requirements and location of application on the platform.
To demonstrate the impact of regulatory type approval on the acceptance and usage of
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composites, Tables 2 and 3 taken from [14] compares the significant usage of composite
grating from one grating supplier before the issuance of the USCG Policy File
Memorandum (PFM) on composite grating to the total usage in the first 12 months after the
issuance of the PFM. It is clear that the acceptance of composite grating has grown
significantly with the issuance of the functional and performance based guidelines provided
in the PFM even during a period of difficult economic climate in the oil and gas industry.
The development of new regulatory policy guidelines required a significant level of effort.
Collaboration between suppliers and operators and the interest and cooperation of regulatory
authorities was essential to the development of the PFM based on functional and

performance merits.

Table 2. - Significant Composite Grating Usage (One Manufacturer) Before Issuance of
the USCG Regulatory Guidelines.

Fire Used Quantity
Year Type Platform / Rig Performance (square feet)
Level
1979 Fixed Ellen None 10,000
1986-88 | Fixed South Pass 62A/D | None ~5,000
1961 Fixed Ship Shoal 241 A | None ~8,000
1994.-96 | TLP Mars ** “L3% ~90,000
1995 Fixed West Delta 143A | None 40,000
1995-97 | TLP Ram Powell ** “1.37 59,960
1996 MODU-S8S | Ocean Star ** “L3” 12,122
1997 MODU-8S | Celtic Sea None 11,200
1997-98 | Fixed Spirit None 9,326
1996-99 | TLP Ursa ** “L3” 213,000

** Indicates a case by case approval to similar a L3 level

Table 3 - Significant Composite Grating Usage (One Manufacturer) After Issuance of
the USCG Regulatory Guidelines

Fire Used Quantity
Year Type Platform / Rig Performance (square feet)
Level
1998 SPAR *Diana/Hoover L2 +53,038
1998 MODU-SS | *Express L2 +34,855
1998 MODU-SS | *Energy L2 +34,855
1998 MODU-SS | *Cajun Express L2 +34,855
1998 Fixed West Delta 1438 None +29,000
1999 FPSO Petrobras P-40 None +6,960
1999 MODU-SS | Glomar C.R. Luigs | L2 +10,855
1999 MODU-8S | Glomar Jack Ryan | 1.2 +10,855
1999 MODU-S8S | *ENSCO 7500 L2 +9.580




[ 1999 TLP | Brutus 112 | +100,000
* ABS Classtified Vessel
+ Under Construction & May Require Additional Footage
Composite Components for Deepwater Applications

For deepwater operations, rigid composite production risers {4] and composite drilling risers
[5.6] together with composite choke and kill lines [20] are being developed and qualified in
several joint industry projects. These composite components are now available in standard
offshore dimensions (Figures 1 and 2) and are available for deployment and/or sea trials.
Other new composite components such as the continuous length spoolable composite piping,
tubing and umbilical [21-23] and flexible risers with composite armor layers [24,25] are
emerging and beginning to see active field services. These long length spoolable composite
products represent major advancement made in composite tubular manufacturing and design
concepts and will open new opportunities for more offshore applications [26]. Beside the
components mentioned above, there are other composite components such as the carbon fiber
composite tethers [27] and the composite buoyancy modules [28] that are still in various
stages of research and development. Overall, the effort in the last decade has led to the
development of multiple composite tubular products with high performance capabilities and
the availability of long length manufacturing capabilities to meet the challenge of the oil and

gas industry.
Research and Development Activities

The increased use of offshore composites has also benefited from the results of several
focused research and development programs in offshore composites. Some of the important
research organizations which have contributed to the advancement of composites technology
for the petroleum industry include the Marinetech/Advanced Research Partnership program,
Composites Engineering and Applications Center (University of Houston), Centre for
Composite Materials Engineering (University of Newcastle upon Tyne), Offshore
Technology Research Center (Texas A&M University and University of Texas), and Sintef
Materials Technology (Norway). In addition, the National Institute of Standards and
Technology’s Advanced Technology Program has provided the catalyst for significant
advancements in composite design technology and manufacturing capability and accelerated
the availability of critical technology. These focused research and development programs
together with the various product development activities significantly contributed to the
advancement of offshore composites in the past decade. They also played an essential role to
the increase acceptance of composites by the offshore operations.

Some General Comments on Past Development Efforts

Though corrosion resistance is an attractive feature of composites, it has not been the major
driving force for most of the development efforts in offshore composites in the last decade.
Instead, attention has been focused more on utilizing the weight saving potential of
composites and on developing manufacturing technology for long length tubular to minimize
the need of expensive connectors. The corrosion resistance of composites has generally
been looked upon as a given characteristic of composites.




It is important to point out that the development activities in the last decade were consistent
with the general thinking of the offshore industry [11]. Table 4 (taken from reference 11)
shows that for a tension leg platform (TLP) significant system weight savings (an almost 3 to
1 ratio) can be achieved if composites are used for the platform topside components. Similar
system weight saving leverage can also be obtained if composite risers are used in place of
steel risers. Based on the results of Table 4, the research and development emphasis in the
past decade on platform topside components and on risers and high pressure piping and
tubing were very much on target with the perceived development priority of the offshore
industry. Although the actual system weight savings that can be achieved on a TLP and on
other floating production/drilling systems will depend on the system configuration [29], the
results in Table 4 clearly indicate that judicious selection and use of lightweight offshore
composites can bring significant system weight saving and cost benefits. These benefits have
actually been realized with the use composite topside components in many offshore projects
in the Gulf of Mexico.

Table 4 — TLP System Weight Savings Leverage.

Component | Hull Deck Payload | Riser | Tether Total
(ton) (ton) (ton) (ton) | Pretension | Savings
{ton) (ton)
Hull 1.0 0 0 0 0.32 1.32
Deck 0.47 1.0 0 0 0.47 1.94
Payload 0.72 0.5 1.0 0 0.71 2.93
Riser 0.69 0.5 0 1.0 0.66 2.83

NEAR TERM CHALLENGES FOR OFFSHORE COMPOSITES
Implementation of Advanced Composite Products

The major challenge facing offshore composites in the near term is the implementation of the
advanced composite products that have been developed in the past decade. For example,
consider the rigid composite riser. After years of systematic research, development, and
qualification, composite risers are now available for deployment and/or sea trial. Without a
successful sea trial, it will be difficult to gain general acceptance of composite risers by the
offshore operators. A challenge to field demonstration/deployment of composite risers is the
need for properly developed installation procedures, credible mspection methods, and
operation guidelines for these products. To facilitate general acceptance and successful
deployment of these products, effort must be directed towards addressing these issues in the
short term. A rush to deployment and/or field trial without properly addressing these
concerns could lead to unexpected field failures which could hamper the acceptance of
advanced composites for this and other demanding and critical offshore applications. A
successful field demonstration and/or deployment, on the other hand, will truly demonstrate



the utility, benefits, and cost-effectiveness of these composite products and will stimulate
support of further research and development efforts for new applications.

In addition to properly developed installation procedures, acceptable inspection methods, and
operation guidelines, appropriate industry standards must be developed for these products.
These standards are needed to facilitate type approval of products by regulatory and
certification agencies. However, before sufficient field experience has been accumulated, the
development of an acceptable industry standard for a complex new component such as the
composite riser is a significant challenge and needs to be addressed with careful planning.
Such a standard should be performance based and reflect a thorough understanding of the
current state-of-the-art composites technology. It should not be overly conservative or
restrictive or place unreasonable burdens and requirements and unintentionally discourage
the potential user from electing to use composites. Yet it must not allow unacceptable
compromise on the safety and reliability of the component and its intended application. In
addition, such a standard must be developed in close collaboration with product suppliers,
end users, composites experts, and regulatory and certification agencies that have jurisdiction
over the deployment and use of the component.

Relevant Regulatory Guidelines for Topside Components

To further increase the usage of available composite components for topside applications,
effort is needed to accelerate the development of performance based regulations and
guidelines that are relevant to the offshore industry. The PFMs [16,17] are good examples of
such regulatory guidelines wherein the functional and performance requirements- of a
composite component are explicitly mapped with the service locations on an offshore
facility. Certification agencies must also be involved in the development effort so that
performance based regulations and guidelines will not be interpreted and applied in the same
manner as the tradition prescriptive regulations and guidelines. More focused and
collaborative efforts are needed for the development of relevant regulatory guidelines.

Lower Cost Products

The rapidly changing offshore oil and gas exploration and production scenario together with
cost and performance improvement in conventional metallic components continues to apply
pressure on the cost-effectiveness of composite products.  Design optimization,
manufacturing cost reduction, and improved installation methods still need to be pursued for
composite components to remain cost competitive with the counterpart steel component. A
positive factor for the development of advanced composites is the significant improvement
made during the last decade in reducing the cost of carbon fiber. The lower cost of carbon
fiber should help to reduce the cost of offshore composite components.

POTENTIAL OPPORTUNITIES AND CHALLENGES IN OFFSHORE
COMPOSITES



There are still many challenges and opportunities for expanding the use of composites in the

offshore industry [30]. A recent study conducted by CEAC [31] identified several
promising applications that are of interest to the offshore community. A list of some of the
components that could provide significant enabling capabilities for deepwater applications is
given below. Several of these topics are discussed in the Third International Conference On
Composites Materials for Offshore Operations.

Composite tethers and synthetic mooring ropes
Various composite risers

Thick-walled tubular for ultra high pressure pipeline and flowline
Double-walled insulated subsea pipeline

Long length, large diameter tubulars

Extended reach smart drill pipe

High performance thermoplastic pipe

Platform primary structure

. Process vessels and tanks

10. Buoyancy Modules

11. Metal/composite hybrid structures

1090 SOV L 1

The development and successful deployment of these components will require new creative
thinking and approach. For examples, primary deck structures, drilling derrick, and flare
bloom are some obvious candidates for composites that can bring significant weight saving
benefits [32]. For these components to be acceptable by the offshore operators they will have
to be cost and functionally competitive with existing steel structures and be easily approved
by regulatory agencies. Starting with the objective of achieving easy acceptance by both
offshore operators and regulatory agencies, we must, therefore, question whether the
convention composite design concept, fabrication method, and fire protection schemes are
suitable for these components. New innovative concepts might need to be developed.

Figure 3 shows some common floating systems that are being used for deepwater exploration
and production of oil and gas. Attention has been focused in the past mainly on developing
composite risers and tethers to replace the steel components in these systems. Larger
components like the hulls and pontoons of the TLP and the hull of the Spar has received
limited attention [33]. The perceived obstacles for buoyancy components are their high
manufacturing cost due to their larger size and their relatively low weight saving leverage
potentials (Table 4). However, these components do present major opportunities for offshore
composites. The main challenge is the ability to design and fabricate them cost-effective
without major investment in new manufacturing technology and/or facility. To achieve this
will require new innovative designs and modular construction methods to fabricate and
assemble these components.

As exploration and production of oil and gas move into deeper water, subsea production
systems become economically more attractive. The lightweight, corrosion resistant, and
thermal insulation properties of composites made them attractive for subsea applications.
Beside mud mats and wellhead protective structures, composites are suitable for such
applications as subsea pipeline and flowlines, subsea storage facilities and subsea separation




equipment. These appiications represent significant opportunities for composites. As with
other potential applications, cost-effective solutions are needed for these components to be
attractive to the offshore industry.

There are still many opportunities in offshore composites. To capture these opportunities
will require new creative and innovative design, fabrication, and assembly concepts. We
must, therefore, fully utilize the performance characteristics of composites in the design of
new applications and at the same time minimize the manufactaring cost of offshore
composite components. Improved cooperation across various functional groups in the
offshore industry including material engineers, platform designers and operators, part
fabricators and suppliers, engineering and construction companies and regulatory agencies
are needed. To expand the usage of composites, the objectives of these functional groups
must be properly aligned so as to facility the implementation of new composite components
on offshore facilities. Perhaps the most difficult challenge facing offshore composites is not
only to identify and develop in-house composite champions in the operating companies but
also to identify and develop composite champions in the various functional groups in the oil
and gas industry. Despite a decade of active development and expand usage, there is still a
need for the offshore industry as a whole to acquire a more uniform understanding of the
performance characteristics and capabilities of composites. This need must be addressed in a
timely manner for offshore composites to have a more expanded usage on offshore facilities.
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Figure 1. - Long Length Composite Production Riser Test Sample.
(Photo courtesy of Lincoln Composites)

Figure 2. - Composite Drilling Riser Joint.
(Photo courtesy of Lincoln Composites and Conoco Inc.)
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