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FOREWORD

This project constitutes Phase I of the Contract No. 14-12-0001-30444
entitled "Interference Problems Associated with Risers in Floating
Production Systems". It was performed under Brown & Root U.S.A. Job
Number EF-0405.

Phase I of this project which is reported here was mainly concerned with
understanding of the problem through a review and survey of various
existing floating production systems and their riser arrangement. As a
result, the areas of riser interference potential were identified which
led to the selection of a base case platform for detailed analysis in

future work on this subject. Additionally, recommendation for future

work, detailed plan for carrying out this work, and respective cost
estimate were provided in this phase of the study.

The performance of the project spanned over a period of seven months
starting in November of 1988.
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EXECUTIVE SUMMARY

A Timited study‘ was carried out to investigate the interference
problem associated with the Floating Production Systems (FPS).
Interference, as intended here, occurs when a riser comes into
close contact with another riser or with other components of a
FPS.

It was recognized that the most suitable venue to acquire an
understanding of this problem would be through an indepth survey
and review of the existing floating production systems and their
riser arrangements. The Phase I of the project, which is
reported here, was mainly concerned with understanding of the
problem, identifying most critical areas, and recommendations for
future work.

The general conclusions reached during this study indicated that:

1) The design and operation of FPS for deepwater application is
still in  its infancy. A great deal of challenging
engineering problems need to be solved before stretching the
limits of FPS beyond today’s analytical and technological
capabilities.

2) The risers are one of the most delicate components of a FPS
and need particular attention in design and deployment from
a FPS. '

3) Riser .interference in a FPS may occur and the riser system
in a tension Tleg platform based FPS (TLP-FPS) manifests
greater potential to be involved in an interference event
than other FPS’s. This 1is mainly because of the way the
risers are deployed in a TLP-FPS. This does not necessarily
rule out possibility of riser interference in other FPS’s.
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The potential for riser interference problem may be
increased with increasing water depth.

Study of the consequences of riser interference problems
were beyond the scope of this project but a cursory review
indicated that the consequences may range from a tolerable
contact of risers with each other or other components of a
FPS to severe damage conducive to a failure.

Investigation on the operational and environmental impact of
a failure are recommended for future studies.

Because of the fundamental design difference in FPS’s, it is
difficult to generalize and access the severity of riser
interference. Therefore, each FPS should be investigated

individually in T1light of its design premise and intended

service.

To this date the riser interference potential has been
minimized in the existing FPS by proper spacing of risers.
However, .riser interference potential may increase with
increasing water depth and farther spacing of risers may not
be practical. Therefore riser system for FPS’s destined for
deployment in ultra deep waters deserve careful
consideration 1in their design, analysis, deployment and
operation.

Since riser system in a TLP-FPS shows greater potential to
be involved in an interference event, therefore, it is
recommended that future work on this subject be focused on a
TLP-FPS. Attempts should be made to generalize the
methodology for analyzing and assessing riser interference
problems in FPS’s.
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9) The impact of vortex shedding on the riser interference was
not addressed in this study. Therefore, this subject is
recommended for future work on this project.

10) Because of the common interest of operators on this subject
the future works on this study may be carried out as a Joint

Industry Project.

Introduction

As the search for energy moves into progressively deeper water,
Floating Production Systems (FPS) such as Tension Leg
Platform-based FPS (TLP-FPS), Semisubmersible-based FPS
(SEMI-FPS) and Monohull FPS (Mono-FPS) become increasingly
attractive concepts for offshore operators.

Risers are critical and delicate components of an offshore FPS
and connect the surface facilities to the subsea equipment while
suspended beneath the  FPS. Economic and operational
considerations may dictate that drilling production, and transfer
of production occur simultaneously through various closely spaced
riser types. Several riser arrangements can be . considered
including individual riser arrangement, riser bundles, or hybrid
systems consisting of rigid and flexible risers. Regardless of
the FPS deployed and the riser system configuration used, at any
time an array of risers having distinctly different physical
properties and tension requirements are bound to work
simultaneously. Relative motion among various components of a
FPS may cause interference between risers, between risers and
platform or between risers and mooring lines. Interference, as
intended here, occurs when a riser comes into close contact with
other risers or with other components of a floating production
system. The main cause of interference can be traced to the
environmental Tloads which 1induce relative motion among various
components of a FPS. The consequences of interference may range
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from a simple and tolerable contact of risers with each other,
hull or mooring to severe damage conducive to a failure. Because
of fundamental differences in the design of various FPS’s it is
difficult to generalize and assess the severity of the
interference problem. Therefore, each FPS should be evaluated in
light of its design premise and intended mission in order to
assess the existence or lack of riser interference.

To reduce the floating production platform size and cost, the

usual approach 1is to minimize the space between risers and

structure. However, this spacing cannot be specified arbitrarily
and special considerations must be given to this problem.

To avert riser interference, the temptation is to increase the
riser top tension. It is important to note that the spacing
between risers, risers and hull, or risers and mooring system or
risers top tension may not be changed arbitrarily without causing
new problems. A wide riser spacing will result in a large
fire-restricted platform area. Furthermore, it may impose
restrictions on hull design such as not permitting any primary
bracing members in a Tlarge central area of the platform
structure. The riser top tension is a weight burden as far as
the FPS 1is concerned and top tension cannot be increased
indiscriminately without careful consideration. Another
important factor, which must be considered, is the effect of
water depth on spacing requirements.

Scope of Work

The objective of this project was a critical study of the
interference problem involving risers, production platform
structure and mooring system. To this end, the project was
divided into two distinct phases. The Phase I of the project
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which is reported here was mainly concerned with understanding of
the problem of riser interference. To accomplish this, the
following tasks were identified and carried out:

) Review of Floating Production Systems

0 Review of Floating Production System Risers

0 Identification of Riser Interference problems in Floating
Production Systems

0 Identification of a base case platforms to be the subject of
detailed analysis

0 Recommendation for future works and development of a plan
for carrying out these works

The content of this report represents the results of the Phase I
of this project and provides an understanding of riser
interference problem through an in-depth review of existing
floating production platforms and their riser systems. The areas
where riser interference are of critical concern were
identified. Based on these findings, recommendations for future
work is presented which suggests to focus the attention on these
critical areas of riser interference so that a comprehensive
analytical methodology can be developed. The following sections
summarize the review conducted during Phase I and present a plan
for carrying out the recommended future works.

Floating Production System Review

A general vreview of floating production systems was performed.
The review addressed semisubmersible based FPS and tension leg
platform (TLP) FPS. Other types of FPS, such as tanker or barge
supported systems, were not included in the review due to budget
constraints and the perceived lower risk of riser interference.
The topics addressed in the FPS review include field development
scenarios, alternative completion methods, and subsea template
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configurations. Throughout the review of the FPS, the role of
the production riser was addressed.

The simplified flow chart shown in Figure 1.3-1 summarizes the
various field development scenarios. This flow chart identifies
some of the key decisions which influence the final selection of
the platform to produce the reservoir.

The three alternative completion methods which were reviewed are
surface trees, subsea trees with individual flowlines to the
surface, and subsea trees with commingled production. The
completion method 1is a prime factor in the selection of a riser
system for a FPS. Figure 1.3-2 schematically illustrates the
three completion methods reviewed in this report. The review of
the subsea template configurations presented typical arrangements
which are used with the three different completion methods.

A brief synopsis of nine floating production systems was
presented. The review ranged from the Argyll Field, which was
the first FPS, to the Jolliet TLP, which was installed in 1989 in
1,760 ft. of water and represents the state of the art in FPS
technology. - The following FPS were reviewed:

Semisubmersible FPS

Argyll
Buchan
Casablanca
Dorada
Enchova
Balmoral
Placid

Tension Leq Platform FPS
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Hutton
Jolliet

Review of Production Risers

A separate section of the }eport was dedicated to the review of
FPS riser systems. For semisubmersible FPS, two types of risers
are used; rigid steel, and flexible. The rigid riser systems can
be either integral or non integral. Integral risers are
typically selected for subsea commingled production, whereas non
integral risers are generally applicable for non commingled
production subsea production systems. Flexible risers have been
used in a variety of configurations and applications. Their use
may range from a simple satellite well extension to a full
fledged flexible riser system, including production riser,
injection risers, and export risers.

The review of the TLP riser systems was limited to existing
tieback production riser technology, where all trees are located
on the platform. Locating the trees on the platform requires an
individual flowpath, 1in the form of a tieback riser, for every
well. For large fields, there may be as many as 60 wells, each
requiring a separate tieback riser. The well spacing and riser
top tension has a significant impact on the platform size.

Riser Interference

The areas where riser interference are of concern were
identified. The possible types of riser interference were
divided into three categories; riser to riser, riser to hull, and
riser to mooring line or TLP tendon. Two of the principle modes
of operation which were considered are the installation mode
(running/retrieval) and inplace during an extreme event storm.
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The potential for the various types of riser interference were
assessed for each riser system reviewed. The assessment was
based on a coarse qualitative review and was performed so that
the critical areas could be identified for further
investigation. The potentials are summarized in Tables 1.5-1 and
1.5-2. Even though the ratings are relative nevertheless the
results point to the higher interference potential associated
with TLP riser systems. While riser interference in a SEMI-FPS
is a design consideration, the solutions to overcome interference
are more straightforward. The solutions for riser to riser
interference in a TLP based system are not well defined,
especially for increased water depths. A total system design
effort is required to ensure riser clearance.

Riser interference in a TLP is not an isolated problem. Because
of the highly interactive nature of various TLP parameters, the

well bay system and riser top tension cannot be increased

indiscriminately until sufficient clearance is obtained.
Increasing these two <critical parameters, however, has a
significant impact on the total system design.

Recommendations for Future Work

The results of the study in the Phase I of the project clearly
indicated that the potential for riser interference is of greater
importance in a TLP-FPS than in a SEMI-FPS. Therefore, the
recommendations for future work 1is to focus the attention to
assessment of riser interference/clearance in a tension Tleg
p1atf0Ym. A detailed plan for carrying out this recommended
future work 1is presented in this report. The Scope of Work can
be summarized in the following tasks:

1) Establish a base case TLP.




RIGID RISER SYSTEMS

TYPE RISER TO RISER TO RISER TO
MODE RISER HULL MOORING
RUNNING / LOW LOW N/A
RETRIEVAL .
IN—PLACE
MAX. STORM N/A N/A N/A

FLEXIBLE RISER SYSTEMS

TYPE RISER TO RISER TO RISER TO
MODE RISER HULL MOORING
RUNNING/ LOW LOW LOW
RETRIEVAL
IN—PLACE '
MAX. STORM MEDIUM MEDIUM LOW

RISER INTERFERENCE POTENTIAL

SEMI-SUBMERSIBLE BASED RISER SYSTEMS

TABLE 1.5-1




RIGID EXPORT RISERS

TYPE
MODE ™~

RISER TO
RISER

RISER TO
HULL

RISER TO
TENDON

RUNNING/
RETRIEVAL

HIGH

LOW

N/A

IN—-PLACE
MAX. STORM

N/A

FLEXIBLE EXPORT RISERS

TYPE
MODE

RISER TO
RISER

RISER TO
HULL

RISER TO
TENDON

RUNNING/
RETRIEVAL

HIGH

LOW

LOW

IN—PLACE
MAX. STORM

MEDIUM

MEDIUM

RISER INTERFERENCE POTENTIAL
TLP BASED RISER SYSTEMS

TABLE 1.5-2
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2)

3)

4)

Develop a methodology for the detailed analysis and

assessment of the interference/clearance of risers for the
base case TLP.

Apply the methodology to the base case TLP and report the
results.

Expand and generalize the methodology to be applicable to
other TLP configurations.
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INTRODUCTION

A successful offshore hydrocarbon field can be only one which
generates both an acceptable level of recovery from the resource,
determined with certainty, using current reservoir assessment
techniques, and a satisfactory real rate of return of the
developer’s capital outlay.

In looking at future engineering pertaining to offshore o0il and
gas development, the world oil picture has to be considered.
Predicting future o0i1 and gas demands is difficult, but highly
regarded views show the demand continuing to be fairly flat until
the end of the century. Even the most optimistic views do not
see it rising dramatically. Despite this, to meet the forward
demand for oil and gas, production will be necessary from many
fields yet to be discovered. It is expected that production from
existing fields will drop significantly by the end of the
century, and even to meet the fairly flat demand perceived, this
drop in production will have to be produced from new fields. It
js forecast [1] that a substantial portion of this oil will come
from offshore developments. A relatively small contribution is
expected to come from enhanced recovery methods.

The pattern of new oil field discoveries, in terms of size, and
offshore, in water depth 1is of substantial significance.
Fifty-one percent of the world’s known oil demand is contained in
only 21 fields though over 30,000 fields are known. The chances
of finding super giants in the future appear small. Due to the

associated increased development costs as the water depth

increases the term "small" or "marginal" takes on a varying
parameter. Figure 2.1-1 graphically illustrates the relationship
of vreservoir size and water depth for marginal fields. These and
other factors point towards developing solutions to address
smaller fields that have to be produced more economically to
justify a commercially viable venture [2]. Floating production
systems present one economic and technically viable alternative.
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They are becoming increasingly attractive as ways of exploiting
offshore fields [3], [4].

Relative motion among various components of a FPS may cause
interference between risers, between risers and platform or
between risers and mooring lines. The interference, as intended
here, is when a riser comes in close contact with other risers or
other components of a FPS. The degree of severity and the
consequences of riser interference is not well known. Therefore,
the present study was undertaken to grasp an understanding of
this problem through an in-depth review of the existing floating
production systems.

The contents of this report represents the results of this review
and provides recommendations for further work in order to enable
a critical assessment of the interference problem associated with
risers in FPS’s.

The report consists of eight sections and an appendix.
A brief outline of the report is given below:

The Executive Summary, presented in Section 1.0, contains an
overall outline of the most meaningful conclusions reached during
this Phase of the study.

Section 3.0 is concerned with a general review of the Floating
Production Systems (FPS). This review introduces the reader to
the philosophy involved in deployment of the floating production
systems. Various field development scenarios and factors
governing the selection of a FPS along with alternative
completion systems are discussed briefly. Then the attention is
focused on the semisubmersible based and TLP based floating
production systems since they vrepresent the greatest potential
for a riser interference problem.
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Section 4.0 deals with the riser systems used in the floating

production systems. It starts with a Tliterature survey and
subsequently details various types and components of the
customary riser systems used in the floating production systems.

Section 5.0 is the backbone of the report and deals in
substantial detail with risers. It outlines major areas of
concern, assesses the riser interference potential for
semisubmersible and TLP based floating production systems,
defines system designs consideration, illustrates an interference
analysis methodology, and finally introduces new concepts that
have been developed to avert interference problems.

Section 6.0 describes 1in detail the proposed Phase II study. A
scope of work is presented which includes specific tasks along
with required manhour and cost estimates to carry out the Phase
IT of this project.

Section 7.0 outlines some concluding remarks regarding present
work and the proposed Phase II of the project. Section 8.0 is
the reference 1list.

The Appendix contains abstracts from the literature search which
was performed as part of this study.
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GENERAL REVIEW OF FPS

The generic term "floating production system" covers a variety of
concepts. The basic "floating production system" as intended
here consists of a floating vessel, either moored or dynamically
positioned, with production facilities included on or in the
vessel, subsea wellheads, production risers, and a storage or
transportation system. Not all floating production systems
always include each of these primary components. Therefore, with
this definition the term "floating production system" can be
applied to tension leg platform (TLP), semisubmersible (SEMI), or
mono hull (MONO) barge or tanker based system.

For the purpose of this study, the review of the floating
production system is restricted to (SEMI-FPS) and (TLP-FPS).

SEMI-FPS

Drilling rigs are most commonly considered for conversion to a
production vessel, as shown in Figure 3.1-1. Surplus or stacked
drilling or offshore construction semis can be converted to
production platforms. When offshore activity is high, or when
high storage or production rates are required, purpose-built

vessels are necessary. Steel vessels are normally prepared,

though concrete vessels represents an additional design option.
The vessel may be dynamically positioned (DP) and kept on
location by computer-controlled thrusters. In most situations
economic considerations dictate that the vessel be held on
station by a catenary wire rope/chain mooring system that employs
pile anchors for a Tlong-term installation. DP/mooring
combinations can also be considered where the DP system could be
used to offset the mean environmental forces.




pACILITIES
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l STORACE TANKER

FRODUCTION RISTR

SATELLITE
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SEMI SUBMERSIBLE PRODUCTION SYSTEM (CONVERSION)

FIGURE 3.1-1
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To accommodate the relatively large motion of a catenary moored
vessel, without requiring complex riser systems between the sea
floor and the vessel, wells are completed on the‘sea floor either
as individual satellite wells, or through a drilling template in

clusters. Generally, clustered wells minimize the flowlines
required. Satellite wells are used for developing shallow or
irregularly shaped reservoirs. Unless only a few wells are

involved, a manifold on the sea floor directly below the vessel
is often used to 1imit the number of risers.

0i1 flows from the wells to processing facilities on the floating
vessel either directly up the production riser, or to a manifold
and then up a commingled riser. O0il from satellite wells flows
through flowlines to the riser or to the manifold base and then
up the riser.

A conventional semisubmersible drilling rig has tankage onboard
that is normally used for operating supplies. Several companies
have suggested that this storage capacity be utilized to smooth
production operations. Using normal marine operating procedures,
that tankage can store about 25,000 barrels of oil. In addition,
part of the ballast tanks for the vessel can also be used for oil
storage, providing an additional 5,000 to 10,000 barrels of
capacity. Using these tanks requires installation of dirty water
handiing equipment and use of special precautions to assure
vessel safety.

For a high production rate field (as opposed to a marginal one),
using onboard storage does not appear worthwhile unless a very
large purpose-built semisubmersible is used. Onboard storage
holds only a few hours of production. Substantial storage is a
requirement when the method of product export does not utilize
pipelines. A larger storage capacity on semisubmersible hulls
contradicts the small water plane area principle utilized in
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developing the hull configuration. This frequently becomes cost
ineffective when compared to other means of storage available. A
separate storage system often becomes more desirable to avoid
shut-ins during periods of bad weather.

Wells completed beneath the FPS are maintained from the vessel.
In some cases production from the field has to be shut-in during
major well workovers because of the difficulty of installing a
workover vriser with the production riser in place. Wells
completed on the sea floor away from the FPS are maintained by
TFL from the FPS or from a separate floating drilling rig.

A converted drilling semisubmersible system can be used in water
depths from about 200 ft. to 1,500 ft. The lower limit is set by
the mooring system which must be rigid enough to hold the vessel
to within an acceptable excursion and have sufficient elasticity
for the design storm. Economic considerations control the upper
depth Timit. The deeper the water, the heavier the production
riser and mooring system become. Thus, as water depth increases
the process facilities and storage that can be provided on a
specific vessel decrease. A medium to Targe semisubmersible
drilling rig can support facilities to process about 75,000 BPD
of o0il 1in water depths of 1,000 ft. in a rough weather area. A
larger drilling rig could probably support facilities for 100,000
BPD. A Tlarge purpose-designed semisubmersible could handle
larger production rates. One such design, for harsh environments
and 3,000 ft. water depths application has been developed by
Brown & Root 1is shown in Figures 3.1-2 and 3.1-3. The topside
facilities weight 1is about 14,000 Tlong tons and there is a
200,000 bbl crude storage capacity.

Another Brown & Root design for the North Sea, with a unique
construction concept is shown in Figure 3.1-4. This permits
separate cost-effective exploitation of shipbuilding and offshore
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HIGHLANDER 6000

TYPICAL WATER INJECTION

TYPICAL PRODUCTION WELLHEAD TEMPLATE

WELLHEAD TEMPLATE

0
o

WATER INJECTION
MANFOLD TEMPLATE

WELLHEAD TEMPLATE

* FIGURE 3.1-4
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0il and gas construction expertise and mating the two towards
final completion in a relatively short schedule.

Weather downtime is a consideration in the design of a
semisubmersible system. Unlike a tension leg platform, a spread
moored semisubmersible will pitch, roll, and heave in
short-period motion almost as if it were free floating. Process
facilities and production risers must, therefore, be designed to
operate with a maximum of vessel motion to minimize downtime
during rough weather.

Process facilities can be designed to be relatively insensitive
to motion. "Fluid packed" vessels (those that operate full of
fluid) can be wused where possible. Separator vessels can be
equipped with internal baffling to reduce internal fluid motion,
and preferably be placed near midships. These features permit
the process operations to continue in more severe weather than
other parts of the system such as the shuttle tanker berthing. .

The production riser is designed to operate in as severe weather
as 1is practical. The exact weather limits will depend heavily on

the motion behavior of the specific vessel and riser system

used. In severe weather the riser can be disconnected at the
seafloor and hung off. Should the weather continue to intensify,
the riser can be pulled onboard and, therefore, it must be
designed to be safely pulled in rough weather. This permits the
decision to pull the riser to be delayed until accurate forecasts
indicate that the weather will be severe enough to warrant
pulling. Hence, operating risks and weather downtime, due to
unnecessary pulling of the riser, are reduced. Because
operations personnel traditionally shut-in production and secure
the facilities for extreme weather, riser equipment Timitations
may not cause weather downtime in future installations.
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Various riser systems for FPS’s are discussed in detail in
Section 4.0 of this report. Several figures of various riser
types are also included in this section. Howéver, in the
following paragraphs a brief description of various riser types
for FPS’s is given for the sake of establishing the terminology
used in the review.

Two types of riser system have been developed for use with
floating production systems. The first is a rigid riser which
consists primarily of bundled drill pipe joints. This system has
been wused successfully in the North Sea. A flexible joint at the
base accommodates horizontal motion, while tensioners at the top
allow for heave motion and hold up the riser to control
buckling. The tensioners must have enough stroke to accommodate
the maximum vessel heave. This system requires a dedicated drill
derrick to handle it.

The alternative is a flexible catenary riser system which has
been used successfully for applications in Brazil and the
Mediterranean. This system does not require a drill rig or
tensioners.

For multi-well applications in deep water and harsh environments,
a combination of these technologies has been used wherein a rigid
riser system would extend from the subsea template to a
subsurface buoy. Flexible catenary risers connect the buoy to
the floating production vessel. Attachment points are either at
the pontoons or at the deck level. The Tower section of these
risers is intended to vremain in place should the vessel leave
location. This type of system does not appear applicable in
iceberg prone areas, since special provisions have to be made to

detach or otherwise protect the lower riser section form iceberg

impact.
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Risers operating in iceberg infested waters normally are designed
to detach at the sea floor when moving the rig off to avoid
damage by icebergs.

Because of their similarity to drilling rig operations,
semisubmersible production systems are considered proven (but not
necessarily economical) for water depths where drilling can be
conducted from a moored vessel. Moored drilling rigs have been
operated in water depths of 1,200 ft. in the North Sea and at

depths of 3,400 ft. in mild weather areas.

TLP-FPS

Mercier et al. [5] describe the tension leg platform (TLP) as a
floating structure connected to anchors fixed in the seabed by
vertical mooring 1lines (tension Tlegs) at each corner of the
platform (Figure 3.2-1). These vertical mooring lines virtually
eliminate the vertical plane motions of heave, pitch and roll,

while the 1lateral movements in surge, sway, and yaw are

compliantly restrained. Buoyancy 1is provided by the vertical
columns and the horizontal pontoons connecting the bottoms of
these columns. An excess of buoyancy greater than the platform
weight keeps the mooring lines in tension for all weather and all
loading conditions. Column height is sufficient to support the
deck above the wave crest elevations for all tide and wave
conditions when the TLP is fixed to the seabed foundations by the
tension legs.

In the early days of the TLP conceptual development most drillers
and o0il and gas production engineers considered the TLP as a
logical extension of semisubmersible rigs. Accordingly,
conceptual systems were developed on the basis of the existing
semisubmersible design technology. However, while a TLP is
indeed highly compliant in the surge, sway, and yaw directions




FIGURE 3.2-1
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(periods over 100 seconds), it is virtually fixed against pitch,
roll and heave motions (periods 1less than 5 seconds). These
motion restrictions result  in fundamental differences between a
TLP and a semisubmersible platform.

The tension 1leg platform family encompasses several different
designs, e.g. vertically moored platform (VMP), tethered
production platform (TPP), and tethered buoyant platform (TBP),
etc. Various designs include numerous alternative solutions.
For example, the TLP could be anchored by a gravity base, driven
piles, or drilled and grouted piles. However, all TLP designs
have been developed on the basis of a vertical mooring system
under pretension due to excess buoyancy. The term TLP is used in
this review in a general sense without reference to any specific
design.

Today the TLP concept is a technological reality and appears to
be one of the most promising platform configurations for deeper
waters.

The first tension leg platform was installed in the summer of
1984 for CONOCO’s Hutton Field, in 490 feet of water. (See
Figure 3.2-2.) '

The Conoco’s Tension Leg Wellhead Platform (TLWP) was installed
in 1,760 feet of water in the Gulf of Mexico in 1989.

Field Development Scenarios

The specifics of a particular offshore field greatly influence
it’s development. The type of field development scenarios for

floating production systems are governed by the following

factors:
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Reservoir Size and Conditions

The reservoir characteristics affect a field development
scheme by requiring the candidate production scheme to
provide the reach to the extent of the reservoir and the
capability to provide any secondary recovery services that
might be required to produce the specific reservoir. The
boundaries and drive mechanisms of the reservoir will
determine whether development can be accomplished from one
location or multiple Tlocations. The requirement for gas
1ift, water or gas injection 'wi11 define the type of
facilities that may be involved in the field development.

Crude Characteristics
The crude produced from the reservoir affect the size,

number and type of production facilities. Flow rate defines
the size of facilities. Gas/0il Ratio (GOR) dictates the

gas handling requirements. Special characteristics such as

hydrogen sulfide may impose special process and/or material
requirements.

Field Economics

Short term cash considerations and 1long term production
considerations influence the tendency to adopt a production
scheme more temporary in concept or of a more permanent
nature.

Environmental Conditions
Ability to produce in the environmental conditions

encountered offshore is one of the main factors in the
decision of the type of field development scheme to select.
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Although sometimes downtime may be allowed in floating
production systems generally a candidate system must operate
in the most severe conditions to be encountered at the site.

Water Depth

The preference for a fixed platform makes water depth a main
factor 1in the selection of a production system. For the
particular situation under consideration the economics may
favor using a floating system.

Existing Potential Production Vessels

The availability of an existing floating platform (e.g. - a
semisubmersible drilling rig) verses a new - build platform
(e.g. - a tension leg platform) may influence the production
system development.

Existing Export Infrastructure

The proximity of existing platforms and pipelines greatly
affects the selected production system. The distance and
capacity of these systems may greatly contribute to the
decision concerning production systems.

Drilling and Maintenance

If the drilling program for a field is accelerated the plans
for development will be made around the drilling
activities. As drilling is a major cost activity, the
emphasis is on the provision for this item. Pre-drilling of
the wells while the floating production system is being
designed and fabricated 1is one of the first major decision

- points in field development.



Usually one of the 1last considerations in the field

development process is maintenance. However, this becomes
one of the driving factors in the field development process
for floating production systems. Well access and
maintenance may be the basis for selecting the final
configuration.

Floating production are becoming increasingly attractive as ways
of exploiting offshore fields due to the following factors:

Overall economics for selected applications when compared to
conventional facilities.

Mobility and reusability of the systems, from a risk
viewpoint, as applied to:

Reservoirs with high risk expectations
Early/Interim (temporary) production
Extended well testing
Politically unstable geographic areas
Reservoirs with marginal reserves
Deepwater developments

Offshore tracts that do not have an existing pipeline
infrastructure in the vicinity.

Depressed maritime markets offering relatively Tlow cost
constructed or converted floating platforms due to:

- A depressed ship building industry worldwide

- A Tlarge over supply of tankers and to some extent
drilling rigs

3RISER
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Reduced early capital investment, with available leasing
options.

Reduced lag time from discovery to first production.
Relative insensitivity of capital cost to water depths.

Figure 3.3-1 demonstrates a simplified 1logic diagram of the
considerations that would be involved in the selection of a field
development scheme. A consideration of all of these factors
usually leads to a floating production system of one of the
following types:

Mono-hull (MONO) barge or tanker based Floating Production,
Storage, and Offloading (FPSO)

A (MONO-FPS) system usually consist of some subsea wells, a
tanker loading buoy or mooring, and a tanker for storage.
Some provision is made for offloading and gas handling. 1In
any environmental conditions other than extremely mild, the
tanker must be allowed to "weather-vane" around the
mooring. This requires a production swivel. The necessity
for a high pressure multi-path production swivel restricts
the number of wells that can be accommodated by the
tanker-based system. Tanker-based systems are usually
employed for remote small-reservoir locations.

SEMI-FPS

In order to accommodate more severe weather conditions,
semisubmersible drilling vessels have been used to support
production operations. The system usually consist of subsea
wells, vessel, and export capabilities (riser/pipeline to
loading buoy or other production facility). The limits of
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the production capacity of the system are the risers and the
weight carrying capability of the vessel. Existing vessels
can be converted to production use or "new-build"
semisubmersibles specially designed for production
applications have also been used. The stability and
deepwater capability of the semisubmersible make it an
attractive option for development.

0 TLP-FPS

The Tension Leg Platform (TLP) is a special designed
semisubmersible vessel that wutilizes vertically tensioned
elements for it’s mooring. It wusually finds it’s
application in large fields and deeper waters.

Alternative Completion Systems

The development of the subsea completion is the primary reason
for the evolution of floating production. The installation of
the production wellhead on the seabed allows motion of the
floating vessel to be isolated from the high pressure production
wellhead. The differences in motion due to environmental

“conditions can be accommodated by special designed components

(i.e. risers).

The subsea completions are divided into two general categories;
non-commingled and commingled. Non-commingled completions are
configured for a single flow path from the wellhead to the point
of first separation. For a floating production application this
means a separate riser pipe for each well. Commingled production
involves manifolding the production from each well on the
seabed. This allows one riser to carry the flow to the surface
for treatment.
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In the non-commingled arrangement the wells are completed at the
seabed using subsea trees. Production would be routed through
the wing valve of the subsea tree and into dedicated piping on
the template. In this case each well would have an individual
production flowline plus an annulus line which would be connected
to a bundled production riser through the piping on the
template. These systems are demonstrated schematically in Figure
3.4-1.

The wells for comming]ed-pfoduction are completed on the seabed
with subsea trees. However, this involves a different subsea
tree arrangement. The tree for commingled production service
will be equipped with a retrievable subsea remotely operated
choke. The production from this tree will flow into a common
production header rather than having its own individual flowline.

Each subsea tree on the template will be fitted with a remotely
operated choke to regulate the flow from the well into the
production header. The tree will also have an annulus access
line and a test and ki1l Tine. These Tines will be connected to
the manifold piping on the subsea template. The header along
with an annulus access header and test and kill header are routed
to a riser base located on each end of the temp]ate;

The exception to this arrangement involves a TLP. The TLP allows
the completion to be brought to surface due to it’s limited
motions. The wellheads are on the deck on the TLP via it’s own
individual vriser. The risers are tensioned in order to maintain
acceptable stresses. Having on-the-surface access to the well
needs to be traded-off against the multiplicity of risers.

One significant advantage to the individual riser tieback
completion 1is the ability to pre-drill some or all of the wells.
This allows for some production soon after the complete subsea
template and the TLP have been installed.
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Subsea Template Confiqurations

The subsea template structure serves as a collection point for
the flow from all the subsea wells and as a base for the
connection of the riser to the surface vessel. Existing systems
generally consist of a tubular structure piled to the seabed.

The subsea template serves three functions:

0 Guide/support for drilling/completion activities
0 Pipeline/riser interface and support
0 Foundation for TLP-FPS Mooring Tendons

The template will therefore be configured to the degree it is
required to incorporate these three functions.

The template contains well slots for the production wells. These
well slots must contain the receptacles and structure to receive
and support the wellheads in the case of a subsea well or the
tieback hardware 1in the case of a TLP with surface wellheads. A
typical layout is shown in Figure 3.5-1.

The size of the template is primarily dictated by the minimum
spacing requirements between wells. The considerations for well
spacing are clearance between adjacent wells when landing a Tower
marine riser package and recognizing the potential for
interference between the individual tieback risers and the
drilling or workover riser.

For floating production systems with vertically tensioned risers
and pipeline connections, the template will contain the structure
and the mechanical hardware to support and accommodate these
connections. The template must, therefore, be designed for the
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loads and clearance that these items require. Figure 3.5-2 shows

a template for a non-commingled completion system and Figure
3.5-3 show a commingled system template.

The multi-well template will be used as a drilling guide to
pre—dri11 some of the wells prior to installing the TLP. Once
the TLP is in place, the pre-drilled wells will be tied back to
the surface through an individual riser for each well and
completed. The remaining wells will then be drilled from the TLP
and tied back to the surface.

The template will also contain bi]e bays to guide and support the
piling necessary to secure the template to the seabed and to act
as an anchor for the TLP tendons. The piling will more than
likely be 1large diameter and require a large space within the
configurations of a template.

Existing {SEMI-FPS) Review

Eight existing semisubmersible floating production systems
(SEMI-FPS) have been reviewed and are listed in Table 3.6-1. All
are vessel conversions except the Sun’s Balmoral field which is a
purpose - designed G.V.A. 5000 rig.

Argyll

The Argyll system (Figure 3.6-1) was the first floating
production system installed in the North Sea when production
started in June, 1975 [6]. As such it represents a first
generation floating production system using a semisubmersible and
is therefore of a fairly crude, simple design.
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TRANSWORLD RIG 58 .
, SEMI-SUBMERSIBLE

ARGYLL

FIGURE 3.6-1
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The decision to use this system was taken when construction of
the steel jacket initially selected for Argyll ran into large
cost overruns and schedule delays. It later became the means for
developing the complete field.

The field reserves have proved to be larger than expected and the
operator has maintained an extensive drilling program so that new
wells are put on stream as others are depleted.

The floating production vessel was converted from the drilling
rig Transworld 58 into a floating production facility. Some of
the drilling equipment remained but drilling capability no longer
exists. A1l available deck space is used for production
equipment.

The system currently consists of six satellite wells tied into a
central manifold on a mass anchor, pinned to the seafloor by a
single pin pile. The original manifold has been replaced by a
new version following the appearance of a crack in the export
Tine. Some modifications were incorporated into the new manifold
including a ring main to enable switching of individual wells to
various service risers and other refinements mainly aimed at
making work easier for the divers.

The nonintegral rigid riser system [7] [8] consists of eight
4-inch flowlines around the 10-inch export line. However, only
seven risers are used for production, as the eighth is needed to
purge the lines with seawater prior to pulling the riser. It has
proved necessary to pull the riser 2-3 times per year on account
of weather, an operation that now takes 6-8 hours.

The riser is supported at the surface by constant tension. Riser
tensioners tension both the 10-inch central riser column and the
individual 4-inch flowline risers. Tensioners were selected to
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run continuously at about 50% design rating with a 10-ft. maximum
rig heave when the riser is connected. Individual rotary hoses
are used to connect the moving riser head and fixed flanges of
the pipe work on deck.

Much data has been published on the system downtime, particularly
in the early years of production. It would appear that the
primary cause of weather downtime is due to the loading buoy and
not the production riser, as the tanker must usually leave the
buoy long before the riser is pulled.

Buchan

The Buchan Field (Figure 3.6-2) is an example of the development
of a marginal field using a floating system to achieve a lower
capital investment and earlier cash flow.

In comparison to Argyll, Buchan is a considerably more complex
system. In 1its design and construction it has drawn heavily on
the experience gained in the Argyll field.

Considerable delays in the project occurred in the drilling and,
most significantly, in the conversion of the semisubmersible.
B.P. has commented that, were they to repeat the project, they
would opt for a purpose built vessel rather than a conversion.
Nevertheless, the development has been pronounced an economic
success despite a production delay of 20 months.

The rig is owned by the Buchan consortium, a joint venture set up
for the project, and operated by B.P. Petroleum Development
(UK). It should be noted that there is a rather different
operational philosophy between BP and Hamilton Brothers in the
Argyll field. For instance, BP maintains a production crew of
some 78 people, whereas Hamilton Brother require only 30-40.
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The floating production vessel was converted from a Drilimaster
semisubmersible. The conversion was performed in a remote
location in the Shetland Islands and as a result labor costs for
the actual conversions were probably higher than normal rates.

New crew accommodation had to be added to the vessel plus
provisions for gas 1ift and storage for some 4,000 bbls of oil.
In practice, this storage has not been used, as it cannot support
production, even during the 3-4 hours required to change tankers
at the 1loading buoy. The vessel wuses its original diesel
generators for power, and all gas produced is flared.

The vessel is certified by Lloyds and has undergone rigorous
structural checks as a result of the failure of the Alexander
Kielland, which was a similar design.

The system consists of the following components:

- Four (4) satellite subsea trees.

- Four (4) steel flowlines connecting the satellite trees to
subsea template.

- One (1) subsea template with four (4) subsea wells.

- One (1) non-integral riser to semisubmersible with
tensioning system.

- Semisubmersible with process equipment for 72,000 barrels
per day.

- Export Tine to CALM loading buoy PLEM.

- One (1) CALM loading buoy with six point mooring system.

The riser is one of the most sophisticated yet constructed and
has resulted in a very cluttered moonpool. As a result, a
shutdown of the template wells 1is required during workovers,
although it was originally intended to continue production when
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the system was designed. The outer production risers are
normally pulled when the vessel heave is 3 m, an operation that
has taken about 12 hours. Disconnection of the export risers at
5 m heave takes a further 16 hours. The inability to reconnect
until the vessel heave has reduced to 0.5 m has resulted in
considerable downtime.

Another major source of downtime is the loading buoy. Production
is stopped at a hawser tension of 75 tonnes, the hose is
disconnected at 80-85 tonnes and the tanker leaves at 100
tonnes. it should be noted that the loading operation at the SPM
is often the 1limiting production factor, and production is
therefore stopped before other factors, such as vessel motions,
become a problem.

Performance for the Buchan buoy has been 60-65% of the time when
the system was operational. Studies haVe indicated that these
figures were typical of what might be expected and that a tower
might achieve 71% compared to 65% for a CALM buoy. BP has also
investigated upgrading the buoy to accept a mooring load of 180
tonnes, compared to the 120 tonne design criteria, which
represents a major design change. It has been conciuded that
this would only increase productivity by two to three percent.

Casablanca

The floating production system used on the Casablanca development
(Figure . 3.6-3) by the operator ENIEPSA consisted of an early
production system from two wells which were eventually to become
satellites to a fixed platform. These satellites were required
since, even with the highly deviated wells wused, it was not
possible to develop the entire field from one location.
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The original wells were drilled by the semisubmersible, "Bideford
Dolphin". This rig was equipped with Timited process facilities
rented from Flopetrol and carried out the initial testing of the
wells. It was then replaced by the Afortunada rig, owned by the
Casablanca group, and the rented equipment was transferred.

The two wells CAlA and CA6, are currently producing 16,000
bbls/day to a fixed platform installed in 1982. The Afortunada
was demobilized and was put up for sale.

It should be noted that the floating system was used as a
temporary measure only, to generate revenue during the main
development construction. As a result, the system was kept as
simple as possible and made use of some facilities provided for
the main development such as the pipeline to shore, which could
probably not have been justified for the floating production
wells alone.

The subsea system consists of Regan, diverless trees which
incorporates a heat exchanger to cool the oil from 300°F to

200°F to prevent damage to the Coflexip risers. The risers are

free-hanging without pretension with enough slack to allow the
rig to position over either well with the other still in
production.

The process equipment consists of a simple two stage, three phase
separation system at 80 psi and 8 psi respectively. Water is
passed through a skimmer and dumped overboard with a target oil
content of 20-30 ppm. All gas is flared at the rate of 1 mcfpd
as it was not considered practical to use it for power generation
for the short 1ife of the early production. The control lines
consists of hydraulic line bundles, two for well CA6 and one for
well CAlA.




3.6.4

3RISER

In contrast to a number of developments no problem was
experienced with deck space on the Afortunada with ample room

‘available for the equipment required.

The support operation is run by the same base as for the Dorada
field and shares the same supply boat. A standby vessel is used

.

with capabilities for pollution control.
Dorada

The Dorada field (Figure 3.6-4) 1is a small reservoir that has
been developed by conversion of the original Sedco drilling rig.
Due to the reservoir size and geology a fixed platform was not
justified and it was decided by the operator ENIEPSA to use a
floating production system. A semisubmersible was chosen to
provide access to the wells for workover during production.

The original production took the form of an extended well test
and the minimum equipment necessary was installed on the semi in
approximately 45 days. One year later the system was revamped to
increase the production capacity to 20,000 bbl/day, an operation
that took approximately two months. In view of the field life,
it was decided to rent the process equipment. However, the
operators indicated that had the field reserves been better known
at the start of the development it would have been preferable to
purchase the equipment.

The subsea trees are Regan, 5000 psi units which produce through
the steel risers via a flex joint up to the mezzanine deck
level. Here they are manifolded and passed through a heater to
raise the temperature from 40° to 70°. Emulsifier,
bactericide and an anti-foamer are also added at this stage. The
0oil 1is first heated and then passed through two, three phase
separators, one at 120 psi and the other at near atmospheric
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pressure. It is then metered and pumped to shore. Water is

passed through a skimmer and then dumped overboard with a target
0i1 Tlevel of 20-30 ppm. Gas is passed through a condenser and
then mostly flared with some supplying the heater. All the
equipment 1is designed for use with H)S.  The HpS content at
the second separator is 30,000 ppm.

One problem associated with the conversion was the lack of deck
space available for the equipment. The equipment installed is
the maximum possible without major modifications to the semi.

The subsea production system has run virtually without
interruption since start-up except from the drilling of the
additional wells.

A very small amount of downtime has resulted from shutdowns
caused by the H,S detector alarm sounding. It has never been
necessary to disconnect the riser due to weather. Strain gauges
and angle indicators are provided to monitor the riser Toads but
they are mainly used to check rig position.

The vessel and system is <classified by ABS to API
specifications. It is idinspected every year with a major
1nspéction every 4 years. A tug is supplied as a standby boat
for rescue with some limited pollution control capability. |

Enchova Phase IV (Bonito)

The development of the Enchova field in the Campos Basin,
offshore Brazil (Figure 3.6-5), by Petrobras followed closely
behind that of the Garoupa field a few miles away. At this time
the Garoupa system, which was to use a relatively sophisticated
one atmosphere wellhead system, was Tate in going into production
for a vériety of reasons. As a result, it was decided to develop
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Enchova using the simplest possible system and the first
production was from a semisubmersible over a single well, Enchova
#1, with a hose to a tanker in a four point mooring system. This
well  produced 10,000 barrels per day, making it the best
producing well in the Campos Basin, and production was achieved
in the very short lead time of 5 months. As a result, this
development system gave a very successful, quick solution to the
requirement for early production for revenue (foreign exchange)
and also to establish the reservoir characteristics which were
not very well known at that time.

Later phases of the development incorporated the use of one and
two semisubmersibles, a Tloading buoy, and finally a subsea
template and manifold system. This Tast arrangement (Phase IV)
was not completed until March 1983, although the template was
already installed and has been producing since December 1982.
The system was called the Bonito system. A jacket has been
installed for the Enchova field. The design capacity of the
Bonito system is 60,000 bbl/day, although only 45,000 bbl/day is
expected.

The system shares two SPM Toading buoys with the nearby Bicudo
system. This system uses the Sedco 135D semisubmersible to
produce from three wells below the rig plus two satellite wells.
As with most fields in the Campos Basin, the Bonito system will
continue to be modified to take advantage of new developments in
the area.

The main feature of the design is the subsea template and the
manifold which used subsea chokes. These chokes are a very
simple fixed bean type and can be changed out by divers. The
original proposal by the designers (Vetco) was for a rigid,
non-intergral riser, but Petrobras preferred to choose a subsea
manifold and free hanging risers. Petrobras also investigated
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the use of a hydraulically operated variable subsea choke but
could not find one that was reliable:

Commingled product from the template flows via an 8-inch Coflexip

flexible riser which is attached to a quick-disconnect fitting on
the lower hull of the semisubmersible. Originally two of the
template wells had been planned as water injection wells although
this idea was later abandoned. As a result two wells now produce
to the semi via individual 4 inch Coflexip hoses. An additional
4 inch 1line from the manifold is used for well testing or to
monitor the annulus pressure of any well. Three of the satellite
wells connect to the manifold via pull-in connections on the side
of the template. The fourth satellite well flows directly to the
semisubmersible. Two future wells are planned which will also
produce directly to the surface vessel.

System performance has been good to date. Some problems have
been experienced with the vessel process equipment and also with
some subsea electrical equipment. In contrast to some systems
there is no problem with space on the vessel with adequate area
for the process equipment and also the future gas compression
equipment.

The system consists of the following components:

Four (4) satellite subsea trees.

Four (4) single Coflexip flexible flowlines from the
wellheads to a subsea template.

One (1) subsea template with six (6) wellheads, a manifold
base and associated piping.

One (1) subsea manifold with four Coflexip flexible risers
to the surface vessel.

Semisubmersible vessel with process equipment for 60,000
bb1/day and subsea equipment control units.
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- Coflexip flexible pipeline to CALM export buoy PLEM.
. CALM Toading buoy with 6 poirit mboring system.

Balmoral

Sun O0il Balmoral field 1is a small reservoir located in 460 ft.
water depth on the UK sector of the North Sea (Figure 3.6-6).
After reviewing all the options Sun decided on a subsea
development with a SEMI-FPS. Crude oil was to be collected from
13 subsea production wells and processed on the world’s first
propose built SEMI-FPS before being exported through a 14-inch
pipeline to the Brae/Forties pipeline.

This field was expected to produce at a peak production rate of
35,000 BOPD for approximately three years before commencing its
decline.

The results of cost studies indicated that a platform would be 40
percent more costly than a floater. Further technical studies
confirmed this conclusion and compared monohulls,
semisubmersibles and conversion versus purpose built. The final
conclusion of these studies suggested that a purpose built
semisubmersible represents the best option for the field
development [9].

The selected semisubmersible was a GVA 5000 series with the final
deck 1load carrying capability of 6,800 tonnes. The vessel has
been designed for a 1life of 20 years in accordance with the
Department of Energy’s guidelines. It includes a permanent 12
man diving spread.

Four dedicated moonpools are sited midship. The primary one is
used for workover and the others are provided for the subsea
control umbilical, the ROV and the diving bell.
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The vessel 1is moored by an 8 point mooring system connected to
1.5 m diameter preinstalled piles. Four dedicated thrusters are
used to maintain the vessel within its watch circle.

The risers are flexible Tlines supported at the upper deck level
and suspended in a steep-S configuration. The risers are
supported at midwater by a pipe arch and buoys.

The system consists of the following components:

- Nine (9) satellite wells

- Ten (10) template wells

- One subsea template with three manifolds; one for
commingling flow from satellite production wells, another
for metering the water to the satellite injection wells, and
the third provides for riser flushing.

- Purpose built semisubmersible with process equipment for up
to 60,000 barrels.

- Flexible production risers

- Flexible export riser

Detailed description of this system 1is provided in references
[10], [11], and [12].

Placid

Placid is the first floating production system installed in the
Gulf of Mexico. The SEMI-FPS was installed in 1,522 feet of
water on Placid’s Green Canyon Block 29 in 1988 after lengthy
bankruptcy battles that frequently threatened the realization of
this project [13] [14]. (Figure 3.6-7).

The production system consist of the following:
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- The seabed template containing its own wells drilled and
completed through template slots, plus tie-ins from
satellite wells.

- The world’s Tlargest riser to transport individual well
production to surface and separated oil/gas back to
seafloor.

- Floating vessel which is the converted Penrod 72.

The subsea template weighed 1,250 tons [15] [16]. There are 24
well bays. Twenty well bays have inserts which interface with
the BOP during drilling. After well completions, template trees
will be stabbed vertically into Tlanding receptacles,
simultaneously making flow 1line, annulus Tine and hydraulic
control line connections.

The most innovative part of the system is the self-supporting
rigid riser. It is designed for a 20-year life that includes
remaining connected during a Gulf of Mexico 100-year storm. The
riser was installed from the semisubmersible production vessel in
the same way as a drilling riser.

The rigid riser extends from the riser base at the seafloor to
150 ft. below mean sea level [17]. From top to bottom, the rigid
riser 1is composed of an upper riser connector package (URCP)
twenty-five 50 ft. and one 34-ft. riser joints, and a titanium
tapered stress joint and bottom connector assembly. At the top,
flexible flow-line Jjumpers connect the upper riser connector
package with the permanently moored semisubmersible. Six
tensioners on the rig apply load to the riser’s top to minimize
the horizontal displacement of the riser. This reduces the
possibility of damaging the flexible flow Tines.
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Both fixed and variable buoyancy make the riser self-supporting.
The fixed or synthetic foam modules give each joint slightly
negative buoyancy in water and allow for a simplified
installation proceduke. After riser installation, the individual
nonintegral production and annulus 1lines for 24 wells and a
single o0il sales 1line are installed through fiber glass guide
tubes within the foam modules.

. Inside each riser joint idis -an air can that when filled will

support the wet weight of the two nonintegral export lines, and
the nonintegral production and annulus lines.

To. provide clearance for a drilling or workover riser without
interrupting production, the location of the production riser
will be 80 ft. aft of the moonpool, midway between the port and
starboard pontoons.

Because the rigid riser 1is beneath the rig, the flexible flow
lines hang in catenaries from each side of the rig to the riser’s
top, applying a symmetrical load to the riser’s upper end.

The floating vessel 1is the Penrod 72 which entered the Marathon
Le Tourneau shipyard in August 1986 to undergo modifications
which allow it to moor for a 15 year period for production
purposes [18]. The Penrod 72 is a twin pontoon, 6 column unit
completed 1in 1975. Because of its size and configuration, it was
considered an ideal vessel for this service.

The vessel, along with two sister rigs (Penrod 71 and Penrod 75),
were among the first to feature a two deck, hull type
superstructure. Consequently, most of the original equipment,
quarters and storage is below decks, leaving an exceptionally
clear, flush upper deck. A net 3,800 tons of new equipment,
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structure and outfit were added. Also, 700 tons of production
variable deck 1load was added to the existing 2,000 tons variable
load for drilling. This was achieved by the addition of sponsons
to each of the corner columns to provide adequate stability.

The mooring systems is an eight point wire, chain and buoy,
pre-installed system [19]. The existing self deploying mooring
system and the thrusters have been removed entirely. The
converted Penrod 72 is designed to operate for a 15-year period
without return to port or draft change during storms or
inspections.

Existing TLP-FPS Review

Two TLP-FPS have been previously mentioned; the Hutton TLP and
the Jolliett Green Canyon TLWP. Both of these TLP’s belong to
Conoco and represent two different school of thoughts in the use
and application of tension leg platforms.

Invariably every major oil company has performed some kind of
study to assess the feasibility of TLP for their prospects. Some
of these operators have advanced their design beyond preliminary
stages. Therefore, it should be expected to witness other
tension leg platforms in the future.

Hutton TLP

The Hutton TLP was the first tension Tleg platform ever
installed. It was designed and fabricated for Conoco’s Hutton
field, British North Sea in 490 feet of water.

The detailed design of the Hutton TLP was one of the largest
design contracts ever awarded for a floating production system.
Brown & Root in association with Vickers Offshore Ltd were
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responsible for design and fabrication of the platform. The

realization of this first of a kind concept required more than
10,000 fabrication drawings, 675 procurement packages and used
thousands of hours of computer time for design calculations. The
structure displaces 61,500 tonnes and more than 40,000 components
had to be monitored to meet the sensitive weight requirements
(see Figure 3.7-1).

Major characteristics of the field and TLP are as described
below: '

Location: Northern North Sea - U.K. Blocks
211/27 and 211/28

Water depth: 490 feet

Recoverable Reserve: 245 million barrels of oil, 5
million barrels of NGL

Quality: Medium crude, gravity 30.5° API,
low GOR of 100-125 SCF/bb1

Process Capability: 110,000 barrels of oil per day

Production Aids: Water injection

Hull Type: Compartmental floating hull with 6"
thick wall tendons

Deck Type: Single integrated deck with a
mezzanine level carrying all the
process and utility equipment plus
external modules for the drilling
rig, power generations,
accommodation, helideck and flare
structure

Deck Dimension: 244’ x 257’

Number of wells: 24, ten drilled oprior to TLP

' installation. Fourteen more were

drilled from TLP after installation
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Riser Type: Individual steel drilling,
production and export risers

Platform Weight: 48,500 tonnes
Platform Displacement: 61,500 tonnes
Accommodation: 239 personnel

Jolliet TLWP

The innovative Green Canyon tension 1leg technology is a
reflection of today’s tight economic environment and efforts to
reduce the high cost of building fixed-position platforms for
deep water.

After Conoco completed its main in-house work on Hutton in 1986,
it went on to start a four year program in 1984 which at first
was neither site specific nor for TLPs alone, being aimed at

‘taking production capabilities to the water depths of 4,000 ft.

and more in which Conoco holds leases. Tankers, semis (and even
fixed platforms to 1,500 ft.) were also considered before the
scheme for block 184 (now named the Jolliet field) hardened up as
a TLP in mid-84.

Unlike the Hutton TLP, which contains all production and drilling
equipment, the Gulf of the Mexico platform holds only the
wellheads, the productions separator, the well test system, a
completion rig, a gas compression system and accommodation for 40
workers (see Figure 3.7-2).

In order to achieve the maximum cost efficiency, the equipment on
the Jolliet TLWP were minimized. This allowed the Gulf unit to
be about one-quarter the size of its North Sea counterpart.
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About a quarter of the $400 million price tag on the overall
Jolliet project will go to the TLWP itself. When installed in
mid 1989, the platform will raise the world record water depth
for offshore production to 1,760 ft.

The rest of the money goes to development drilling, pipelines,
and to the shallow water jacket (sited 10 miles north in around
490 ft. of water) which carries o0il and water treating equipment,
and to the process equipment on both that jacket and the TLWP.

The major structural steel saving was achieved in the hull and
tendons. The redesign of the TLWP hull has reduced structural
steel weight by 40 percent compared with the Hutton approach.
Instead of ring-stiffened columns with steel shell up to 40 mm
thick which were used in Hutton, the Green Canyon unit will adopt
thinner shells with orthogonal, egg-box stiffening. The result
is a structural steel weight in the Jolliet platform of only 9
pounds per cubic foot of hull volume compared with 15 pounds in
Hutton.

Another drastic design change is concerned with the tendon. The
Jolliet tendons are large diameter, thin walled tubulars which
are externally attached to the columns.

The individual riser arrangement is also adopted here. However,
the export risers are catenary flexible risers.

The process facility has a capacity of 35,000 barrels of oil per
day and 50 MM cfd of gas. A total number of 24 well siots are
provided on the preinstalled drilling template. However, only 16
wells will be producing. Preinstallation of the drilling
template and drilling of all wells before TLWP installation will

allow the field to come on stream about two years sooner than if

another approach was undertaken.
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Major characteristics of
below:

Location:

Water depth:

Quality:

Processing Capability:

Hull Type:

Deck Type: ‘

Deck Dimension:

Number of Wells:

Riser Type:

Platform Weight:

Platform Displacement:

Accommodation:

the field and the TLWP are presented

Block 184, Jolliet field,
Green Canyon, Gulf of Mexico

1,760 ft.

Medium Crude
Gravity (NA)
GOR (NA)

35,000 barrels of oil per day
50 mmcfpd

Compartmental floating hull
with 12 thin wall, large
diameter tendons

Single integrated deck

140’ x 140’

16 (all predriiled)

Individual steel workover and
production risers. Flexible
export risers.

Hull 4600 tons

Deck 2200 tons

16,700 tons

40 workers




Table 3.7-1 shows a comparison between the Hutton TLP and Jolliet
TLWP.
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FIELD

Recoverable Reserves

Oil

Gas
Peak Capacity

Qil

Gas
No. of Wells
Onstream Date
LOCATION
Water Depth
Design Wave Height
PLATFORM
Operating Displacement
Operating Draft
Mooring Tendons, Number
Total Mooring Pre—tension
Total Riser Pre—tension
TENDONS
Tendon Outside Diameter
Tendon Wall Thickness

190 mn bbls

110,000 b/d

21
August 84

147m
30m

61,500t
32m

16
13,200t
1350t

260mm
92.5mm

JOLLIET

- 40 mn bbls

2.1 bn m?*

35,000 b/d
1.4 mn m3/D
16
September 89

536m
22m

16,700t

© 24m

12
4900t
1100t

600mm
20mm

COMPARISON BETWEEN HUTTON TLP

AND JOLLIET TLWP_

TABLE 3.7-1
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REVIEW OF RISER SYSTEMS FOR FLOATING PRODUCTION SYSTEMS

This section presents a review of the riser systems which have
been used with floating production systems (FPS). A literature
search was conducted into the area of production risers.
Following a discussion of the results of the Titerature search,
the various types of riser systems compatible with FPS are
described and reviewed. The review addresses both
semisubmersible based systems and TLP riser systems.

Literature Search

A literature search was conducted to obtain a 1listing of
technical papers written on the subject of production risers.
The Tliterature search was conducted by Brown & Root’s technical
Tibrary staff. The following three data basis were surveyed:

1) Oceanic Abstracts (papers from 1964 to February, 1989)

2) Compendex Plus (papers from 1970 to December, 1988)

3) Fluidex (papers from 1973 to March, 1988)

The search is performed by searching all the titles and abstracts
contained 1in the data basis for key words or phrases. When a key
word or phrase appears in the title or abstract of one of the
papers, that paper is selected for further review. The following
key words and phrases were used in the literature search for
production risers:

1) Riser interference
2) Riser Clearance

3) Production Riser
4) Flexible Riser
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5) Nonintegral Riser

A total of 139 papers were selected from the three data basis
relating to production, flexible, or nonintegral risers. Some
duplication of papers witﬁin the three data bases was noticed.
An abstract of each paper is:included in the Appendix.

SEMI- FPS Riser Systems

There are two common types of riser systems which are used with

semisubmersible based FPS; iN’gid and flexible. The two systems
will be described in the following section. The discussion will
address the application, installation, operation, and maintenance
of each system. Figure 4.2-1 summarizes the riser types which
are used with semisubmersible based FPS.

Rigid Riser Systems

Rigid riser systems were the first type to be developed for use
in a semisubmersible based FPS. The rigid production riser was
developed using drilling riser technology. Rigid production
risers can be divided into two categories; integral and
nonintegral. The distinguishing difference between the two types
is that all the individual risers (flow paths) for an integral
riser is contained within a éing]e joint. When an integral riser
is installed, all the flowpaths are established at the same
time. An integral riser may consist of a structural member with
all the individual risers located within the structural member.
The risers would be shielded from the environmental forces.
Another form of an integral riser is very similar to an integral
drilling riser with exterior choke and kill lines. This type of
riser would use the main ‘member as an export riser, with
additional integral riser mounted on the exterior. Figure 4.2-2
illustrates the typical integral rigid risers described above.
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A nonintegral riser is comprised of a main structural member,
" which s typically used as an export riser, and independently run
flowline risers. The flowline riser are supported at regular
|mounted on the main member.- A

nonintegral riser was used ip the Argyll Field Development, which

intervals with guide arms

was the first floating production system to be installed. Figure
4.2-3 illustrates a typical npnintegra] rigid riser.

Another nonintegral riser system has recently been installed for
the Placid Green Canyon Déve]opment in 1,524 ft. water depth.
This riser has several unique features (see Figure 4.2-4). The
riser is self supporting with both fixed and variable buoyancy
methods. The self standing riser will be capable of remaining in
place during a 100 year  hurricane. A small tensioner is used
only to provide a nominal: 100 kip top tension to control the
displacement envelope. The top of the rigid riser section
terminates 139 ft. below water. An array of flexible risers are
used at the top of the riser to complete the flowpath to the
semisubmersible. A titanium tapered stress joint is used at the
riser base to control the' stresses. A total of 24 individual
flowlines, 24 individual 'annulus access lines, two export
flowlines, and a control umbilical are supported by the riser.
This riser incorporates 'the latest technology in rigid
nonintegral deepwater risers.
!

The 1installation of an integra] rigid riser is very similar to
that of a drilling riser. The riser is installed a joint at a
time. The connections of each riser are integral to each joint.
Once the riser has been run, all flowpaths are established
concurrently. A nonintegral riser is installed by first running
the main member. The exterior flowlines are then installed
individually through guide funnels attached to the main member.
The weight of the flowline risers must be carried by individual
tensioners at the top of the riser. The guide funnels do not
carry any weight of the flowline riser.

4RISER
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Associated with the installation of each riser system is a riser
base located on the subsea template. The riser base section of
the template transfers the Tloads of riser through the template
and into the seabed. There is also considerable amount of
flowline tubing contained {within the riser base which links the
riser flowpaths to subsea trees or manifold.

The rigid riser systems Jescribed above could not be used to
workover the subsea wells. A separate workover riser would be
required to gain access ﬂo the well. The use of pumpdown
techniques, however, could be used on non-commingied production
systems to perform 1im1tedidownho1e functions. The tools would
be pumped down the individuh] riser, through the template piping
and subsea tree and into the well.

The maintenance of an :integra1 riser would require the
shutting-in of all production and the retrieval of the entire
riser. The individual risers of a nonintegral riser system, on
the other hand, can be retrieved separately and maintained
without total interruption ofiproduction.

Flexible Riser Systems

Flexible riser systems have been used on several floating

production facilities. Flexible riser systems are very adaptable
to various field development scenarios. Their use may range from
a simple satellite well extension to a full fledged flexible
riser system, including production risers, injection risers, and
export risers.

There is a wide range of configurations used for flexible
risers. The environment plays a significant role in selecting
the appropriate riser configuration. Some of the configurations
which have been used include:
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1) Free Hanging
2) Lazy Wave

3) Steep Wave
4) Lazy "S"

5) Steep "S"

The configurations mentioned above are illustrated in Figure
4.2-5. The catenary is freduent]y used for single satellite well
or export riser applications. The riser and .flowline/pipeline
can be continuous from the surface to the well. The catenary
riser configuration, however, is generally not suitable for
extreme environmental condﬂtions due to excessive bending of the
riser at the seabed touchdown point.
i

The lazy wave and steep wave configurations use distributed
buoyancy along the riser tb decouple the vessel motion from the
lower riser region.  This type of configuration is more suitable
for an extreme environment th?n the standard catenary.

The steep "s" and lazy "s? utilize a mid-arch pipe bolster and
buoy. The pipe bolster Timits the radius of the flexible pipe,
while the buoy supports the;weight of the free span and provides
a restoring force. The sfeep "s" riser is usually used with a
riser base, separate from the wellhead template. Both of these
configurations perform very well in extreme environments.

Unlike rigid riser systems: the installation of flexible risers
usually requires a dynamically positioned (DP) vessel. The
flexible pipe 1is either carried on reels, or for short lengths,
simply 1laid on the deck. ° The riser installation is sometimes
performed with the f]ow11né installation, particularly in the
case of a satellite well or export pipelines. The retrieval of
flexible risers for periodicirepair or maintenance is usually not
a part of the design criteria. The risers typically remain in
place through the 1life of the ?aci]ity.
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|
A feature which has been included in some flexible riser systems
is a quick connect/disconnect at the surface. This top
connection allows the riser to be temporarily disconnected from
the semisubmersible in thé event of an accident or severe
environment. The riser would fall to the seabed with a retrieval
line and buoy for later ;reconnection. As with integral and
nonintegral rigid riser sysﬁems, flexible risers are not designed
for well workovers. Pumﬁdown tools could be used for some
applications. However, al workover riser is normally used to
perform maintenance functions on the template subsea wells
lTocated beneath the semisubmersible.
|

The Balmoral field deve]oﬂment project 1is a good example of a
complete flexible riser system. Figure 4.2-6 illustrates the
Balmoral riser system. The Steep S configuration was selected
based, among other reasons,'on the severe North Sea environment.
The risers are designed to remain connected during severe
weather. However, a quick dﬁsconnect feature was incorporated to
allow the risers to be disconnected from the vessel during an

emergency situation. A total of nine flexible risers comprise

the system. The riser types and sizes are as follows:

1) 8" Water Injection

2) 8" Flowline Production
3) 4" Annulus Access |
4) 4" Test & Kill

5) 4" Gas Lift

6) 8" 0i1 Sales

7) 4" Gas Sales

I
i

There are several factors which must be considered when selecting
a riser system. The selection process is performed using
specific requirements and, constraints for the particular
development project. Therelare some comparisons, however, which
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i
have been made between the various riser systems which may assist
' Table 4.2-1 summarizes some of the
advantages and disadvantages;of each riser system.

i

the preselection process.

TLP-FPS Riser Systems

This section describes the Qarious types of risers which are used
for a Tension Leg Platform (TLP), including production tieback
riser, export riser, drilling riser, and risers for satellite
wells. The discussion wil]ibe limited to existing riser systems,
which utilize tieback production risers with surface trees.
Figure 4.3-1 illustrates anlindividua1 riser tieback system for a
TLP. There have been other types of riser systems proposed for
TLPs which would use subse@ production techniques. These other
riser systems will be addressed in Section 5.5, New Concepts.

|
The only TLP to be insta]]ed, to date, is Conoco’s Hutton in the
North Sea. This TLP was' installed in 490 ft. water depth in
1984. Conoco is nearing the completion of a second TLP project
in the Jolliet Field, Guif of Mexico. This TLP is planned to be
installed in 1,760 ft. water depth in Tlate 1989. The riser
systems described in the following section will be based on these
two TLP designs. !
i
A principle design constraint on a TLP design is the platform
payload. Because the perférmance of the TLP depends largely on
the restoring buoyant force, ievery effort is made to minimize the
load which the deck is required to carry. The riser top tension
is a significant component' of the total deck payload. Another
principle design feature of ‘a TLP which has a significant impact
on the vriser design is thel]imited heave motion. The TLP heave

is almost negligible, when compared to that of a

semisubmersibie. The sda]] amount of heave is easily

accommodated in short slip joints and flexible jumper lines.
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Production Tieback Risers |

!
The production tieback risers are very similar to conventional
fixed jacket wellhead cénductors. In both structures, a
conductor 1is used to provide a direct vertical access from the
platform deck to the well. ;The trees are located on the platform
deck and conventional 1land based production techniques are
employed. The tieback rﬁsers for a TLP, however, are only
supported at the top and bottom of the riser. The riser must be
tensioned to limit the bendidg stress.

A typical production tieback riser is shown in Figure 4.3-2. The
main components, starting from the top, include; tree, tensioner,
riser Jjoints, the Tlower tapered stress joint, and the tieback
connector. The riser joﬂnt is constructed from conventional
threaded conductors. The diameter of the tieback risers for the
Hutton TLP and Jolliet TLP lis 9-5/8 inch. The production tubing
is run within the tieback riser. The annulus between the tubing
and tieback riser is filled with inhibited seawater.

Export Risers :
The export risers used for the Hutton TLP are conventional
vertical steel risers. The riser joints and connectors are very
similar to a drilling riser., A riser base is used to connect the
riser to the export pipelines. Figure 4.3-3 shows the main
components of the Hutton export riser.

Flexible catenary risers afe used as export risers for the
Jolliet Field TLP. The %1exib1e pipe is routed through "pull
tubes" down to the pontoon of the hull. The top tension required
for a flexible export riser is much lower than for a steel rigid
riser.
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Drilling Risers

The drilling riser system used on the Conoco Hutton TLP was é
surface BOP stack and a high pressure drilling riser, as shown in
Figure 4.3-4. The major:components of this system include the
lower riser package, high pressure drilling riser, drilling riser
tensioner, tensioning spoof, surface BOP stack, and slip joint.
A1l wells were drilled from'the TLP. The drilling riser can also
be used to workover the we11§ for major workovers.

The Jolliet Field TLWP, on the other hand, does not have a
drilling riser. All the! wells will be pre-drilled using a
semisubmersible drill rig. The TLWP will complete the wells with
the tieback risers and prodqction tubing. A small workover riser
will be provided for workovers which cannot be performed through
the tieback riser.
| |
Risers for Satellite Wells

i
|

The risers for satellite we]hs can be rigid steel, with flowlines
connecting the well to the riser base template, or flexible.
Early designs of the Jolliet Field TLWP included several
satellite wells. Flexible catenary risers were designed to
connect the satellite well to the platform production
facilities. As with the iﬂexib]e export risers, the flexible
satellite risers were routed to the lower pontoons and columns
via steel pull tubes.
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RISER INTERFERENCE

The subject of riser interference is addressed in this section.
The areas where riser "interference are of concern are
identified. The various types of potential riser interference
are described. Methods o# calculating riser interference are
discussed. Some possible solutions to eliminate interference are
mentioned, as well as the%r impact on the floating production
system design. This sectién concludes with a discussion of new
concepts that will 1likely b]ay a roll in future deepwater riser

designs.

Areas of Concern

Riser interference is a con?ern which must be addressed, in some
form, for most every deepwéter floating production system. The
collision of a riser, whether it be a drilling, production, or
sales riser, with any objeét, such as another riser or platform
hull, is a condition which%shou]d be avoided. The consequences
of such a collision could vary from minor structural damage to a
complete riser failure. The failure of a riser would certainly
lead to a catastrophic situat{on.

|
There are several possible types of riser interference, which
include the following: |
1) Riser to riser

2) Riser to hull ‘

3) Riser to TLP tendon or moqring line

The interference potential varies with the operating mode. The
two principle modes of opgration which must be considered
include:
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1) Installation (running/retrieval)
2) In-place during extreme event storm

The various types of riser interference will be briefly
considered for all common types of riser systems, for both TLP
and semisubmersible based p%oduction systems. The potential for
the various type of 1nterference will be assessed, so that the
more critical areas of inﬁerference may be identified. These
critical areas will serve - as the focal point in the subsequent
sections.

Riser Interference Potentia]:‘ Semisubmersible Riser Systems
|

The two basic riser systehs for a semisubmersible floating
production systems are rigid and flexible. In a rigid riser
system, weather it be integral or nonintegral, the production
riser 1is typically located at one end of the subsea template. A
riser-to-riser interference ' could occur between the production
riser and the drilling or workover riser. Figure 5.1-1
illustrates a potential interference situation between a rigid

production riser and a drilling/workover riser. This situation

is typically eliminated by locating the riser base a sufficient
distance from the nearest well bay or applying sufficient tension
to the guidelines on the ﬁri]]ing/workover riser. Since rigid
risers are typically retrieved during extreme events for
semisubmersible systems, the clearance is wusually based on
environmental conditions Tess than the extreme design event.
Therefore, eliminating riéer to riser interference in a
semisubmersible based rigidiriser system can usually be achieved
without imposing on other system design constraints.

The riser to hull interference potential for a rigid riser system
depends Tlargely on the configuration of the semisubmersible. The
potential problem area is the structural bracing. The problem

j
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can be made more difficultiin semisubmersible conversions, where

the structural design was performed without regard to future
clearance requirements. Figure 5.1-2 is a plan view of a
semisubmersible with a 7large diameter rigid production riser
located near one end. The center area remains open for access
with the drilling/workover riser. Providing clearance between
rigid production risers and semisubmersible hulls is generally a
structural design issue. qu purpose built semis, the bracing is
often eliminated to provide open areas for production risers.
Converted semis could require structural modification to provide
the necessary clearance. f In either case, the solution is
typically achieved withouti a significant impact to the overall
system design. |

The interference between a rigid production riser and a mooring
line for a semisubmersible is usually not applicable. The
mooring lines generally départ the semi outboard from the
column. Therefore, the vertical rigid riser would contact the
hull long before interfering with the mooring lines.

The interference potential for a flexible riser system for a
semisubmersible is far different than that of a rigid riser
system. The concern with agriser to riser interference lies not
with the drilling/workover :riser, but with the various flexible
risers. In many flexible riser systems, the risers are closely
spaced as they depart the vessel. Due to the high degree of
flexibility, the risers cah experience Tlarge deflections from
current  loadings. The deflections have been found to be
dependent on the diameter 'to weight ratio of the riser. If
adjacent risers have different diameter to weight ratios and are
closely spaced, then inter%erence must be considered. However,
there are several solutions which have been used to eliminate
the interference potential. One possible solution is to alter

the configuration and departure from the vessel so that there is
!
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sufficient clearance between risers. Another method is to use a
ribbon-type connection to tie the risers together. Figure 5.1-3
illustrates this type of ¢onnection, which controls the spacing
between risers.

|
The potential for a flexible riser to interfere with the hull or
mooring line depends upon the placement of the attachment point
of the riser to the vessel and the response of the flexible
riser. To avoid the interference potential, the flexible riser
attachment point to the vessel is often located at the outer edge
of the Tlower deck. In general, lowering the attachment point
will reduce the interference potential. In the extreme, the
flexible pipe could be attached to the vessel at the pontoon
level, which would effectively eliminate all risk of interference
with the hull. ;

|

Table 5.1-1 summarizes ' the interference potential for
semisubmersible based riser‘ systems. The assessment of the
potential has been genera]izéd and should not be considered valid
for all cases. It should also be noted that the rating reflects
the interference potential, and the ability to eliminate the
interference. For examp]é, the interference potential between
two flexible risers could be extremely high for the initial
design, but could be easily eliminated by relocating the risers
or using a mechanical device to connect the risers. Therefore,

the riser to riser type inte}ference for a flexible riser systems

is given a low rating.
Riser Interference Potential: TLP Riser Systems

The riser to riser interference is of particular concern in the
TLP riser systems. Figure 5?1—4 shows schematically interference
of two adjacent risers in a' TLP. The potential for this type of
interference 1is greatest between risers of differing size, mass,
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and top tension (eg. drilling and production). The two different
risers will have different response envelopes. The response
envelopes may overlap, which would indicate contact between the
risers.

The risk of interference wvaries for different operating modes.
One of the most critical times during which riser to riser
interference may occur is: when the risers are being run or
retrieved. Some form of guidance system is required in order to
position the riser being irun within the existing riser array.
The most common example of this operating mode is the drilling of
a well next to previously coﬁp]eted wells with the tieback risers
in place. If a subsea BQP stack is used, the size and exposed
drag area compounds the clearance problem. A current loading
displaces the drilling riser downstream. The tension in the

drilling riser guide .line system must be increased with

increasing water depth Eand current loading to prevent

interference. |

The potential for a rigid pfoduction, sales, or drilling riser to
contact the TLP hull is much lower than the previously discussed
riser to riser interference. As with semisubmersibles, the
problem 1is very dependent on the configuration of the hull
design. If the hull 1s'designed with diagonal braces between
pontoons, the distance between the tieback risers and hull
bracing may be reduced considerably.

The potential for a flexible export or satellite well riser to
contact the hull can vary greatly. If the flexible risers are
simply hung from the lower deck, near the production risers, the
potential for interference  is extremely high. Because flexible
risers can experience very Tlarge lateral deflections, it is
desirable to design the system so that the flexible risers depart
the TLP away from the tieback risers. One possible solution to
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eliminate contact between fiexib]e risers and the hull is to use

rigid "pull tubes" to guide the flexible pipe from the deck,
through the wave zone, pa?t the hull. The pull tubes are
continuous steel pipe which are preinstalled to the TLP hull and
routed in such a way to provide an exit outbound from the hull
and production risers.

Figure 5.1-5 illustrates a typical pull tube with a flexible
riser in place. There are ahternatives to the pull tube concept,
but the primary objective in a flexible riser system is to locate
the riser exit point well away and below the hull and production
tieback risers.

As with riser to hull interference, the potential for a rigid
tieback riser to interfere% with a TLP tendon is extremely low.
The more 1ikely area of concern is with a flexible riser and
tendon interference. In deep water TLP projects, the probable
configuration of a flexible riser is a simple catenary; or free
hanging. The shape of the catenary must be designed so that when
the TLP horizontal excursion (surge) is at a maximum, the
flexible riser does not experience either excessive tensions or
excessive bending radii. 'The resulting shape then needs to be
evaluated with regard to interference with the TLP tendons.
Eliminating this type of interference is a matter of adjusting
the departure location and orientation from the TLP. Figure
5.1-6 illustrates this type of interference.
|

The 1interference potential for TLP riser systems is assessed and
summarized in Table 5.1-2. Again, the ratings are relative and
are for illustrative purposes only. A significant point to be
made, however, 1is the higher interference potential associated
with TLP riser systems. While riser interference in a
semisubmersible based production system is a design
consideration, the solutions to overcome interference are more
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straightforward. The solutions for riser to riser clearance in a

TLP based system are not well défined, especially for increased
water depths. A total system design effort is required to ensure
riser clearance 1in a conventional TLP riser system. There are
also economical implications due to increased riser top tension
or wellbay spacing which must be considered. For the
abovementioned reasons, the remainder of this section will be
dedicated to the problem of riser to riser interference in a TLP.

System Design Considerations

Eliminating riser interference in a TLP is not an isolated
problem. If it were, the well system and riser top tension could
be increased indiscriminately until sufficient clearance is
obtained. Increasing these two critical parameters, however, has
a significant impact on the total system design.

The most important factor used in controlling the riser response
envelope is the riser top tension. Increasing the top tension
will reduce the response envelope, while decreasing the tension
will have the opposite effect. Given a response envelope, the
well spacing could then be adjusted until the desired amount of
clearance between risers was obtained. This simplistic approach
can be applied with success to TLPs in mild environments, or
relative shallow water. However, the impact of increased top
tension and well spacing escalates as the water depth increases
and the environment becomes more severe. Therefore, a total
system design effort must be considered in evaluating the riser
interference problem and obtaining alternative solutions.

The fundamental principle behind a TLP is the reliance on
piatform buoyancy. A penalty must be paid when any weight is
added to the platform, which reduces the available buoyancy The
penalty is an increase in platform size and cost. Increasing the
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riser top tension, therefore, reduces the riser response envelope
to the detriment of the platform bioyancy.

Eliminating the riser interference by increasing the well spacing
also opposes the goal of minimizing the size of a TLP. At some
upper Tlimit, the well spacing or riser top tension could render
the TLP concept uneconomical for a given field development
project.

Interference Analysis

This section presents the techniques which have been used to
assess riser interference. The primary area of concern is the
riser interference between two tensioned risers. The analysis
procedure for a riser to hull or riser to tendon clearance
problem is very similar, and will be discussed. This section
concludes with a summary of critical factors which should be
considered in performing interference analysis.

Riser to Riser: In-Place

The typical approach used 1in analyzing riser clearance between

two adjacent tensioned risers involves a sequence of steps.
First, a separate analysis is performed for each riser. The
results of these analyses are written to output files for further
processing. The analysis 1is performed for a range of top
tensions. Next, the postprocessing program is used to compute
the clearance between the risers. The spacing between the top of
the risers is input. The wave propagation direction is also
input, which in effect places one riser upstream and the other
downstream. The program accounts for the appropriate phase angle
shift due to the 1input top spacing. The analysis is performed
for two wave propagation directions, so that the clearance
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between upstream and downstream risers can be determined. The .
program typically will step through the wave in small slices of
time. The clearance between the risers will be calculated at

each time step and at each response point (node) along the
riser. The diameters of the risers can also be considered to
obtain an actual clearance, versus a centerline to centerline
spacing.

The results of this analysis can be reported in several
fashions. A plot of the deflected shapes at the most critical
time step can be produced, or the minimum clearances for each
node can be printed. Figure 5.3-1 summarizes the above steps in
flowchart form.

The results of the riser clearance analysis provides the spacing
between two different risers for a specific set of conditions,
(ie top tension, water depth, etc.). A positive spacing distance
would indicate clearance between the two risers, while a negative
distance signifies interference. The minimum clearance between
the two risers for a specific set of top tensions can be
plotted. Figure 5.3-2 1is a typical clearance plot for a
production tieback riser and a drilling riser.

The clearance analysis results are ultimately used to select a
set of top tensions for all the various risers. This task is
accomplished by organizing the clearance analysis results into a

matrix array graph. Figure 5.3-3 illustrates a typical matrix
array graph for a drilling vriser, production riser, and sales
riser. For three risers, nine sets of clearance analyses is
performed. The clearance is analyzed between each riser for both
upstream and downstream conditions. The cases are summarized
below.
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UPSTREAM

Drilling
Drilling
Drilling
Production
Production
Production
Sales
Sales
Sales

DOWNSTREAM

Drilling

Production

Sales
Drilling
Production
Sales
Drilling
Production
Sales

The combinations of tension which result in riser interference

are partitioned. The minimum tensions which can be used without
in riser interference are selected as the nominal

It should be noted that some of the cases which should
be considered depend greatly on the specific TLP riser system.

The previous

resuiting
tension.

example, for instance, considers interference

between two -adjacent drilling risers. Only the larger fields

would require two drilling risers. The number of cases could

also increase, for example the sales risers could include both a

gas export and o0il export. Each riser would have to be

considered as a separate riser with a unique response envelope.

Riser to Riser (Running/Retrieval)

The interference analysis between risers during running/retrieval
is performed in a similar manner to the in-place analysis. The

tension in the guidelines for the riser being run becomes the

critical parameter.
modeled to obtain an accurate

tieback risers and

The size of the lower riser package must be
solution. The running of the
sales risers should also be

considered, but will 1likely pose much less of a problem.

production
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Riser to Hull/Tendon

The analysis for a riser to hull and riser to tendon type
interference is performed in a similar fashion to a riser to
riser clearance problem. The difference is that the
postprocessor only requires the dynamic response envelope for a
single riser. The innermost boundaries of the hull and bracing
or tendon is modeled and coupled to the riser motion by fixed
displacement conditions at the top of the riser. The procedure
is the same weather the riser is rigid or flexible. ’

Critical Factors

In performing the riser interference analysis, several factors
must be considered. The factors can be grouped into the
following general categories:

1) Riser properties

2) Platform parameters

3) Environmental conditions
4) Modeling technique

Nikkel, et al., [20] studied these critical factors in predicting
TLP riser clearance. The modeling techniques compared time
history and frequency domain solutions, regular and irregular
wave analysis, and hydrodynamic coefficient modeling techniques.
The riser properties which were evaluated included riser top
tension, riser buoyancy, riser diameter, riser wall thickness,
and riser contents. The well spacing and platform offset were
varied to study the effect of platform parameters. The
environmental parameters studied included wave height, wave
period, and current profile.
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The following conclusions were drawn from their study:

Frequency domain and time domain analysis techniques show
good agreement in predicting riser response. (See Figure
5.3-4.)

Some discrepancies were found between frequency domain and
time domain methods for calculating riser to riser
clearance. (See Figure 5.3-5.)

Irregular wave analysis predicted less clearance than
regular wave analysis. (Figure 5.3-6.)

The clearance predicted wusing constant hydrodynamic
coefficients 1is in good agreement with using Reynolds number
and Keulegan-Carpenter dependent coefficients (Figure
5.3-7).

The effect of wave height on riser clearance decreases as
the water depth increases (Figure 5.3-8)

Solutions to Riser Interference

The principle solutions to eliminate riser interference are
increased riser top tension and ‘increased well spacing, or a
combination of the two.

For deep water TLPs, there may not be a practical combination of
well spacing and top tension. Therefore, additional solutions
should be considered. These solutions will 1likely have a
significant impact on the field development philosophy, but are
worth consideration. Some possible secondary considerations are
discussed below.
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Two types of drilling risers are presently being considered for
TLPs. One type 1is a conventional fixed platform type drilling
riser with the BOP Tlocated at the surface. The other uses a
subsea BOP, which is common for drilling risers in FPS. Locating
the BOP at the surface will tend to decrease the interference
potential by decreasing the size of the lower marine package.

The drilling riser may be eliminated altogether by predrilling
the wells from a semisubmersible prior to installation of the ‘
TLP. This could have a significant impact on the field
development scheme. Even if the wells are predrilled, a workover
riser would be required. The workover riser could be smaller
than the drilling riser and designed to minimize the size of the
lower riser package.

One possible consideration 1is to establish limiting sea states

for the running/retrieval of drilling/workover risers. A
limiting sea state would restrict the time available for workover
or drilling operations, but should be considered as a method of
reducing the interference potential.

In extreme cases, the wells adjacent to the drilling/workover
riser could be shut-in and the production tieback risers
retrieved. This would be very undesirable from an operation view
point. A more palatable solution may involve the varying of the
riser top tensions 1in the vicinity of the drilling riser. A
schedule of top tensions could be produced which could be
implemented during drilling/workover operations.

Another consideration 1is the use of an anti-fouling coating on
the production risers to prohibit marine growth. Controlling
marine growth would decrease the exposed area subject to current
loadings and reduce the overall diameter of the riser. For a
given top tension, the response envelope for a riser without
marine growth should be smaller than one with marine growth.
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New_Concepts

Thére have been some recent developments 1in the area of TLP
designs which could play a role in eliminating riser
interference. Some of the work has only been carried out to the
conceptual level, while other developments involve the
development and testing of new materials. The following section
addresses some of the new concepts which are under consideration
for future deepwater TLPs.

Several studies have been conducted which study the advantages
and disadvantages of using a semisubmersible rigid riser system.
This concept places the trees subsea in order to eliminate the
individual tieback risers. The subsea wells could either be

non-commingled, ~with individual flowpaths to a large non-integral

type riser, or commingled with fewer individual risers. Figure
5.5-1 illustrates both of these concepts. In either case, the
riser to riser interference potential is greatly reduced.

Another new TLP concept for deepwater uses non-vertical
production tieback risers. The riser spacing at the surface is
similar to conventional TLPs. However, the subsea wellheads are
spaced out significantly so that the spacing of the tieback
risers increases as the water depth increases. A conventional
wellhead template would not be used. The subsea wells would be
located on individual, separate wellbases.

Considerable work has been performed to develop new material for
tieback risers. Titanium has been considered which would save
weight, reduce the riser top tension, and improve flexibility and
corrosion resistance properties. A composite material made of
carbon fiber and fiberglass/epoxy is also being considered, which
would further reduce the top tension and weight. By reducing the
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weight of the riser material, the tension required to suppdrt the
riser and T1imit the stresses is reduced. Additional top tension
is then available for controlling the dynamic response of the
riser. The use of foam buoyancy modules would also reduce the
tension, but is at a disadvantage because of the increased
diameter of the riser. Delgado, et al. [21], studied the various
riser material options for a 1200 meter water depth TLP. The new
material vresulted in significantly reduced top tensions. Figure
5.5-2 shows the predicted top tensions for the various materials
considered.
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RECOMMENDATION FOR FUTURE‘HORK

The results of the study in the Phase I of the project clearly
indicated that the potential for riser interference is of greater
importance in a (TLP-FPS) than in a (SEMI-FPS). Therefore, it is
recommended that the main thrust of the future work be directed
towards the assessment of riser interference/clearance in a
tension leg platform.

The recommended future work can be carried out as a joint
industry project. Two distinct stages of activity can be
identified 1in the project. Stage one is concerned with the
preparation of the proposal, identification of potential
participant, organizing a meeting with potential participant, and
finalization of the Base Case which would be the subject of the
study for the Joint Industry Project (JIP).

The stage two 1is the performance of JIP itself. The need for
this distinction stems from the fact that a certain funding is
necessary to carry out the first stage. JIP participants
historically have been reluctant to provide or compensate
expenses that are incurred to organize the JIP itseif.
Therefore, these two stages of activity are clearly distinguished
in the work breakdown structure presented in this section.

A scope of work and an analysis methodology for assessing the
riser interference/clearance problem in a TLP is presented in the
following sections. The detailed plan for carrying out these
analyses 1is presented in Section 6.4. It is important to mention
that the analysis methodology presented here is not the only
possible approach that can be undertaken. However, it represents
a reasonable approach for studying this problem.
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Scope of Work

The Scope of Work can be summarized in the following tasks:

1) Establish the base case TLP in concordance with the
potential participants.

Develop a methodology, in agreement with the participants,
for the detailed analysis and assessment of the
interference/clearance of risers for the base case TLP.

Apply the methodology to the base case TLP and report the
results.

4) Expand and generalize the methodology to be applicable to
other TLP configurations.

Description of TLP

The recommended base case TLP for further work is the TLP
configuration used in the MCAP (Methodology for Comparison of
Alternative Production Systems) Joint Industry Project. Some of
the important parameters for this TLP are presented in Table
6.2-1.

Analysis Methodology

The parametric analysis, which is needed for this study, requires
many computer runs. A frequency domain riser program is best
suited for this purpose. A suitable candidate is the FDRISER
program. This frequency domain riser analysis computer program
incorporates a linearization method based on energy
considerations. Its output include displacements, angle,
combined stress, bending stress, Tlocal forces, and 1local
moments. It contains a plot subroutine that generates graphs of




Water Depth:

Platform:

Column:

Pontoon:

Tendon:

TABLE 6.2-1

BASE CASE TLP PARAMETERS

Displacement

Weight
Operating
Extreme

Mass Moments of Inertia
Pitch and Roll
Yaw

Draft
Deck Clearance (MWL to Main Deck)

Vertical Center of Gravity (KG)
Operating
Extreme

Spacing (Centerline)
Size

Corner Radius
Displacement

Size
Corner Radius
Displacement

Size

Pretension (Operating)
Total of 16
Each Tendon
Pretension (Extreme)
Total of 16
Each Tendon

Axial Stiffness (per Tendon)
Flex Joint Rotational Stiffness

Size

Pretension
Total of 24
Each Riser

Axial Stiffness (per riser)
Buoyancy Material

2500 ft
77,500 kip

47,940 kip
46,660 kip

1. 1010 slug- ft2
1

2 x
.8 x 010 slug-ft?

95 ft
65 ft

112 ft
112 ft

202 ft x 202 ft

46 ft x 46 ft
6 ft

48,130 kip

26 ft x 26 ft
2 ft

29,370 kip

24" @ x 1.00"

24,180 kip
1,510 kip

25,470 kip
1,590 kip

820 kip/ft
15,000 ft-1bs/degree

11.0" § x 0.625"

5380 kip
224 kip

232 kip/ft

22" ¢ (-500" to -2350')
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envelopes of all major response parameters. Furthermore, the
FDRISER program can investigate hydroelastic oscillation of a
riser due to vortex shedding and its susceptibility to undergo
such oscillations up to the 10th natural mode. The FDRISER
program assumes planar deflection and constant top tension.

Furthermore, the "CLEARANCE" program, which is a postprocessor of
the FDRISER, can be used to study riser interference/clearance
problems. This program has been developed specifically to
investigate interference/clearance problems with vertically
tensioned risers.

Preliminary Analysis
1) Top Tension Range

The goal of this task is to establish a reasonable top
tension range based on stress minimization for each riser.

The 1lowest allowable top tension (which corresponds to zero
tension at the bottom) does not necessarily imply minimum
combined stress 1level in the riser. As seen from Figure
6.3-1, the combined stress becomes minimum for a certain
combination of bending moment and axial tension which can be
jdentified by a parametric study comparing the results of

computer runs corresponding to different axial tension

levels.

It is estimated that a total number of eight or nine
computer runs will be sufficient to generate stress curves
similar to those shown in Figure 6.3-1 for each riser type.
These curves will lead to the identification of the
near-optimum top tension range for the particular riser
designs under consideration.




COMBINED

BENDING

0
n
Ll
o
—
n
o
Ll
2
o
L
o
n
L
)
-
<
>
o
<
-0
<C
L.
o
O
=

I I T 1 T T

—
INCREASING VALUES OF TOP TENSION

SELECTION OF A NEAR—-OPTIMUM RANGE
FOR TOP TENSION IN RISER SYSTEMS

FIGURE




6.3.2

6RISER

2) Sensitivity Analysis

A sensitivity test, with respect to variation of wave
height/period, will be carried out to define extreme sea
states. Accordingly, several sea states will be
considered. However, in an effort to minimize computer
costs, sensitivity studies for each riser type will be
limited to the range of near optimum top tension previously
established. It is anticipated that a total number of three
top tension values per riser per sea state will be
sufficient to assess sensitivity.

Analysis of Clearance Between Risers

Clearance studies will be performed to assess the possibility of
adjacent risers coming in contact as they oscillate in response
to the platform motions, waves, and currents. The FDRISER
program or another computer program with similar capabilities can
be used for this purpose. Clearance analysis will be performed
on extreme sea states defined in Paragraph 6.3.1 and with all
risers in place.

A variety of parametric simulations will be run for each type of
riser by varying both the top tension and the riser
configuration. In the FDRISER program, the amplitude of motion
at each node, along with the motion phase lag relative to the
wave, is evaluated. Since for this type of solution the motions
of all points of the system are assumed to be harmonic and of the
same period, knowing the amplitude and phase angle of each node
allows a pseudo-time history of the motion of the entire riser to
be calculated by stepping through the wave. Breaking the wave
cycle into many small increments and making the calculations
simultaneously for two adjacent risers will give a pseudo-time
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history of their relative motions. The CLEARANCE computer
program will accept the output of the FDRISER program to carry
out this analysis.

Figure 6.3-2 represents schematically the methodology adopted in
clearance analysis of two adjacent risers. One riser will be
placed up-current and another riser will be positioned in an
adjacent slot down-current with respect to the first one. Each
wave cycle will be broken into 72 increments (5 deg) for the
stepping-through process. The relative position of the outside
diameters of each riser pair being considered will be calculated
for these increments. The results will be scanned to locate the
minimum clearance. Then the top tension value of the up-current
riser will be changed, while tension on the down-current riser is
kept fixed. The stepping-through process will be repeated and
the minimum clearance will be found. Six different tensions for
the up-current riser will be tested against a fixed tension value
of a down-current riser. The minimum clearance results will be
plotted against top tension of the up-current riser. A family of
such curves for various top tensions of down-current risers will
be generated. Six different tensions for the down-current riser
will be used for generating this family of curves.

Next, the position of up-current and down-current risers will be
exchanged. The same parametric study mentioned above will be
performed and another family of curves will be generated. The
results of these two families of curves will be combined to
establish the conditions under which a riser can be located next
to another riser regardless of the current direction. Using a
bar chart format, all combinations of riser tensions which result
in interference are blocked out. The unshaded region in the
figure then represents the acceptable operating tension for the
two risers considered.
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The ability to identify tension settings to preclude interference
will be a direct function of the riser spacing on the TLP and
template and their outer diameters. Evidently, the analysis
starts with maximum allowable tension settings of both adjacent
risers. If for such a favorable condition an interference is
detected, then spacing on TLP and template will be deemed not
acceptable, and TLP and template design have to be modified to

provide a larger spacing between risers. .

Various combinations of adjacent risers of different
configurations will be considered. The number of computer runs
is different for each combination because some of the results
obtained in previous runs will be used for following
combinations.

Analysis of Clearance Between Risers and TLP Hull/Tendons

It is important to note that the spacing between adjacent risers
may not always be increased arbitrarily without causing new
problems. A wide riser spacing will result in a Tlarge
fire-restricted platform area. Furthermore, it may impose
restrictions on the design of the hull, not permitting any
bracing members in a Tlarge central area of the platform
substructure. In view of this, the possibility of contact
between the risers and the platform at Tlower hull diagonal
braces, wellbay levels, and pontoons will be investigated. It is
anticipated that no new riser analysis will be necessary and the
results of activities described in previous sections will be
sufficient to assess potential contact problems between hull and
risers. However, a post processing activity for monitoring
minimum spacing between risers and bracing or tendons will be
needed by using the CLEARANCE program.
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A riser located at the 1least favorable position will be
investigated. The maximum excursion at Tlower hull diagonal
braces and wellbay levels will be checked against structural data
for possible contact. Production, drilling, and sales risers at
six different tension settings will be studied.

Installation and Retrieval Analysis

One of the most critical times during which riser-to-riser,
riser-to-hull or riser-to-mooring interference may occur is when
the risers are being run or retrieved. When a current is
present, it causes the TLP to move down-current from the
template. With the TLP in this position, a riser being run
without guidelines would trail off down-current even more than
the platform and would surely contact any downstream risers,
hull, or mooring Tlines. Using a guideline system to run the
risers will help to position them within the existing array and
will help minimize the possibility of interference. Whether
interference occurs will depend on the severity of the
environmental conditions, the tension in the guidelines and the
configuration of the risers, along with the weight and size of
any equipment at the base of the riser.

The objective of this analysis is to address:

 Clearance problems during running and retrieval of risers.

Guidelines tensions.

Estimate the maximum sea state in which installation and
retrieval is possible.

The following conditions will be considered:
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1) Running the drilling riser with and without BOP stack.
2) Running 30" surface casing.
3) Running the production risers.

An accurate assessment of the degree of importance of each of the
parameters affecting installation and retrieval of risers would
require a Tlarge number of computer runs. However, it might be
possible to undertake a somewhat Timited study by confining the
attention to those cases that could establish significant trends
and provide other wuseful information. With this in mind, the
following methodology 1is proposed to develop recommendations for

installing and retrieving various risers.

The dynamic response of a running riser at four different running
lengths will be analyzed. The dynamic separation distance
between running riser and adjacent riser, hull and mooring lines
will be determined using the CLEARANCE program. The method of
minimum clearance computation is similar to that employed for
clearance analysis of two adjacent risers.

Study Approach

Two distinct stages of activities can be identified to organize
and perform recommended future work for this project. The first
stage represents the work required to initiate a Joint Industry
Project (JIP). A substantial amount of work is required to
prepare a JIP proposal, develop a scope of work which is
compatible with all prospective participants, organize meetings
with prospective participants, and manage the contractual and
financial arrangements. The second stage represents the work
carried out after the JIP kickoff meeting. The activities
corresponding to each stage are summarized in the following
sections. Figure 6.4-1 shows the schedule and cost estimates
required for carrying out the recommended future work for the
project.
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STAGE 1
Prepare a Proposal for Phase II
In this activity a comprehensive proposal will be prepared
which includes the detailed Scope of Work, deliverables, and
costs. Furthermore, a mailing 1list of potential
participants will be prepared as part of this activity.
Issue the Proposal to potential participants
In this activity, the potential participant will be advised
to indicate their intention to participant in a meeting to
discuss the scope and the possibility of a JIP.

Organize the first meeting with potential participants

In this meeting, the following major activities will be
carried out:

i) Presentation of the proposal
ii) Presentation of the prospective base case

iii) Presentation of the proposed analysis and assessment

approach
iv) Open discussion on the base case and analysis approach
v) Poll prospective participants to investigate the
degree of interest for the JIP.

Issue revisions of the proposal to the prospective
participants

6RISER
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As a result of the first meeting, revisions to the proposal
will be made and a revised proposal will be prepared.
Furthermore, in issuing the revisions, the prospective
participants will be advised to indicate their willingness
to participate in the JIP with a letter of intent.

Receive the letters of intent

A predetermined number of participants must reply positively
in order for the JIP to proceed.

Task 1 - Develop the prospective Base Case

The reason for carrying out this task in Stage 1 is based on
the fact that some of the participants may not agree with
the selection of the MCAPS TLP as the base case and the
subject of the study. Therefore, it is necessary to develop
and establish a new base case TLP on the basis of the
comments received during the first meeting or follow-up
contacts with the participants. In other words, the base
case TLP must be wunanimously approved by all the
participants.

If the MCAPS TLP is approved by the participants as the base
case TLP, then this activity will focus on the refinement
and gathering of additional data necessary for performance
of the JIP.

Additional work that will be carried out as part of this
activity consists of follow-up correspondence with committed
participants, search for additional participants, and
preparation of an outline for the analysis methodology to be
presented at the project kick-off meeting.
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0 Organize Kick-0ff Meeting
In this meeting, the following major activities will be
carried out:
i) A steering committee will be established
ii) The proposed base case TLP will be presented and
finalized _
iii) Agreement will be sought on the proposed outline of
the analysis methodology
iv) Agenda will be set-up for future meetings, schedules,
etc.
STAGE 2
0 Start Task 2 - Develop Analysis Methodology
In this activity the detailed analysis methodology will be
developed.
0 Start Task 3 - Apply the Methodology
The methodology developed 1in task 2 will be applied to the
base case TLP. The results will be presented in a draft
report and issued to the participants for comments and
discussion at the third meeting.
0 The third meeting will be held four weeks after the issuance

of the draft report. In this meeting the following major
activities will be undertaken:

i) Presentation of the results included in the draft
report
ii) Open discussion on the results
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iii) Recording of comments to be included in the final

report
iv) Presentation and finalization of the approach for
Task 4

Start Task 4 - Generalize Methodology

This task is basically concerned with the expansion and
generalization of the methodology applied to the base case
so it can be applied to other TLP configurations.
Additionally, a draft report on the results of the Task 4
will be prepared. .

Draft report on the results of Task 4 will be issued to the
participants. Participants will be advised to provide their
comments and will be invited to the fourth and final project
meeting.

The fourth project meeting will be held four weeks after
issuance of the draft report. In this meeting the following
major activities will be carried out:

i) Presentation of the results of Task 4
ii) Presentation of the summary results of JIP
iii) Discussion on the final draft report
iv) Recording of the comments to be included in the final
report.
Incorporate comments in the final report

Issue the final report

Conclude the project
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CONCLUDING REMARKS

In concluding this vreport, it is worthwhile to mention that the
design and operation of Floating Production Systems (FPS) for
deepwater application is still in its infancy. A great deal of
challenging engineering problems need to be solved before
stretching the 1limits of FPS beyond today’s analytical and
technological capabilities.

The results of this Tlimited study clearly indicate that the
risers are one of the most delicate components of a FPS and need
particular attention in design and deployment from a FPS.
Furthermore, the study shows that the riser system in a tension
leg platform based floating production systems (TLP-FPS) manifest
a greater potential to be involved in an interference event than
other Floating Production Systems. This is mainly because of the

way the nrisers are deployed in a TLP-FPS. This does not
necessarily rule out the possibility of riser interference in a
semisubmersible-based Floating Production System (SEMI-FPS).

However, 1in order to contain the scope of project within time and

budgetary constraints, the recommendation for future work
suggests that the main thrust of work should be directed to
studying the riser interference problem in a tension Tleg
platform.

In the report a methodology for analysis of interference is
presented. It is important to mention that this methodology is
not the only procedure to analyze this problem but merely
represents a viable approach. In the second phase of the study
several other options for analyzing the riser interference will
be sought and will be presented to the project sponsors and the
most appropriate method will be used to study the base case
platform.
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Another important factor which was not dealt with in the course
of this phase of study was the impact of hydroelastic oscillation
and vortex shedding on the interference problem. This subject
will be addressed in the future work for this project.

Probably the most important conclusion that can be drawn from
this phase of study is that the riser interference problem does
exists and TLP-FPS show a greater potential to be involved in a
riser interference situation. Furthermore, the results of the
study indicated that this problem will be compounded with
increasing water depth.

The consequences of the riser interference either from
operational or environmental stand points were beyond the scope
of this phase of study and were not discussed explicitly.
However, these important issues will be addressed in the second
phase of the study.
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Until recently the design of mooring systems and flexible risers was
unable to account for dynamic effects in the extreme load assessment.
Latest research has shown that the dynamic modification of the tensions in
the lines and risers can as large as the installed quasi static values. It
has also been shown that dynamic effects in the mooring lines can affect
the low frequency motions of the structure by the increase of virtual
stiffness. Newly developed 3D computational procedures are presented
describing the motion and bending moment along a flexible pipe or line, and
correlations with model test results are discussed.
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- Laying flexible pipelines over coral reefs in the Geisum Field, Gulf of
Suez, Egypt
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- The Geisum 0il Co. designed, manufactured, and installed a flexible
pipeline system in 10 months which connects a well platform and several
satellite well caissons to a permanently moored production tanker in the
Geisum Field, Gulf of Suez, offshore Egypt. The pipeline system traversed
an area covered with coral reefs with pinnacles and severe undulations
along coral ridges resulting in widely varying water depths. A steep
dropoff from 45 ft to 90 ft water depths occurred over 75 ft of horizontal
distance and another dropoff from 920 ft to 220 ft occurred over 575 ft of
distance. This paper discusses the installation problems and how they were
minimized by the use of flexible pipe for the entire pipeline system. Th1s
project was the first application of the "lazy wave" configuration of the
dynamic flexible riser to a tanker. The composite structure of the flexible
_pipe and riser,; and their manufacturing and installation are presented.
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Subsea wellheads can be subjected to extreme external loads when a
drilling or production riser remains connected during storm or vessel drive
off conditions. In additions vortex shedding from high currents and wave
action on drilling and production risers can subject the wellhead to high
cycle fatigue loads. These extreme loads and high cycle fatigue loads can
cause failure of the wellhead system when a fully cemented annulus between
the 30 inch conductor and 20 inch surface casing is not achieved. This
effect of cement shortfall is most damaging when the cement level is just
below the wellhead body/conductor housing region. Furposefully setting the
cement level far below the mudline can be a cost effective solution to the
unintentional cement shortfall problem.
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application -
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This paper describes the analytical process adopted for the preliminary
design of a deepwater hybrid riser system. The proposed system consists of
a rigid riser system spanning from articulated joint on the sea bed
manifold to a large diameter buoyancy chamber at a depth of 80m below mean
sea level. A flexible riser system is used for connection between the
subsea swivel at the top end of rigid riser and a quick connect/disconnect
coupling on the floating facility. It 1is considered that this type of
hybrid riser system is capable of providing a low cost solution for loading
and production/storage requirements for deepwater hostile environment
operations. A mixed Ffinite element formulation analysis tool is employed
for time domain analysis of the hybrid riser system sub ject to irregular
wave, current and surface vessel motions.
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Engineering Tokyo (Japan) 12-22 Apr 1986
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A method is developed for the static and dynamic analysis of flexible

.f‘iSEI‘"S and pipelines in the offshore environment under conditions of

arbitrarily large motions due to wave loading and vessel movements. A mixed
finite element formulation is adopted where the axial force is
independently interpolated and only combined with the corresponding axial
displacements via a Lagrangian constraint. An advantage of the resulting
hybrid beam element is that it may be applied to offshore components
varying from mooring lines or cables to pipelines with finite bending
stiffnesses. Results are presented for the motions and forces on a flexible
riser connecting a tanker to a subsea tower and also on a combined flexible

riser and subsea support buoy structure which is part of a floating
offshore production system.

11/776
88-03940

Deepwater multiwell subsea production system

Lim, J.S5.5 Barker, G.L.

Offshore Technology Conf., Houston, TX (USA)

18. Annual Offshore Technology Conference Houston, TX (USA) 5-8 May
1986

EIGHTEENTH ANNUAL OFFSHORE TECHNOLOGY CONFERENCE. 19846 FROCEEDINGS pp.
87-96, 1986

OTC, HOUSTON, TX (USA)

FROC. OFFSHORE TECHNOL. CONF., y i SUMMARY LANGUAGE - ENGLISH; 0OTC
S092.

Languages: ENGLISH

‘ Journal Announcement: V2ON3I

Subsea production system designs and field developments have sometimes
been restricted to a limited number of wells, due to a lack of confidence
in manifold systems, flowline connections, production riser capacities, and
difficulty with downhole and equipment maintenance. These problems are
magnified in deepwater. Because Gulf of Mexico deepwater fields will
probably require a large number of wells to develop, ARCO decided to
acquire a better understanding of these critical areas. Consequently, Vetco
Gray and ARCO examined subsea production alternatives, and developed
solutions to the problem areas, described herein. This study provides a
reference for future field development, and illustrates the versatility and
flexibility of subsea technology.
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This papetr describes the Flexible Froduction Riser system for use in




North Sea conditions on the Balmoral Field. This paper first recalls the
project requirements and how these requirements have been implemented into
the design through the various steps of the engineering phasey, i.e. model
basin test, static and dynamic analyses, service life evaluation and
interface with the floating production vessel. A description of the

components of the rtriser system follows. The installation, operation and
maintenance procedures are also discussed.
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This paper presents the experimental results of a joint industry riser
test program. Over a five-year period, an extensive experimental
investigation of hydrodynamic loads acting on various production risers was
carried out. The program included the laboratory testing of many multitube
riser configurations as well as a single cylinder.
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Stress analysis of marine risers under lock-in condition

Larseny, C.M.; Bech, A.; Chungy J.S.; Yoshida, K.j; Sparks, C.P.; Tsahalis,
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A procedure for static and dynamic analysis of marine risers under
lock—in condition 1in constant current has been developed. The method is
based upon results from experiments with flexible supported riser sections
and calculation of natural frequencies and modeshapes for the full-length
riser. The procedure is implemented in a computer program where test
results are built-in as a data base for several types of cross sections and
curtrent velocity parameters. A finite element model of the riser is used
for computation of static response, modeshapes, natural frequencies and
stresses. Results from the computer program indicate that static response
in current can be dramatically increased during lock-in, and that bending
stresses caused by lock-in can have a significant impact on fatigue 1life.
Another observation is that difficulties can occur during marine operations
such as docking of subsea modules due to large oscillation amplitudes at
the lower riser end. .

11/7/10
8606152

Design, testing and operation of the production riser connectors for the
Hutton Field
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The background to the main design decisions and the method of analysis
are described. Tests were designed to verifiy the static strength and
fatigue 1life of the connector and to establish a torquing procedure which
would ensure the requitred preload. The connector sustained the specified
proof loading and an overload without damage. Torque/rotation/preload
relations are given. The specified service fatigue spectrum was applied to
each of three specimens for the equivalent of 60 years without any cracking
being detected. Increasing levels of constant amplitude loading were then
applied to one specimen to establish the approximate life and the mode of
cracking. The torquing trials led to an operational procedure in which
torque and rotation are measured. Operational torque/rotation measurements
are reviewed and suggestions are made whereby the control system might be
improved. Hutton Field is in the UK Sector of the North Sea.
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Nonlinear analysis of flexible risers using hybrid finite elements
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A method is developed for the two-dimensional static and dynamic analysis
of flexible risers and pipelines in the offshore environment under
conditions of arbitrarily large motions due to wave loading and vessel
movements., A mixed finite element formulation is adopted where the axial
force is independently interpolated and only combined with the correponding
axial displacements via a Lagrangian constraint. An advantage of the
resulting hybrid beam element is that it may be applied to offshore
components varying from mooring lines or cables to Pipelines with finite
bending stiffnesses. Results are presented for the motions and forces on a
flexible riser connecting a tanker to a subsea tower and also on a combined
flexible riser and subsea support buoy structure which is part of a
floating offshore production system.
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In this paper a catenary flexible riser system is studied in relation to
a typical field development in the North Sea. Such systems exhibit
behaviour which is more complex and difficult to determine than for a rigid
vertical riser. The paper first presents simple and approximate formulae
developed by catenary theory. Catenary solutions accurately describe the
shapey tensions and inclinations of a riser if its flexural stiffness is
low. A formal asymptotic expansion is then presented and this method is
applied to the non-linear behaviour of a long, flexible riser. The paper
develops the governing equations for the non-linear dynamic analysis of a
flexible riser system and outlines one method of solution based on a finite
element approach. A series of model tank tests were carriet out in a wave
flume in order to observe the non-linear response of the flexible riser
system. The system consisted of a flexible pipe suspended in a catenary
between a subsurface buoy and a surface buoy. These tests were designed to
cover different waves including both operating and severe environmental
conditions.
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Nonlinear dynamic analysis of flexible riserg during environmental
loading _

Hanseny, H.T.3j Bergan, F.G.3 Chungy J.S.5 Yoshida, k.5 Sparks, C.F.;
Tsahaliss D.T. (eds.)

Inst. Stat.y Trondheims Norway

S. International Offshore Mechanics and Arctic Engineering (OMAE)
Symposium Tokyo (Japan) 13-18 Apr 1986
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A method for computation of forces from waved and current on bar and beam
type structures during large displacement and large rotational motion is
presented. Two types of stationary waves are considered: Airy wave theory
and Stokes "Sth order theory". Short term sea states are also generated
from wave spectra using linear wave theory and stochastic processing. From
this particle velocity and acceleration histories are generated in a
three—-dimensional grid that encompasses the entire structure. The forces on
the structure are then derived from the relative motion between the water
particles and the dynamically responding structure using the socalled
Morison equation. The paper presents the simulation in time of the dynamic
response of a flexible riser during loading from waves and current.
Graphical display of the large amplitude response as well as some
statistical treatment of the results are given.
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A method for computation of buoyancy forces on cable and bean type
structures is presented. A general large displacement formulation which
allows for displacements and rotations of unlimited size is assumed. The
finite deformation bending of flexible risers may be very large. Second
order hydrostatic pressure effects due to the curvature may therefore be of
particular importance for flexible risers. Alternative ways of introducing
hydrostatic nodal forces are discussed. Equilibrating forces for nodal
points as well as incremental force-displacement relationships are given.
Alternative ways of making the geometric load correlation materisx symmetric
for incremental analysis is discussed. Different solution strategies for
finding the resting position of a riser by starting with stratight sections
are discussed. The paper presents some examples of static flexible riser
analysis. '
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Unique triple tubing riser developed for completion and production
testing subsea wells

Bates, J.B.; Saunders, D.N.
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This paper describes the design, manufacture and operation of a simple,
tubin-based, triple bore riser used for the initial completion of the
Shell-Esso Underwater Manifold Centre (UMC) wells. The design demonstrates
the wuse of standard well tubular goods and couplings in a completion riser
system requiring special end terminations only. The novel design of these
riser end terminations permitted timely manufacture of the components
required to complete the riser system. The installation technique and
operation of the riser in service is reviewed and solutions to the several
problems encountered are presented. The paper concludes that a relatively
simple and low cost alternative to a multibore integral riser system has
been proved by its successful operation.
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The design and analysis of a TLF 9 5/8-in. threaded connection

Valka, W.A.; Fox, S.A.
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' The design of a 9-5/8 inch threaded connection for long-term production

applications is presented. The threaded connection was designed for joining
sections of 9-5/8 inch production riser for a tension leg platform in 1,600




feet of water for the Santa Barbara Channel. The connection utilizes a

tapered thread profile, a preloaded external shoulder and a primary

metal-to-metal pressure seal at the nose of the pin. The following items

were evaluated for the threaded connection using finite element analysis

and the results are presented: the ability to transmit the applied static

loads, the ability to survive the applied cyclic loads and the ability to
‘maintain a seal under all load conditions.
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The subsea wellhead for a tension leg platform application may be
subjected to large external loads when the drilling riser remains connected
during the 100 year storm. In addition, because the subsea wellhead is tied
back to the platform for production, it must withstand a large number of
smaller loads induced by the production riser. Therefore, the design of the
wellhead requires the consideration of both large external and cyclic
fatigue loadings. This paper will discuss the mechanism of load transfer,
analytical techniques, and component design considerations. -
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Frototype development of a TLF production riser tieback connector
Crotwelly G.W.; Knerr, E.R.; Valka, W.A.; Miller, C.A.
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A remotely operated mechanical tieback connector and retrievable
hydraulic tool, for tying back subsea wellheads to a tension leg platform,
have been developed and prototype tested. The connector transmits riser
loads to the wellhead and seals inside the 9-5/8" casing hanger. The
connector is rated for 10,000 psi and has a 30 year service life and a 100
year fatigue life. The retrievable hydraulic tool provides the operating
force to lock and unlock the connector. The development of the tieback
connector and tool is presented with a description of the method of
analysis, the metal-—-to-metal seal utilized in the connector and the
praototype test results.
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A consistent, large~amplitude analysis of the coupled response of a TLF
‘and tendon system
Faulling, J.R.§ Webster, W.C.j; Chung, J.S.3 Yoshida, K.; Sparks, C.F.;
Tsahalis, D.T. (eds.)
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The tension leg platform, together with its mooring tendons and drilling
or production risers, forms a dynamic system with an infinity of degrees of
freedom. In the deep water applications for which it is anticipated that
TLP’s will be the most attractive, the mass of the moorings and risers may
be appreciable in comparison with the platform masss and there will
probably be considerable dynamic interaction between the two systems. The
present paper presents a consistent, nonlinear procedure for the prediction
of the large—amplitude coupled motions which result from the action of
wind, waves and cuwrrents on the platform and risers, '
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Lightweight composite production risers for a deep water tension leg
platform

Sparks, C.F.j7 Chung, J.S.5 Yoshida, k.; Sparks, C.F.} Tsahalis, D.T.
(eds.)
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This paper describes the architecture of the individual composite
production risers of the PLTB 1000 concrete tension leg platform, designed’
for S00-1000m water depthss and presents the design procedure that
determines their dimensions. It emphasises the important influence of riser
apparent weight on platform payload. It shows that TFLs are more sensitive
to such weight than they are to structural deadload. Methods of calculating
the equivalent elastic characteristics of composite tubes are presented.
These  characteristics allow wellheads to be fivxed at deck level without
continual compensation of vertical relative movements. Each wellhead has to
be installed on passive jacks to allow periodic adjustment of mean riser
tension. The paper describes ways of designing the tubes so as to limit the
required stroke of the jacks. The principal factors leading to differential

profiles between adjacent risers are identified and their relative
influence discussed. It is shown that individual production risers are
valid proposition in 1000 m of watery if they are fabricated from

lightweight, high strength composite materials.
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Large deformation three-dimensional static analysis of deep water marine
risers

Bernitsas, M.M.; Kokarakis, J.E.3 Imron, A.
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The problem of static three-dimensionaly, nonlinear, large deformation
response of a marine riser is formulated within small strain theory and
solved numerically. This type of analysis is necessatys for the new
generation of drilling and production risers. The mathematical model takes
into account the effects of internal and external pressure and the complete
nonlinear boundary conditions, without linearizing the follower forces. The
extensibility or inextensibility condition is used as the constitutive
relation in the tangential direction. Torsion and bending are coupled. The
external load and the boundary conditions are deformation dependent.

11/7/722
84-09988 _

Theoretical and experimental prediction of the response of marine riser
model subjected to sinusoid excitation of its top end with amplitude of two
diameters orthogonal to a uniform stream of speed equal to 240 mm/s

Fatrikalakis, N.M.;j Chryssostomidis, C.

Massachusetts Inst. of Technology, Cambridge (USA). Sea Grant Coll.
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The objective of this report is to provide an analysis of the
experimental results obtained from a I m flexible riser model with its top
end oscillated harmonically with an amplitude of two diameters orthogonal
to a uniform stream which is constant with depth and of speed equal to 240
mm/sy and a comparison of the experimental results from the flexible model
with theoretical predictions of the response based on rigid cylinder

‘exper imental results.
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Theoretical and experimental prediction of the response of a marine riser
model subjected to sinusoid excitation of its top and with amplitude of two
diameters parallel to a uniform stream of speed equal to 120 mm/s

Chryssostomidis, C.; Patrikalakis, N.M.

Massachusetts Inst. of Technology, Cambridge (USA). Sea Grant Coll.
Program

REF. MASS. INST. TECHNOL. SEA GRANT FROGRAM 1983 -

SUMMARY LANGUAGE - ENGLISH; NTIS Order No.: FPB83-210328. Grant
NAB81AA-D-00069.

Languages: ENGLISH

Journal Announcement: VZ21IN&

The objective of this report is to provide an analysis of the
experimental results obtained from a I m flexible riser model with its top
end oscillated hamonically with an amplitude of two diameters parallel to a
uniform stream which is constant with depth and of speed equal to 120 mm/s,
and a comparison of the experimental results from the flexible model with
theoretical predictions of the response based on rigid cylinder
experimental results.
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Theoretical and experimental prediction of the response of a marine riser
model subjected to sinusoid excitation of its top end with amplitude of two
diameters parallel to a uniform stream of speed equal to 240 mm/s

Chryssostomidis, C.j Fatrikalakis, N.M.
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The objective of this report is to provide an analysis of the
experimental results obtained from a T m flexible riser model with its top
end oscillated harmorically with an amplitude of two diameters parallel to
a uniform stream which is constant with depth and of speed equal to 240
mm/ss  and a comparison of the experimental results from the flexible model

with theoretical predictions of the response based on trigid cylinder
experimental results,
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Theoretical and experimental prediction of the response of a marine riser
model subjected to sinusoid excitation of its top end with amplitude of two
diameters orthogonal to a uniform stream of speed equal to 120 mm/s

Fatrikalakis, N.M.,; Chryssostomidis, C.

Massachusetts Inst. of Technology, Cambridge (USA). Sea Grant Coll.
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The objective of this report is to provide an analysis of the
experimental tesults obtained from a T m flexible ricser model with its top
end oscillated harmonically with an amplitude of two diameters orthogonal
to a uniform stream which is constant with depth and of speed equal to 120
mm/sy, and a comparison of the experimental results from the flexible model

with theoretical predictions of the response based on rigid cylinder
experimental results.
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Theoretical and experimental prediction of the response of a marine riser
model subjected to sinusoid excitation of its top end with amplitude equal
to two diameters

Chryssostomidis, C.3; Fatrikalakis, N.M.} Vrakas, E.A.

Massachusetts Inst. of Technology, Cambridge (USA). Sea Grant Coll.
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REF. MASS. INST. TECHNOL. SEA GRANT FROGRAM 1983 '

SUMMARY LANGUAGE - ENGLISH; NTIS Order No.: FBEB3I-210575; NOAA-8I0O52505;
Grant NAB1AA-D-00069. :

Languages: ENGLISH

Journal Announcement: V21iN6 .

The objective of this report 1is to provide an analysis of the
experimental results obtained from a 2 m flexible riser model with its top
end oscillated harmonically with an amplitude equal to two diameters, and a
comparison of the experimental results from the flexible model with
theoretical predictions of the response based on rigid and flexibly mounted
rigid cylinder experimental results.

1177727
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Modern production risers. Fart 1
Cowan,s R.; Horton, E.E. ’
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Designed for drilling and producing in water depths of 1,500 to 10,000

ft, buoyant towers promise to open up the deep ocean basins for
‘development. '
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Arbitrarily large static and dynamic motions of drilling and production
risers

McNamaray J.F.§ Joyce, F.J.; Gilroy, J.F.
University Coll. Galway, Ireland
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A general approach for computing finite dynamic motions and associated
stresses in drilling and production risers under wave loading and vessel
motions is described. The method is based on convected coordinates for
modelling the large motions and all terms due to hydrodynamic, buoyancy,
and gravity forces are readily accommodated using this formulation within
the context of a finite element structural discretization. The time
integration scheme is selected on the basis of its efficiency and
stability, and the solution scheme is further optimized by the manner in
which the large rigid body motion effects are included as a load term in
the nonlinear equilibrium equations. The method is further extended to the
simulation of the behaviour of multi-line production tiser bundles where
each line is considered as a separate structural component and only tied at
intervals to its adjoining lines.
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A production riser, for this presentation, is a means of connecting wells
on the seafloor with production treatment facilities on a floating vessel.
The production riser transmits produced fluids, injection water or gas, TFL
tools,y chemicals and hydraulic control fluidsy, and in some instancess moors
the production vessel. The intent of the present paper is to describe the
alternative systems in use or proposed, and review the "“"state-of-the-art"

in design and equipment. For classification purposes, three broad
categories of production risers will be presented: vertical tensioned
risers, buoyant structural risers, and catenary riser systems. The

advantagess disadvantages and ranges of applicability of each will be
discussed.
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Titanium stress joint for marine risers
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In the offshore oil and gas industry, although some of its properties are
attractive for and compatible with long term, severe subsea structural
applications, the use of titanium has been limited primarily to
withstanding corrosive environments. In this paper, such a much needed
structural application is discussed which has been exhaustively studied,
analyzed and tested over the past four years. The incorporation of the
proposed design into working production  riser systems whose hardware
requirements are beyond the capabilities of current structural steel
components, would pave the way for the introduction of titanium into other
offshore structural egquipment.
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Application of fllament -wound composite tubes to production risers
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With the development of fields in very deep water, foreseen for the near
future, the weight of the riser will become a significant parameter in its
design. The mechanical - strength of certain materials composed of
high-performance fibers embedded in a resin matrix can be as high as that
of steel; their weight is lower, and they are less sensitive to corrosion
by many chemical agents. For deep offshore applications, the lightness of
composite materials constitutes a further and essential advantage. A
research program has been developed by IFP, in association with SNIAS,
which has acquired a Z20-year expertise in filament-wound components in
order to design, manufacture and test tubes capable of supporting high
internal pressure and axial tension. These composite tubes and their
principal properties are described in this paper. Their mechanical behavior
has been verified by many tests, carried out under various loadings. The
influence of their properties on production-riser design is then discussed.
Lasty, some applications of this new technology to other components of a
production riser are considered, but Ffurther research is needed to be
completely sure of their feasibility. These applications are expected to
lead to significant improvements in the performance of production risers.
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Sea bed to surface connections in very deep water: Dynamic production
riser

Dumays J.—M.
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The most viable solution for developing deep water fields would seem, at
the present time, to be a system whereby the crude is produced via a number
of sub sea satellite wells, transported through flowline networks to be
processed on semi-submersible production platforms and then transferred to
loading facilities. Crucial factors of this type of development program are
the dynamic type of liaisons necessary to flow the production between the
sea bed and surface installations, and the difficulty in installing pipes
and  in  carrying out sub sea works in deep water. For these important
functions, Coflexip risers are now used worldwide in water depths of up to
- 200 meters. This paper describes the main problems encountered, and some

possible solutions, with regard to pipe structures and pipe installation in
deep waters.

11/7/733
83-08183 .

Random dynamic response of a tethered buoyant platform production riser

Etok, E.U.5 Kirk, C.L.35 Kirk, C.L. (ed.)
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A new normal mode spectral analysis method is presented for calculating
r.m.s. riser deflections, bending stresses and lower ball joint angles.
Forces on the riser consist of! (a) non-linear fluid drag taking account of
the relative velocity due to tethered buoyant platform (TBF) motion, riser
elastic deflection and wave induced fluid velocity, (b) wave induced fluid
acceleration, (c) inertia forces due to TBF acceleration, and (d) buoyancy.
The non-linear fluid drag forces are linearized using Tung and Wu's
approximation based on the r.m.s. relative fluid velocity and current. A
wide range of results is presented for risers in water depths up to 1000 m
and to 1000 m and it is observed that 6 normal modes are sufficient for
calculating bending stresses. A static analysis is also presented for
bending stresses due to wave and current induced drag forces and riser
offset.
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On the dynamics of production risers
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This paper presents some results from an investigation into the




structural and fluid loading aspects of single and multi-tube production
risers. Two methods of structural analysis are outlined; the first is an
extension of conventional drilling riser practice and employs an
equivalencing technique for transforming the physical properties of a riser
of complex cross-section to that of an equivalent single tube drilling
riser. A second methody based on a fuller finite element structural
analysis of the riser is also described. The paper presents results of
large scale tests for a marine riser of circular cross—-section. These large
scale tests were performed for 1:23 scale risers in 7.6m water depth with a
model semisubmersible surface platform. Measurements of wave elevation,
surface platform surge together with in line (to the wave direction) and
transverse displacements and bending stresses at several stations along the
riser length are compared with a two dimensional finite element
computation.
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Multiple String Froduction Riser Analyses - A Comparison of Methods
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A comparison is made between two techniques for computer modeling of
multi—-tube wmarine riser production systems. One technique models the
multi-tube system as a single equivalent riser, while the other technigue
simultaneously models the individual risers in the system and their
structural ties. The riser equations of motion, multi-tube riser modeling
considerations, and sample comparison results are presented. Results
demonstrate that both riser system modeling techniques have limitations and
that the ultimate choice of technique will depend upon accuracy and
economic constraints.
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A Jjoint development program by Exxon Froduction Research Company and
Aeroquip Corporation produced a unique flowline swivel for high pressure
(6,000 psig (41,370 kFa)) natural gas service under continuous, small
degree rotation, oscillating service. The swivel uses an elastomeric
bearing element made up of alternate, frustro-conical shaped rings of metal
and rubber (elastomer) to absorb continuous small degree ( plus or minus S
degree to plus or minus & degree ) rotary oscillations or flexures of the




swivel. A 6-in (132.4 mm), 6,000 psig (41,370 kPa) prototype successfully
passed a rigorous qualification test program which included one million
cycles of flexure (from O degree to + 4 1/2 degree to - 4 1/2 degree and
back to © degree ) at a rate of five cycles per minute. The test program
also included a pressurized "soak" test with methane containing 10 per cent
(by volume) hydrogen sulfide. The swivel should be useful in offshore
marine production riser systems and loading terminals or any application
involving continuous small degree motions.
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An Articulated Multiline Froduction Riser for Deepwater Application

Ortloff, J.E.; Caldwell, J.B.; Teers, M.L.; Kozik, T.J.; Mann, R.T.}
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The need to produce 0il and gas in water depths beyond the physical and
economical limits of fixed platforms and pipelines has led to the
development of a feasible concept for an articulated multiline flexible
marine production riser system. This paper covers the history of the
concept development from inception to readiness for engineering design and
fabrication of a prototype test models
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A multiline marine production riser and floating production, storage, and
terminal facility may be required for economic development of oil and gas
reserves in remote, deep water locations. A deep water production riser
design has evolved through study, analyses, and model testing. In order to
gain experience, development confidence, and improve the riser design prior
to commercial application, a prototype has been built for testing as part
of Exxon’s Submerged Froduction System offshore test in the GBulf of Mexico.
This paper treats the design, manufacture, and installation of the
prototype multiline marine production riser system.
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Tapered columns are widely accepted as a preferred method of controlling
bending stresses at the lower end of production risers. In addition, they
eliminate doglegs, which develop in flexible joints, and produce a smooth
curvature between marine risers and well 1leads. This paper gives a
calculation method for determining dimensions of tapered columns. Example
calculations show how this method is used to produce a stress balanced
design.
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A System for Surveillance of Deflection and Stress in Flexible Risers for
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This paper presents a proposed system for monitoring the deflection and
stesses in a marine riser. A mathematical model suitable for on line
estimation of riser profile (riser angle) using a Kalman filter technique
has been developed. Wave forces are considered as process noise and the
parameters in a wave model (wave spectrum) are estimated if a wave height
measurement is available. Input to the system can be riser angle or riser
velocity at the top of the riser and at some position along the riser
profile. Based on these measurements, the instantaneous riser profile is
estimated on line. Output from the system can be: Instantaneous deflection
and the load conditions (stress) along the riser profile; Maximum and
minimum deflection and stress along the riser profile (envelope) within a
preset time period;j Accumulated fatigue along the riser profile.
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The Dorada Field Froduction Risers
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The Dorada Field floating production system, located offshore Spain in
310 ft of water in the Mediterransan Seas; utilizes three individual
production risers. This paper outlines the riser analysis methodology,

2y




identifies several new aspects of production riser design analysis,
describes some pertinent results, and discusses the riser instrumentation
system - developed to verify these results. The riser analysis utilized a
time-domain finite element program to predict survival state conditions and
develop stress transfer functions. The fatigue analysis assessed both the
familiar wave-frequency fatigue damage and damage due to wind-gust induced
'low—fr*equency vessel motion. A riser instrumentation system was designed
installed to assist in production riser operations and to provide data
validating riser analysis models. Local riser stresses, flex—joint

angles; vessel motions, and environmental factors are measured by the

system. The results of a preliminary comparison between predicted and
measured results are presented.
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Dorada Field Froduction System: A Solution to Individual Fermanent
Vertical Access to Several Wells From a Semi-Submersible

Montoya, L.S5.§ Lopez-Fanjul, G.M.
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Water drive reservoirs of small size, such as the Dorada Field, require
frequent wire—-line and stimulation operations. Individual permanent
vertical access to each well from the semi must be provided to carry out
the frequent down—-hole operations required, without affecting the

) Prroduction of the wells not being worked-over. This paper describes the

first functional installation of individual production risers from a
three-well cluster to a semi-submersible. It outlines the alternatives
consideredy, the design criteria, the computer analysis developed, the
equipment used and the instrumentation system for monitoring critical riser
and rig parameters. Three innovations which are prototype for production
risers have been introduced for each well in the Dorada Froject: a flex
Jjoint = installed between the sub-sea tree and the riser, a threaded riser,
and the tensioning system devised for it. '
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Morgan, G.W.
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As production risers become longer, and as their support buoys become
larger, it is increasingly important to determine the appropriate
characteristics of the net vertical support forces associated with various
buoy configurations. . The engineer must develop an appreciation for force
contributions related to the geometries of typical buoy shapes. Some buoy
configurations impart large fluctuations in support force with the passing
of high—amplitude waves, while other designs may maintain a more evenly
distributed uplift throughout the wave cycle. From the standpoint of
fatigue degradation, for long periods of production service, studies of
force fluctuations in riser structures should not be overlooked. Also, from




the viewpoint of riser analysis input, dynamic variations in support
tension which result from a particular buoy configuration (assuming, of

coursey that major support Ffor the given riser is by means of buoy
flotation) must be specified properly.
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Modern Froduction Risers; FPart 7 - Historical Review of Technological
Development

Morgan, G.W.

FETRO. ENG. INT VOL. 53, NO. 4, PP. 26-27, Z0+,. 1981
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It has sometimes been assumed, in recent years, that design techniques
and corresponding analytical methods for production risers can be directly
extrapolated from those used in the past for drilling risers. Major
differences exist, both in the physical attributes of the structures and in
their analytical methodologies. If one may judge from the past, hardware
designs for offshore exploration and production have developed along two
sepatate lines:! (1.) carefully planned experimental programs, followed by
detailed design and analysis studies, and (2.) the so-called "expedient"

apptroach, in which design compromises are accepted under the urgency of the
moment.
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Modern Froduction Risers Fart 8 - Analysis of Articulated Froduction
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Cowan, R. . ' -

Lockheed Missiles and Space Co., Sunnyvale, CA

FETROLEUM ENGINEER INT. VOL. 53, NO, & , 1981

Languages: ENGLISH -

Journal Announcement: V18N4

Technological advances have not only occurred in the hardware aspects of
offshore oil and gas production systems, but also in the analytical methods
to predict the behavior of the production riser. Most modern mathematical
solution techniques use computers and numerical analyses. Computers enable
the modern engineer to perform analyses in rigorous detail. Computations
once considered too expensive and time consuming now are routine and
necessary to evaluate modern production riser systems. Most riser computer
programs allow for variations in input data to evaluate design parameters
of the system in terms of the ability to withstand loading conditions
imposed by the environment and operational requirements.
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Morgan, G.W.
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The type and arrangement of a riser base section is detemined to a great
extent by hydraulic, mechanical, structural, and geotechnical parameters.
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Six tables of systems-drilling; well completion; pipelines, flowlines,
and control cablej production riser and manifold; tanker loading facilitys
multi-well manifold centers—identify activities requitring underwater
intervention. Information includes the activity, visual capability, degree
of manipulation, and other intervention required. The general conclusion is
that good visual capability and dextrous manipulation are often required at
present. Good design and extensive on-surface inspections and testing are
recommended to save dives and possibly lives. (FT)
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Four new design-research projects by Frogressive Froduction Technology to
study the effectiveness of tanker-based marginal and other offshore
production operations are reviewed. Three use essentially the same
dynamically positioned (DF) tanker concept. Projects shown in schematics
and discussed include the DF Bee similar to BFs SWOFS and generally using a
flexible riserj the DF North Sea Dragon using a catenary flexible riser
with or without a double 1''S$S'*? bend; the DF MFT (Marginal Froduction
Tanker) 100 for severe waters and using a flowline support buoy (FSE)
concept; and the MFT 50 for moderate waters using a FSE concept .and
conventional rather than DF anchoring technology. One still unresolved
question is the lifespan of flexible risers in dynamic applications. The
overall goal 1is a flexible and economic solution for limited offshore
production situations. (FT)
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Floating production facility (FPF) will go on stream in the near future
in Buchan Field, a small reserve in the North Sea's UK sector. The
technological breakthrough making Buchan a viable project came in 1975 when
the 1st FFF was commissioned at Argyll Field, =120 mi SE of Buchan.
Descriptions are given of the subsea template, subsea trees, production
tiser, control system, corrosion protection, and project schedule. Although
the development scheme features no complex technological breakthrough, it
does represent a steady but significant advance in the FFF learning curve.
The step-wise evolution from Argyll Field minimizes the possibility of any
major problems occurring and should ensure another successful production
operatiaon. (FT)
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A recent subsea manifold and production template and also a wellhead
cover in concrete proposed by Norwegian Contractors (NC) and recent designs
and trends in marine production risers are described. NC's solutions are
novel because of their toroidal shape, the use of gravity anchorages, and
the use of concrete. Any size unit can be built. The units are built in a
graving dock and floated out normally. Advantages include the promise of
early productiony, usefulness at greater depths; and subsea accommodation
for oil-processing equipment in a 1-atm state. No NC structures are yet in
use. Four developments in marine risers evaluated include a segmented
tension or nonintegral riser from Sedco-Hamilton, SALM, a fully articulated
tower, and single anchor leg storage. Drawbacks in each method limiting its
applications are discussed. Choice depends on duty and location of the
risery, the method of service and maintenance after installation, and the
expected service life of the chosen flexible sections and joints of the
subsea end of the riser. Experience gained in the field with each method is
reported. The development of mechanical joints, mechanical swivels, and
instrumentation is described. Maintenance economics of the methods are
compared. (FT)
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Amoco International 0il Co. and Amoco Froduction Co. have developed and
engineered a new deepwater drilling and production platform called the
Vertically Mootred Flatform (VUMF). It allows production of established
offshore fields in water depths from 800 to 3,000 ft. A major advantage of
the VMF design is the riser assembly system composed of tubular risers,
providing the .primary structural mooring and the conductors through which
the wells are drilled. Essentially conventional offshore platform drilling,
completion, production, and workover operations are conducted from the VMF
deck. Ready access to wells provides a high degree of safety, reliability
and of well maintenance to minimize well problems and downtime. The VMF is
a large semisubmersible structure from which drilling and production
operations are conducted. The bending flexibility of the long riser system
permits the platform to move horizontally with storm waves so that large
structural forces are avoided. The VMP is compliant but is designed as a
permanent structure. All structural elements have been engineered for
strength and protection against fatigue and corrosion. The VMP can be
retrieved and used at other locations. VMP costs are relatively insensitive
to water depth increases. Selected major engineering contractors are being
provided with the Amoco VMF technology and are authorized to perform VMP

.engineer*in,g studies for clients, and VMF designs for licensed operators. ¢
FT)
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Exxon’s deepwater production terminal, applicable for use in water depths
KS,000 ft and ' in rough weather environments, consists of a Single Anchor
Leg Mooring (SALM) production riser and a floating storage tanker with
production facilities on board. The separated gas and water are disposed of
by reinjection into the formation. Shuttle tankers offload the crude oil by
tandem mooring to the storage tanker. The broad concepts of the riser
system are described including the design criteria. Exxon has conducted
extensive model tests and analyses on this system to assess its feasibility
and has designed several SALM systems for various parts of the world. The
design of a new structural system requires establishing design criteria
consistent with good engineering practice and safety considerations. The
Exxon riser system design criteria has been developed using established
codes and emerging code requirements for offshore loading terminals
modified to fit the functional and structural characteristics of the Exxon
SALM. (AM)
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The Hydril Annu-Flex, an integral elastomeric flexible riser connection
available in 16%/4-in and 183/4-in siczes, is discussed. Its early
developmental history from 1963 by the Lockheed Fropulsion Co. is
considered. The testing program for the “Lockseal" included the following 4
phases: demonstration of structural capability of the connector and
provision of the initial spring rate data of the elastomer element;
checking the flex Jjoint'’s structural integrity; testing the hydrostatic
pressure at 24000 psig for 24 hr with no pressure change, and
pressurization to 2,000 psigi: and actuation F4deg for 550 cycles. The flex
joint has a working tension capacity of 1 million 1b at a rated working
pressure of 1,300 psi and a maximum pull capability of 1,500,000 1lb. It
provides for NFlOdeg of flexure. The self-centering joint has restoring
flexure and is unaffected by changes in tension and pressure. Vibration
dampening to the stack and marine riser is provided. There are no sliding
parts to wear or gall, nor is lubrication or pressure balancing required.
Reduction of required top tension in the marine riser where the ball Joint
angle is the governing factor is provided. The components of the system are
a combination BOF and flexible riser connector. The Hydril GL annular EOF,
designed and developed for subsea and deep-well applications, contains only
2 movable parts-the piston and the packing unit. 0il States Rubber
Company’s Flex Joint-as used in the Hydril Annu-Flex is constructed of




" alternate layers of spherically shaped rubber and metal. Flex Joint
applications and the elastomeric bearing principles are discussed. (FT)
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Exxon's new production terminal features a SALM production riser and a
floating storage tanker with production facilities on board. It can operate
in rough water depths of K35,000 ft., Separated gas and water are reinjected
into the formation, and shuttle tankers offload the crude oil via tandem
mooring to the storage tanker. The SALM riser moors the storage vessel,
acts as a support for the Ffluid lines, and serves as a support for
communication lines leading to subsea production equipment. Numerous
offshore loading terminals have been modified to fit the functional and
structural characteristics of Exxon’s SALM system. The riser uses an
above-water hinged stationary arm to permanently moor a storage tanker to
the SALM. Multiline fluid swivels and electrical swivels are situated above
water and are reachable for inspection and maintenance via the rigid arm,
The arm itself can be conveniently inspected and serviced. The major
structural components of the SALM system are the pile~-founded or gravity
basesy the upper and lower universal jointsy riser,y buoy, mooring turntable
and -piteh piny, roll piny rigid mooring arm, and hinge connector to the
tanker. Installation proceduwres for the SALM riser are discussed.
Descriptions and functions of the components are detailed along with an
account of a riser dynamic analysis program and a fatigue analysis program
used to design the riser. (FT)

11/7/39
79-01192

Santa Barbara GALM-A prototype deepwater production riser and floating
production system.

Wolframs W. R.§5 Lawy T. E.

Exxon Corp.s Exxon Froduction Research Co., F.0. Box 2189, Houston, TX
77001

Vol. 2 PP. 781-788

illus. refs.

79-01104 Abs.

Languages: ENGLISH

Doc Type: CONFERENCE FAFER

11/7/760
79-008BL6 .

International report: The Netherlands.

Hui jskens, J. FP. H.; Suyderhoud, J.3 Goldan, M.; et al.

Industrial Council for Oceanology

OCEAN INDUSTRY 13(4), F13-335, Apr. 1978 Coden: OCIDAF

illus. no refs.

Sum.

Languages! ENGLISH

Doc Type: JOURNAL FAFER

' Technical advancem=nts 1in the offshore industry made by Dutch companies

during the past year briefly discussed include the following: the Narwhal,
a 144~m semisubmersible derrick and pipe lay barge own=d by the Netherlands




Offshore Co. and built by Ishikawajima-Harima Heavy Industries; a
diesel-powered offshore crane equipped with a closed hydraulic system
driven by a diesel engine, developed by Sanders Co.j a 75-ton Hook anchor
for mooring concrete platforms during the building stage; & marine
production riser system developed by Marcon, which can be applied to all
subsea systems, and may be the link in the production flow bridging the gap
between the seabed and a surface floating unit; a 2.3% Ni-type welding
stick developed by Arcos Electrolasch; an instrumented riser joint
developed by the Netherlands Organization for Applied Scientific Research,
which has a proven operating depth of 2,000 ft; salvage of the jackup
Orion; and a nondestructive test of pipe welds developed by the Rontgen
Technische Diensty which uses 12 ultrasonic transducers operating jointly
from different directions. A discussion of deep water operations, marginal
field production, and technical problems facing the offshore industry with
10 representatives of Norwegian industry and government is presented.
Although no o©0il and gas developments are discussed, a list of about S0
research programs subsidized by the Netherlands government is presented. (
FT) :
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New conceptss; equipments and methods in ultradeep water exploration are
presented. Topics discussed include the Aker Motion Compensated Offshore
Cranesy a heavy lift crane developed by Nylands Versted, Fred DOlsen and Co..,
and Aker Engineering A/S, for use in rough weather on a converted Aker H-3
platformi the Sub-cap system, developed by Havron Engineering Ltd.s which
encapsulates wellhead equipment in a concrete base and connects to a
surface buoy by an umbilical which carries the control and monitoring
linesj the tethered production platform, preliminary specifications of
which were recently completed by the Aker Group; Eccofloat buoyancy modules
made by Emerson % Cuming, Inc.; Exuxon’s Submerged Froduction System,
designed to produce: o0il and gas Ffrom remotely controlled occean floor
equipment; the Towing Tension Tie-in method of onshore-welded pipelaying,
developed by 2Z French o0il companies; a remotely controlled pipeline
trenching system developed by kKvaerner—-Myren;i remotely controlled lifting
and observation systems developed by Myren Versted Sub Seaj; 2-yr tests of
Exxon’'s guyed tower; experiments conducted by Elf-Aquitaine from a subsea
station offshore Gaboni a water and sand jet spray for cleaning underwater
welds developed by Strongwork Diving International LLtd: plans by R. J.
Brown and Associates to install 4 flowline bundles in the world’s ist
submarine pipeline installation by off-bottom tow at Conoco North Sea
Inc.'s Murchison Field; and the Marcon Production Riser System, claimed by
Marcon marine consultants to be the missing link in the subsea development
chain. (FT) ’
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Languages: ENGLISH
Doc Type: JOURNAL FAFER
Floating production facilities discussed include the extended flow test
system, which involves the use of a semisubmersible used in the drilling
mode; the multiwell production system, in which a cluster of Né6 wells is
drilled directionally and connected to semisubmersible through a multiple
.r*iser*; the permanent multiwell production system, which is basically the
same design as the preceedxng systems with a production range of N&0,000
BFD; the integrated production system, which would service N10O wells on a
cluster and some isolated wells for water injection with a specially built
floater; and a single well system which involves a moored tanker installed
at some distance from the wellhead and a catenary flex pipe as a production
riser. Engineering these facilities will require a perfect knowledge of
floater design, riser design, wellhead controls, production process,
secondary recovery equipment, and other components of the production
system. Several groups are now proposing this engineering and service
capability to the operators, and several floating facilities are now
producing offshore fields. (FT)

11/7/763
78035357
Subsea developments.
Hayward, T.j Usquin, B.
Comex Seal .
OFFSHORE SERVICES 10(11), 28, 3I0-22, Nov. 1977 Coden: 0OFSVA4

illus. no refs.
No abs.

Languages: ENGLISH _

Doc Type: JOURNAL FPAFER -

0il company reticence to use untried early production methods when
familiar equipment 1is available has stimulated development of floating
"packages" which take advantage of down-market equipment. Virtually any

.combination of semisubmersibles, jack-ups, integrated and export tankers,

buoyss small platforms, and small gravity platforms is on offer, but the
use of a large tanker as a permanently moored storage and processing base,
loading into smaller export tankers, figures prominently. Contractors are
offering designs-considered excellent for marginal fields-mostly for the
Mediterranean and Middle East. A system proposed by Northern Offshore
Froduction Ltd. involves a tanker with oil separation equipment, single
point moorings and a shuttle tanker. Mesa plans to develop its Beatrice
Field in a similar manner. Uses of subsea completions for marginal fields
and as extensions of fixed platforms for major fields are discussed. New
developments by Comex Seal discussed include a composite completion riser,
installation and maintenance systems, and production risers. Sea trials for
1-atmosphere welding to 1,000 ft, a near-bottom tow flowline installation
to 1,600 ft, and flowline bundle laying and connection to 1,000 ft using
the draw-down method, were planned by Comex Seal for the near future.
Subsea completions are now included in early technical/economic studies of
North Sea fields, which was not the case several years ago. (FT)

11/7/64
78-03335
Deepwater production system plays effective role in subsea reentry
operations. . '
van Bilderbeek, BR. H.
Vetco Offshore Group, Ventura, CA
OFFSHORE 38(2), ?4-96, 98, Feb. 1978 Coden: OFSHAU

. illus. no refs.
No abs.
Languages: ENGLISH




Doc Type: JOURNAL PAFER

Eecause building production platforms for water depths K1,000 ft is
largely technically and economically impractical, Vetco Offshore Group has
developed 3 Early Subsea Froduction Systems: the multiwell modular template
systemj the multiwell unitized template systemy which involves a fixed
template able to accommodate Nil subsea wells; and the multiwell satellite
system, in which several individual subsea wells are tied to a production
riser base with subsea flowlines and control lines. The systems were
designed to use guideline techniques for re-entry operations throughout the
drilling, completion, and production phases of the field development. The S
major subsystems which form the overall deepwater production systems are
the single-well drilling and completion system; the drilling and production
templates; the production riser manifold template;j the deepwater production
riser systemi and the floating production platform, all of which are
discussed. Objectives of the systems include recovery from field beyond
platform depths; recovery at a lower overall cost, allowing prior
considered marginal fields to become economically attractive; a
predetermined rate of capital expenditure; recovery of part of the
exploration cost through integration of exploratory wells into the
production system; equipment which is installed on a semipermanent basis to
facilitate recovery and reusej and flexibility when considering field size,
geometry, location, and water depth. (FT) '

11/7/765
77-03684

MARINE FRODUCTION RISER--A SUBSYSTEM OF THE SUEMERGED FRODUCTION SYSTEM.

TEERS, M.L.

EXXON CO.

EIGHTH ANNUAL OFFSHORE TECHNOLOGY CONFERENCE: 19746 FROCEEDINGS: VOL. 2.
(N. F.): OFFSHORE TECHNOLOGY CONFERENCE, 1976. FF. 45-56 1976

Languages: ENGLISH

. 11/7766

76-01892

THE FRODUCTION RISER SYSTEM FOR THE ARGYLL FIELD.

KIRKLAND, K.

NATIONAL SUFFLY CO.

OFFSHORE TECHNOLOGY CONFERENCE: SEVENTH ANNUAL: FROCEEDINGS: vOL. I1I.
(N.F.): OFFSHORE TECHNOLOGY CONFERENCE,s 1975. PF. 813-818 1975
Languages: ENGLISH




12/7/71
0207413
FE
. Flexible risers for north sea floating production systems.
Pettenati-Auziere, C.
StavangerForum

In: ONS*86y Offshore Northern Seas Conf. & Exhib., (Stavanger, Norway!

Aug. 26-29, 1986), vol.4, Stavanger, Norway, Stavanger Forum, 1986, Paper
7 27P- 3

Languages: English

The state of the art of flexible dynamic riser systems is described.
Since the pioneering use of such a system to develop the Balmoral field in
1984, intensive design work has been cartried out, and much technological
progress has resulted. General design guidelines are proposed. (D.W.T.)

127772

0204427

FE

Flexible risers.

Falmer, A.C.57 Chasserot, J.L.

Andrew Falmer % Assocs. Goodfellow Assocs.
IBC Tech. Serv.l td.

In: The Way Forward {or Floating Froduction Systems, Froc. Conf..,
(London,y, U.K.: Dec. 16-17, 1985), London, U.k., IBC Tech. Serv. Ltd., Apr.
1986, p.103-119. (ISBEN 0-207822-77-0) , Q-07822-77-0 .

Languages: English

Flexible dynamic riser design is discussed. Some alternatives which were
examined in detail are considered first and then discussed in relation to
installations in the North Sea. Among the alternative configurations are
the free hanging triser, the double catenary, the simple catenary and the
steep wave and lazy wave triser gsystems. It is concluded that flexible
risers give the designer of a floating production system a freedom in
design which rigid risers cannot give. (D.W.T.)

127773

0199228

FE

Flexible risers.

Falmer, A.C.3 Chasserot, J.L. _

Andrew Falmer % Assocs. Goodfellow Assocs.

IBC Tech. Serv. Ltd. :

In: The Way Forward for Floating Froduction Systems, Froc. Conf.,
(London, U.K.: Dec. 1988), London, U.E., IBC Tech. Serwv. Ltd., 1986,
p.102-119. (ISBN 0-907822-77-0) s 0—-R07822-77-0

Languages: English

Alternative configurations to the dynamic flexible riser are the free
hanging riser, the double catenary, the simple catenary, steep wave and
lazy wave. The mechanical components are outlined and stages in the design
process of such a riser are examined. Examples quoted from the North Sea
are the flexible arch North Sea test, an experimental projecty the
Argyll/Duncan field and the Balmoral field. (A.J.)

127774

0190826

FE

L.inear dynamics of flexible risers.
Fatrikalakis, N.M.; Kriezis, G.A.




Mass. Inst. Technol.
)

Int Froc. First OMAE Specialty Symp. on Offshore and APCth Front1ers,
Fresented at ASME Ninth Annual Energy-Sources Technol. Conf. % Exhib. (New

Orleans, U.8.A.: Feb. 23-27, 1986), M.M. Salama (ed.), New York, U.S.A.,
Am. Soc. Mech. Engrs., 1986, p.3I27-336.

Languages: English

Fresented are solutions for the linear dynamics of flexible risers using
a novel combination of efficient embedding and asymptotic techniques.
Numerical examples for a buoyant flexible riser are included and the
effects of the principal parameters are discussed. A numerical scheme
employing the linear solutions to develop a solution of the non- 11near
problem is outlined. (from authors® abstract)

3

12/7/95

0190823

FE

Flexible production risers.

Laloe, J.L.

Coflexip % Serv. Inc.

9

In: Froc. First OMAE Specialty Symp. on Offshore and Arctic Frontiers,
Fresented at ASME Ninth Annual Energy-Sources Technol. Conf. % Exhib., (New
Orleans, U.S5.A.:! Feb. 23-27, 1286), M.M. Salama (ed.); New York, U.S5.A.,
Am. Soc. Mech. Engrs., 1986, p.321-325,

Languages: English

Flexible risers may be one of the following: configurations, free
hanging, la:zy S, steep S, la:zy wave or steep wave. Lists the typical layers
(interlocked stainless steel carcass, inner thermoplastic tubes and sheath
etc.) of a flexible production riser. Fresents typical results of static
and dynamic analyses and discusses briefly the deep water requirements.

.Design studies for Coflexip pipe are noted. (C.J.U.)

L)

127776

01920778

FE

Model tests and analysis of flexible riser systems.
Owen, D. G-, an, J.

Heriot-Watt Univ.

Thomas Telford Ltd.

Int UK Offshore - Maintaining Self-Sufficiency, Froc. Conf.s (London,
U.kK.t QOct. 9-10, 1985), London, U.K.y Thomas Telford Ltd., 1984y Session
IV, Faper 11, p.133-145. (ISBN 0-7277-0267-X) s O=7277-0267-X

L.anguages: English

A catenary flexible riser system was studied in relation to a typical
field development in the North Sea. Simple and approximate formulae
developed by catenary theory are presented. Catenary solutions accurately
describe the shape, tensions and inclinations of a riser if its flexural
stiffness is low. A formal asymptotic expansion is then presented and this
method is applied to the non-linear behaviour of a long, flexible riser. A
series of model tank tests were carried out in a wave flume in order to
observe the non-linear response of the flexible riser system. The system
consisted of a flexible pipe suspended in a catenary between a subsurface
buoy and a surface buoy. These tests were designed to cover different waves
including both operating and severe environmental conditions. The test

results showed a rtreasonable agreement with analytical results. (from
authors® abstract)

127777
0189063




FE

Fredicting the behaviour of flexible riser systems.

Offshore Res. Focus, no.53, Jun. 1986, p.10. ' ISSN 0309-4189

Languages: English

A suite of computer simulations has been developed to investigate the use
of flexible systems for production risers and for field injection. Details
of the two modules SEAFLEX and RISER, that make up the package are
presented. SEAFLEX is a static model, found by modelling the riser as a
series of straight segments, not necessarily of the same length. When the
static solution is obtained, the model can be used to calculate the natural
frequencies and model shapes of the resulting profile. The RISER simulation
analyzes the dynamic behaviour of flexible risers, and currently the
problems are solved in real time using special purpose hardware. The
computer models have been validated by known results and model tests.
(A.J.)

12/7/8

0184728

FE

Dynamic behavior of flexible riser.

Bratu, C. § MNarzul, F.

Elsevier Sci. Fublishers E.V.

In: Behaviour of O0Offshore Structures, Froc. 4th Int. Conf., EOSS 185,
(Delft, The Netherlands,: Jul. 1-5, 1985), J.A. Battjes (ed.), Amsterdam,
The Netherlands, Elsevier Sci. Fublishers E.V., 1985, Faper Eé&, p.375-3281.
(Dev. Mar. Technol. Vol.Z2) (ISBN 0-444-42513-&) sy 0-444-42517-4

Languages: English :

A time domain simulation model of flexible riser dynamic behaviour is
presented. Various configurations can be analyzed by this computer program:
catenary flexible pipe between the surface support vessel, sub-surface
intermediate buoy and ’lazy’ or ’steep’ pipe configuration to the sea
bottom. Features of the 1long finite element of the riser, submitted to
water waves, current and surface support movements are described. The
numerical model, which allows a short CFU time, simulates the dynamic
behaviour of the riser and calculates tensions and motions at various
points, i.e. top tension, radius of curvature at the lowest part, etc.
Comparison. between some results of ten month sea test (Frigg Field, North
Sea) of a flexible catenary pipe and computations is presented. (A)

12/7/9

0181746

FE

Flexible riser coupling for deepwater drilling, production, and service
applications.

Reinhardty C.M. 5 Sullivan, F.E.

Murdock Mach. & Engng. Co. of Texas

Deep Offshore Technol. E.V.

In: Froc. Deep Offshore Technology, 2nd Int. Conf. & Exhib., (Valletta,
Malta: Oct. 17-19, 1983), vol.II, Amsterdam, The Netherlands, Deep Offshore
Technol. E.V., 1983, Session III.1, Faper I1l1.1.f, p.83-106. )

Languages: English ,

Specific applications for a variety of elastomeric flexible riser
couplings and their design criteria are examined. Influence of the working
environments, externally applied forces, angles of deflection, transmitted
fluids, internal pressures, and temperatures are reviewed as they affect
design and material selection. Results of in-service use and special
structural, fluid compatibility and fatigue tests are also presented. (from
authors?® abstract)

1277710




0180371

FE

Flexible risers for early production and testing vessels.

Barthelemy, B.; Carrio, P. ; Pettenati-Auziere, C.

Swedish Trade Fair Found.

In: Froc. Offshore Gothenburg B85, Int. Conf. on Offshore & Marine
Technology, (Gothenburgy, Swedeny: Feb. 25-Mar. 1, 1985), Gothenburg,
Sweden, Swedish Trade Fair Found., 1985, Session 4, Faper 4, p.1-16.

Languages: English

This paper presents some typical solutions suitable for implementing
early development schemes by means of flexible dynamic risers with special
emphasis on testing and servicing systems. (A)

k]

1277711

0179903

FE _

Hydrodynamic forces on multitube production risers exposed to currents
and waves.,

Demirbileky Z.3; Halvorsen, T.

Conoco Inc.

Am. Soc. Mech. Engrs.

In: Froc. Fourth Int. Offshore Mechanics % Arctic Engineering Symp.,
(Dallasy U.S.A.: Feb. 17-21, 1985, J.S. Chung; V.J. Lunardini; S.kK.
Chakrabarti; VY.8. Wang; D.S. Sodhij k. Karal (eds.), vol.1l, New York,
U.S.A.s Am. Soc. Mech. Engrs., 1985, p.363-370. ’

Languages: English

Discusses results from a joint research programme on multitube risers.
DHI performed the steady current and moving model tests, HRS conducted the
oscillatory flow tests. Tabulates the test conditions and results (drag,
inertia coefficients, lift coefficient, total force coefficient) obtained.
For the oscillatory flow tests, drag and inertia coefficients obtained are

tabulated. These were calculated from analysis of each force cycle (first
harmonic component only). Fresents corresponding tables for both sets of
tests with coefficients redefined so that test data relates to the actual
cross sectional and projected areas of a multitube riser. Discusses how the
coefficients vary according to Reynolds number and Keulegan Carpenter
number. Interference effects are assessed. (C.J.U.)

12/7/712

0176234

FE

*Hutton® production risers - a novel cleaning problem. An up—to—-the
-moment case history.

Tyson, J.A.G.

Corr. Frev. & Control, vol.32, no.6, Dec. 1985, p.111-117, Coden:
CRFCAK ISSN 0010-2371

Languages: English :

Conoco’s innovative tension leg platform in the northern North Sea has
presented the industry with a novel cleaning problem. Froduction risers
transport reservoir fluids from seabed to surface on Hutton. The cleaning
problem arises beacuse these risers are protected from corrosion by a thin,
relatively fragile, coating of flame-sprayed aluminium (FSA). There is a
requirement to keep these risers free of marine growth, and the challenge
was offered to a wide spectrum of U.K. based companies to come up with a
viable, and necessarily innovative, system to remove this marine growth
without damaging the FSA. It also details the research work on high
pressure water jet cleaning undertaken by BHRA in order to solve this
problem. (from author'®s abstract)

1277713
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FE

Frototype development of a TLF production riser tieback connector.

Crotwell, G.W.; Knerr, E.R.; Valka, W.A.; Miller, C.A.

OffshoreTechnol. Conf.

In: OTC °85, Froc. Seventeenth Annual Offshore Technology Conf. (Houston,
U.S.A.: May 6-9, 19835), vol.Z, Richardson, U.S.A., Offshore Technol. Conf.,
1985, Faper OTC 4982, p.213-222. .

Languages: English ,

A remotely operated mechanical tieback connector and retrievable
hydraulic tool, for tying back subsea wellheads to a tension leg platform,
were developed and prototype tested. The connector transmits riser loads to
the wellhead and seals inside the 9-5/8 casing hanger. The connector is
rated for 10000 psi and has a 20 year service life and a 100 year fatigue
life. The retrievable hydraulic tool provides the operating force to lock
and unlock the connector. The development of the tieback connector and tool
is presented with a description of the method of analysis, the metal to
metal seal utilized in the connector and the prototype test results. This
work demonstrates the feasibility of designing a tieback connector with no
internal hydraulic to meet the environmental and service life requirements

of a tension leg platform. Analytical and experimental data are compared.
(A) v

1277714

0173911

FL.

Deepwater record for flexible risers.

Oilman, Jun. 1985, p.&3. y ISSN 0143-6694-

Languages: English L :

The recent achievements by Coflexip of connecting a flexible flowline
between a satellite well in 1270 ft of water and a semi submersible moored

‘in 8OO ft of water off Brazil is reported. This sets a deepwater record
which is likely to be superceded later this year. (F.J.R.)

12/7/715

0171060

The development of a mobile production system incorporating a compliant
production riser.

Fass, H. '

Foster Wheeler Fet. Dev. Ltd.

OyezSci. & Tech. Serv. Ltd.

In: Froc. Conf. on Design % Operational Aspects of Floating Froduction
Systems, (London, U.k.: Sep. 26, 1984), London, U.K., Oyez Sci. % Tech.
Serv. Ltd., 1984, p.175-199. (ISEN 0-207822-48-7) , 0-907822-48-7

Languages: English :

The study details S main areas for technical evaluation in the overall
development of a mobile production system: the areas analyzed are subsea
systems; production and export risers; platform designi topside facilities
and process designj storage and export facilities. Operational
considerations, economic analysis and cost elements are also included in
the study. (A.J.)

1277716
0171057 -
The advantages of flexible risers.
Griffiths, A.D.
Dunlop Ltd.
‘ OyezSci. # Tech. Serv. Ltd.
Int Froc. Conf. on Design & Operational Aspects of Floating Froduction
Systems, (London, U.K.: Sep. 26, 1984), London, U.K., Oyez Sci. % Tech.




Serv. Ltd., 1984, p.113-128. ~(ISEN 0-907822-48-7)
Languages: English
Reliable, high pressure flexible pipes are necessary for the development
of marginal oilfields where the pipes have to withstand a hostile
environment. A test regime was developed, capable of simulating many of the
operating conditions encountered. Armalinte and Armaline flowlines are

described with reference to their properties for operating in such
conditions. (A.J.)

y 0-907822-48-7

12/7717

0170966

CH

Hydrodynamic forces on multitube production risers exposed to curtents
and waves.

Demirbilek, Z.§ Halvorsen, T.

Conoco Inc. FKongsberg Vapenfabrik A/S

Trans. ASME J. Energy Resour. Technol., vol.107, no.2, Jun. 1985,
R.226-234. s Coden: JERTDZ ISSN 0195-0738

lLanguages: English

Experimental results of a joint industry riser test programme are
reported. Hydrodynamic force coefficients for some marine risers consisting
of one or more cylinders interacting either with currents only or
oscillatory flow separately, are presented. The coefficients of drag,
inertia, and lift are given as a function of the Reynolds and

Feulegan—-Carpenter number. An analysis and synthesis of the test data is
also included. (A.J.)

12/7/18 .

0170965 - :

Hydrodynamic forces on multitube production risers exposed to currents
and waves.

. Demirbileky Z.; Halvorsen, T.

Conoco Inc. FKongsberg Vapenfabrilk A/S

Trans. ASME J. Energy Resour. Technol.y, vol.107, no.2, Jun. 1985,
p.226-234. s Coden: JERTDZ ISSN 0195-0738

Languages: English

Experimental results of a joint industry riser test programme are
reported. Hydrodynamic force coefficients for some marine risers consisting
of one or more cylinders interacting either with currents only or
oscillatory flow separately, are presented. The coefficients of drag,
inertia, and lift are given as a function of the Reynolds and

Feulegan—-Carpenter number. An analysis and synthesis of the test data is
also included. (A. J.)

12/7/719

0146494

CH

Random dynamic response of a tethered buoyant platform production riser.

Etok, E.U.3; Kirk, C.L.

Cranfield Inst. Technol.

C.M.L. Publications Ltd.

In: Dynamic Analysis of Offshore Structures: Recent Developments, C.L.
kirk, Southampton, U.K.y C.M.L. Fublications Ltd., 1982, p.81-94. (Frogress
Engng. Sci. Vol. 1) (ISEBN 0-2035451-07-4) , 0O-92035451-07-4

Languages: English

A new normal mode spectral analysis method is presented for calculating

_ r.m.s. riser deflections, bending stresses and lower ball joint angles.
.For*ces on the riser consist of (a) non—-linear fluid drag taking account of
the relative velocity due to tethered buoyant platform (TBP) motion, triser
elastic deflection and wave induced fluid velocitys (b)) wave induced fluid




acceleration, (c) inertia forces due to TBP acceleration, and (d) buoyancy.
The non-linear fluid drag forces are linearized using Tung and Wu's
approximation based on the r.m.s. relative fluid velocity and current. A
wide range of results is presented for risers in water depths up to 1000 m
and it is observed that & normal modes are sufficient for calculating
bending stresses. A static analysis is also presented for bending stresses
due to wave and current induced drag forces and riser offset. (A)

12/7/720

01432031

CH

Deepwater production riser.

Panicker, N.N.j Yancey,; I.R.

Offshore Technol.Con+. ' v : ,

In: Froc. Fifteenth Annual Offshore Technol. Conf., (Houston, U.S.A.: May
2-3y 1982), vol.2, Dallas, U.S.A., Offshore Technol. Conf., 1983, Faper OTC
4512, p.9-18. ’

Languages: English

A deepwater production riser design developed by Mobil Research and
Development Corporation is presented. The riser consists of a lower rigid
section terminated about 200 feet below the sea surface with a tensioning
buoy assembly and a flexible upper section made of a bundle of flexible
pipes. It is designed to be compliant to waves, currents and vessel motions
and applicable to both mild and severe environments. Design, analysis,
testing, and installation method are discussed. (A)

12/7/721

0143032

CH -

The influence of production-riser design on the configuration and
operation of semi-submersible floating production systems.

Shotbolt, K.

Brown % Root (UE) Ltd.

J. Soc. Underwater Technol., vol.%s; no.3, Autumn 1983, p.14-21.
Coden: JSUTDD ISSN 0141-0814

Languages: English

Considers the types of risers for use with Semi-Submersible Floating
Froduction Systems (SSFFPS). The paper examines the choice of a particular
type of rise; for its purpose in the overall production system. The
alternative types of risers are described and theitr influence on various
aspects of system configuration and operation is compared. Finally,
comments are made regarding an SSFFS with optimised configuration and
operating characteristics. (from paper)

k)

1277722

0142803

CH

On the dynamics of production risers.

"Patel, M.H. § Sarochia, S.

London Univ. Coll.

Hemisphere Fublishing Corp.

In: Behaviour of Off-Shore Structures, Froc. Third Int. Conf.,
(Cambridge, U.S5.A.: Aug. 2-5, 1982), C. Chryssostomidis; J. J. Connor
(eds.), vol. 1, Washington, U.S.A., Hemisphere Fublishing Corp., 1982,
FPaper H12, p.599-617. (ISBN 0-89116-343-3) , 0-89116-343-3

Languages: English

This paper presents some results from an investigation into the

‘structur*al and fluid loading aspects of single and multi—-tube production
risers. Two methods of structural analysis are outlined. The first is an
extension of conventional drilling riser practice and employs an




equivalencing technique for transforming the physical properties of a riser
of complex cross-section to that of an equivalent single tube drilling
riser. A second method, based on a fuller finite element structural
analysis of the riser is also described. The paper presents results of
large scale tests for a marine riser of circular cross section. These large
scale tests were performed at the National Maritime Institute in England
for 1:23 scale risers in 7.6 m water depth with a model semisubmersible
surface platform. Measurements of wave elevation, surface platform surge
together with in line (to the wave direction) and transverse displacements
and bending stresses at several stations along the riser length are

compared with a two dimensional finite element computation. (from authors®
abstract)

1277723

0139041

CH

An assessment of vortex suppression devices for production risers and
towed deep ocean pipe strings.

Rogers, A.C.

Offshore Technol. Conf.

In: Proc. 1982 Offshore Technol. Conf.s (Houston, U.S.A.: May 2-5, 1987),
vol. 3, Dallasy U.S5.A., Offshore Technol. Conf., 1983Z, Faper No. 0TC-4594,
P.119-126. ’

Languages: English

The paper discusses vortex suppression devices as applied to deep ocean
production risers and pipe strings. The basic problem of flow induced
structural excitation is discussed as well as the present state of the art
of vortex suppression devices. One of the most promising devices discussed,
the guiding vane principal,y is of 1245 vintage and on the average, all the
other . concepts available for discussion are estimated to be of 1967
vintage. Based on a conclusion that a drag reduction and structural
symmetry to flow are considered to be of equal importance to vortex
suppressions several basic types of devices are suggested. Configurations
and pipe string artrangements are portrayed and the need for an evolution of
new concepts is emphasized. (A)

1277724

0127725

CH

Flexible riser for a floating storage and offloading system.

Beynet, F.A.j Frase, J.R.

Amoco Frod. Co. -

Offshore Technol.Conf¥.

In: Froc. Fourteenth Annual Offshore Technol. Conf., (Houston, U.S.A.:
May 3-&, 1982), vol.3, Dallas, U.S.A., Offshore Technol. Conf., 1982, Faper
07C 4321, p.249-258. .,

Languages: English

In connection with the final design of the riser system, a series of
model tank tests were conducted specifically to verify the performance of
the risers. These tests wetre designed to cover the conditions of different
wind, wave and current directions. The test results show that the combined
tanker, buoy and flexible riser dynamics in three dimensional space must be
included in the design evaluation. Some of the critical motions and loading
of the flexible risers and the associated fixtures could not be revealed by
the conventional design evaluations. The observed dynamic behaviour of the
riser system was further confirmed by analysis. Remedial methods were
developed to correct the uncovered problems. Additional confirmation model
tests were conducted prior to areriving at a final design. (from authors?
abstract) :




1277725

0093374

X

Aspects of hydrodynamic loading in design of production risers.

Lohen, A.E. ; Torset, 0.P. ; Mathiassen, S. § Arnesen, T.

J. Pet. Technol., vol.3Z, no.3, May 1980, p.881-8%90. 4, Coden: JFTJAM
ISSN 0022-3522

Languages: English

Tests results are describedy, and a generalisation is given for
engineering applications. (A)

12/7/726

0092930

X

An  unmanned tethered maintenance vehicle for deepwater production riser
maintenance.

Teerss M.L.

Exxon Froduction Res. Co.

Dffshore Technol. Con+t.

In: Froc. Eleventh Annual Offshore Technology Conf., (Houston, U.S.A.:
Aptr.30-May I, 1979), vol.3, Dallas, U.S.A.y Offshore Technol. Conf.s 1979,
FPaper 0TC 2576, p.19035-1912. ,

Languages: English

A maintenance system is required to inspect and maintain all facilities
and equipment associated with a deepwater marine production riser system.
Exxon Froduction Research Company is developing a multi-purpose maintenance
system consisting of (i) a submersible unmanned Tethered Maintenance
Vehicle (TMV), (ii) interchangeable tool packages to be used in conjunction
with the TMV, (iii) a launch and recovery system (iv) a control van, and
(v) auxiliary surface support equipment. The TMV, which is operated from
the control van at the surface, will provide the propulsion, guidance, and

‘contr*ol necessary to manoeuver the tool package to the work site. Once at
the work site, the tool package will attach itself and the vehicle to the
risers; it will then accomplish the predetermined maintenance task. The
interchangeable tool packages will be specially designed to efficiently
perform each specific task. If new tasks are defined, new tool packages can
be designed to perform the tasks and the basic vehicle will remain
unchanged. This paper presents the design concept of this system and
reports on the current status of the system’s development. (A)
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- a prototype deepwater production riser and floating production system.

Santa Barbara SALM

Wolframs, W.R. § Law, T.E.

Exxon Frod. Res. Co.

J. FPet. Technol., vol.32y no.2y Feb. 1980, p.311-318. , Coden: JFTJAM
ISSN 0022-3522

Languages: English

The Hondo offshore storages o0il treating, and off-loading system in the
Santa Barbara Channel contains most of the essential features of a
deepwater floating production system. This paper discusses the design
concept, including dynamic analysiss earthquake design, fatigue analysis,
and the high-pressure flow system. A current status report and future plans
for the project are given. (A)
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Production riser analysis.

Harper, M.P.

Koninklijke Shell Exploratie en Froduktie Laboratorium

BHRA Fluid Engng. _

Int Froc. Second Int. Conf. on the EBehaviour of Off-shore Structures,
(London, U.K.: Aug. 28-3t, 1979, wvol.2, Cranfield, U.K., BHRA Fluid
Engng., 1979, Faper &0, pp.207-212. , 0-90&6085-326-5

Languages: English

The dynamic analysis of a multibore production riser in a northern Not th
Sea -environment is discussed. Results presented concern the bending moment
response due to random wave loading and the sensitivity of these results to
variations in hydrodynamic coefficients. (A)
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CH

Structural design of production risers and offshore production terminals.

Wol framsy W.R. § Gunderson, R.H.

Exxon Froduction Res. Co.

Offshore Technol. Conf.

In: Froc. Eleventh Annual Technology Conf., (Houston, U.S.A.: Apr. 3Z0-May
2y 1979y wvol.3, Dallas, U.S.A., Offshore Technol. Conf., 1979, Faper OTC
F535, pp.13569-15764, v

Languages: English

Offshore production terminals and deepwater risers are seeing increasing
use by the offshore o0il industry. The structural design of these units
presents a unique challenge compared to other offshore systems. Development

-of design loading conditions and fatigue histories is especially
interesting due to "the complex interaction of non-linear riser and vescel
dynamics, the statistical nature of maximum loads and the need to consider
directionality as well as the magnitude of environmental loading. This
Paper presents a complete procedure for predicting design loads and fatigue
histories for production risers and offshore terminals. The emphasis will
be on systems wherein a dedicated vessel is connected to the riser by a
rigi morring arm. A number of structural design configurations will be
surveyed. Techniques for preliminary sizing, dynamic analysis, model
testing and fatigue analysis will be discussed, The application of this
procedure to several specific design cases will be summarized. (A)

12/7/730
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Aspects of hydrodynamic loading in design of production risers.
Lken, A.E. ; Torset, 0.F. ; Mathiassen, S. j; Arnesen, T.

Det Norske Veritas Kongsberg Vapenafbrikk

Offshore Technol. Conf. _

In: Froc. Eleventh Annual Offshore Technology Conf., (Houston, U.S.A.:
Apr.30-May 3, 1979), vol.3, Dallasy U.S.A., Offshore Technol. Conf., 1979,
Faper OTC 3538, pp.19921-1601. ,

Languages: English

Selective results of hydrodynamic 1loads on various ptroduction riser
concepts derived from large-scale model tests in stationary and oscillatory
flow are presented. The investigation which covered altogether 24 riser
configurations was Jjoined by several major oil companies. Typical results
for 5 basic production riser geometries consisting of a large centre export
pipe and varying number of outer pipes of varying distance from the centre
pipe are presented. The importance of hydrodynamic coefficients in the
design of such multibore production risers are discussed through
investigation of the sensivity in riser response due to variation of the
hydrodynamic coefficients  and other important design parameters.




Application of generalized hydrodynamic coefficients from model experiments
to arrive at engineering solutions are discussed. An actual design case for
& production riser in.deep water is presented. (A)
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0071388

CH

Exxon's new deepwater production riser.

Bunderson, R.H. § Lunde, P.A.

Exxon Froduction Res. Co. Ocean Res. Engng. Inc.

Ocean Ino., vol.1Z, no.11, Nov.1978, pp.&7-70 and 73. Coden: OCIDAF
ISSN 0029-8026

Languages: English .

Exxon's deepwater production terminal applicable for use in water depths
to over 5,000 ft in rough water environments, consists of a SALM (Single
Anchor Leg Mooring) production riser and a floating storage tanker with
production facilities on board. The separated gas and water are reinjected
into the formation, and shuttle tankers offload the crude oil by tandem
mooring to the storage tanker. The riser serves three main functions: (i)
it moors the storage vessel, (ii) serves as a support for the fluid lines,
and (iii) serves as a support for communication lines to subsea production
equiFment. Exxon has conducted extensive model tests and analyses on the
new riser system to assess its feasibility and has designed several SALM
systems for various parts of the world. The Exxon riser system design
criteria has been developed using established codes and emerging code
requirements for offshore loading terminals modified to fit the functional
and structural characteristics of the Exxon SALM. In fact, many of the
design features of the deepwater riser are evident in the Santa Ynez SALM
that was installed in the Santa Barbara Channel in 490 ft of water during
the summer. (A)

. 127773
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Santa Barbara Salm - a prototype deepwater production riser and floating
production system.

Wolfram, W.R.; Law, T.E.

Exxon Frod. Res. Co. Exxon Co.

Int Froc. 1978 Offshore Technology Conf., (Houston, U.S.A.: May 8-10,
1978y wvol.Zdy Dallasy, U.S.A., O0Offshore Technology Conf. 1978, Faper 0TC
T14Z, pp.781-788. , '

LLanguages: English

The Hondo offshore storages o0il treating, and offloading system in the
Santa Barbara Channel contains most of the essential features of a
deepwater floating production system. A dedicated 50,000 dwt tanker will be
moored to a single anchor leg type production riser using a rigid mooring
yoke. The riser unit is designed for 100-yr storm conditions; it also will
withstand the maximum expected earth—-quake loading with the vessel
attached. The use of the rigid yoke with the single anchor leg mooring
yields a number of design and operational advantages. This paper presents
the desian concept of the system. Particular design considerations are
discussed including dynamic analysis, earthquake design, fatigue analysis
and high pressure flow system. Finally, a current status report and future
plans for the project will be given. (A)
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Design, fabrication and installation of a prototype multiline marine
production riser system.




Gammages; W.F. ; Caldwell, J.B. ; Ortloff, J.E. ; Teers, M.L.

Exxon Co. _

New York, ASME United Engineering Centre, Sep. 1976, 6pp. (ASME Faper
76—-Fet-45). ,

Languages: English

A multiline marine production riser and floating production, storages and
terminal facility may be required for economic development of o0il and gas
reserves in remote, deep water locations. A deep water production riser
design has evolved through study, analyses, and model testing. In order to
gain experience, development confidence, and improve the riser design prior
to commercial application, a prototype has been built for testing as part
of Exxon'’s Submerged Production System offshore test in the Bulf of Mexico.
This paper treats the design, manufacture, and installation of the
prototype multiline marine production riser system. (A)

1277734
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An articulated multiline production riser for deepwater application.

Ortloff, J.E. 5 Caldwell, J.B. 3 Teers, M.L.

Exxon Co.

New York, ASME United Engineering Centre, Sep. 1976, 6pp. (ASME Faper
76-Fet-44). ,

Languages: English

The need to produce oil and gas in water depths beyond the physical and
economical limits of fixed platforms and pipelines has led to the
development of a feasible concept for an articulated multiline flexible
marine production riser system. This paper covers the history of the
concept development from inception to readiness for engineering- design and
fabrication of a prototype test model. (Al

12/7/735
‘ 0046292
CH
A method for analysis of a prototype articulated multiline marine
production riser system.
Caldwell, J.R. ; Gammage, W.E.
Exxon Co.
New York, ASME, United Engineering Centre, Sep. 1976, épp. (ASME Faper
76-Fet-4&). ,
Languages: English
- This paper describes a newly developed nonlinear computer program that
predicts internal reaction forces and motions of a multiline marine
production riser exposed to wave and current forces. The paper also
presents an analytical method that accounts for large geometric
displacements and nonlinear wave forces. A simulation of the response of a
prototype articulated multiline marine production riser during a mild
tropical storm illustrates the program’s capability. (A)
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MARINE FRODUCTION RISER - A SUESYSTEM OF THE SUBMERGED FRODUCTION SYSTEM.

GRAMMAGE, W.E. 5 ORTLOFF, J.E.3; TEERS, M.L.; CALDWELL, J.RB.

EXXON CO., U.S.A. EXXON FROD. RES. CO.y U.S.A.

IN: PROC. EIGHTH ANNUAL OFFSHORE TECHNOL. CONF. Y“ZHOUSTON TEXAS, MAY 3-6,
1976<, DALLAS, TEXAS, OFFSHORE TECHNOL. CONF., VOL. 2, 1976, 0OTC 2525, FF.
4546, ,

Languages: English

THE MARINE FRODUCTION RISER “MFR+< SUBRSYSTEM 1S DESIGNED TO TRANSFORT OIL




AND GAS FROM A SUBMERGED  FRODUCTION SYSTEM %SPS< TO A FLOATING STORAGE
VESSEL AND TO FERMANENTLY MOOR THE VESSEL.

THE FROTOTYPE RISER TO BE TESTED IN THE GULF OF MEXICO INCLUDES A FILE
FOUNDED BASE Y“INSTALLED OCTOBER, 19747 WITH FIFING MANIFOLD TO CONNECT
FIPELINES TO THE RISER, A REMOTE MULTILINE CONNECTOR, AN ARTICULATED
MULTILINE RISER, A SUFFORT BUOY AND A MODRING SYSTEM.

. FABRICATION AND LAND TESTING OF ALL COMFONENTS IS COMFLETE.

DETAILED FLANS HAVE BEEN DEVELOFED AND THE NECESSARY EQUIFMENT TO
COMFLETE INSTALLATION OF THE MFR IS ON HAND OR READILY AVAILAELE.

LA,

1277737
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Froduction risers.

Roddas N.

BEF Int. Ltd.

Graham %Trotman Ltd.

In: Advances in Underwater Technology and Offshore Engng., Volume 2,
Design and Installation of Subsea Systems, Subsea Int. '85, Froc. Int.
Conf., (Londons U.E.: Jan. 15~16, 198%5), London, U.k., Graham & Trotman
Ltd.,s 1983, Chapter 8, p.125-148. (ISBN 0-86010-667-5) , 0-86010-46467-5

Languages: English

Discussed are production riser systems which are used for transferring
oil from subsea wells to floating production facilities. The bundled rigid
riser system adopted by BF at the Buchan Field is described and its
operation outlined. Also described is the individual rigid riser proposed
by BF for the SWOFS concept of an itinerant floating production, storage
and transport system. Flexible -production risers are summarized and a
comparison given between the flexible and rigid varieties. (from author’s
abstract)

]
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An evaluation for new semis.

@ rrecht, H.ILs Thomas, F.v.

Zapata Offshore Co.

Oilman, Sep. 1985, p.92-94. 3 ISSN 01436694

Languages: English

Describes the ‘design balance' approach adopted by Zapata for evaluation
of designs. This requires e.g. good heave motion response time (rather than
an apparent improved RAD) and reasonable riser clearance. The Zapata Arctic
semisubmersible required an increase in deck load of 50%, water depth three
times that of Zapata Ugland, and increased weight of drilling package. The
air gaps of 45 ft operating &0 ft survival was maintained. Discusses how to
consider operator requirements, and contractor requirements. The capability
of the rig 1is first assessed without consideration of the environment.
Suggests that drill string mounted compensators have advantages over crown
compensators. The Zapata Arctic has twin VY-door and pipe rack arrangements.
Brace connections are discussed. Maintenance aspects should be considered.
(C.J.U.)




11/7/1
02669966 Monthly No: EI8811108318 '

SIMFLE AND EFFICIENT ALGORITHM FOR THE STATIC AND DYNAMIC ANALYSIS OF

'FLEXIBLE MARINE RISERS.
Ghadimis Rumbod

Coll of Aeronautics, Bedforshire, Engl

Source: Computers and Structures v 29 n 4 1988 p S41-555

Fublication Year: 1988

CODEN: CMSTCJ ISSN: 0045-7949

Language: English

Document Type: JA; (Journal Article) Treatment: T35 (Theoretical)

Journal Announcement: 8811 "

The lumped mass discretization method is used to derive the equations of
motion of flexible risers in three dimensional space. Nodal shear forces
and bending moments are included in the formulations and fluid loading on
the structure is calculated using the Morison equation. A simple model of
the sea bed contact for catenary risers is given and tested. Nonlinear
equations describing the riser motions are solved in the time domain using
the tangent stiffness incremental apptroach combined with the Wilson-theta
numerical integration algorithm. Computational efficienmcy is improved via a
compact ‘*profile storage' technique, used for the assembly of element
matricess given by R. L. Taylor. Consideration is also given to natural
periods and mode shapes for small oscillations about the static equilibrium
position of the riser. Comparison of results with experimental values,
analytical solutions and independent results from the published literature
show very good agtreement. (Edited author abstract). 17 Refs.

11/7/72
02661615 Monthly No: EIMBB10-0335696

QUASI-STATIC ANALYSIS FROCEDURE FOR FLEXIEBLE RISERS.

Riggsy H. R.

Univ of Hawaii at Manoa, Honolulu, HI, USA

Conference Title: Current Fractices and New Technology in Ocean
Engineering - 1988. Fresented at the Eleventh Annual Energy-Sources
Technology Conference and Exposition.

Conference Location: New Orleans, LA, USA Conference Date: 1988 Jan
10-13

Sponsor: ASME, Ocean Engineering Div, New York, NY, USA

E.I. Conference No.: 11647

Source: ASME Ocean Eng Div Froc OED v 13. Fubl by ASME, New York, NY,; USA

163-169 :

Fublication Year: 1988

CODEN: OEDDD?7

Document Type! FA} (Conference Faper)

Journal Announcement: 8810

A procedure to determine the quasi-static response of flexible risers as
the vessel position in the plane of the riser varies is presented. The
ptrocedure is based on the equations for & c¢abley and is suited for
preliminary design. Application to five common riser configurations is
described, and the resulting systems of nonlinear equations are solved by
iteration. An example illustrates the strong convergence characteristics of
the iterative scheme. (Author abstract) 8 refs.

11/7/3

02624193 Monthly No: EISBO8074995
FIRST-0OF-A-KIND DEEFWATER FRODUCTION RISER INSTALLED.
Berner,y Faul C.




Cameron Offshore Engineering Inc, Houston, TX, USA

Source: 0il and Gas Journal v 86 n 18 May Z 1988 p S0-51, 55

Fublication Year: 1988

CODEN: OQIGJAV ISSN: 0030-1388

Language: English

Document Type: JA; (Journal Article) Treatment: A3 (Applications)

Journal Announcement: 8808 v

The fist floating production system (FFS) in the Gulf of Mexico was
installed in Flacid’s Green Canyon Block 29. The most innovative part of
the system is the self-supporting rigid riser. This is the world’'s largest
production riser. It is designed for a 20-year life that includes remaining
connected during a Gulf of Mexico 100-year storm if such an event occurs.
Flacid’s floating production system uses the converted drilling rig Fenrod
72 located on Green Canyon Block 29 in 1,522 ft of water. Frovisions are
made for 20 subsea completions arranged on a template structure and four
satellite completions that will produce through the self-supporting,
multiple—-bore, rigid riser.

117774 _
026220327 Monthly No: EI8BOB0749%94
FORCES ON MARINE RISERS IN COEXISTING ENVIRONMENT.
Demirbilek, Zeki
Conoco Inc,s Houston, TX, USA
Source: Journal of Waterway, Fort, Coastal and Ocean Engineering v 114 n
May 1988 p I346-35%9
Fublication Yeari: 1988
CODEN: JWFEDS ISSN: 07323-950X
Language: English ) :
Document Type: JA; (Journal Article) Treatment: T3 (Theoretical)j; X;
(Experimental)

Journal Announcement: 8808

Experimental results for hydrodynamic loading from the combined effect of
oscillatory motion and current on two production-riser configurations are
presented. The experimental study showed a significant reduction in the
drag coefficients when the oscillatory motion and the added current were
parallel. The magnitude of this reduction depends primarily on the ratio of
the maximum velocity of oscillatory motion to the steady current speed. The
prediction of forces on marine risers using Morison’s formula in a
coexisting environment at low Feulegan-Carpenter numbers yields
unsatisfactory results due to vortex shedding. However, the use of this
equation at high Keulegan-Carpenter numbers in a coexisting environment was
demonstrated to be safe and appropriate. (Edited author abstract) 13 refs.
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NONLINEAR TRANSIENT RESFONSE O0OF FLEXIBLE DEEFSEA RISERS BY TIME DOMAIN
SIMULATION.

Ebeckens N. F. F.j Limas, E. C. P.} Jacob, B. F.

Federal Univ of Rio de Janeiro, Rio de Janeiro, Bra:z

Conference Title: OMAE 1988 Houston, Froceedings of the Seventh
International Conference on Offshore Mechanics and Arctic Engineering.

Conference Location: Houston, TX, USA Conference Date: 1988 Feb 7-172

Sponsor: ASME, New York, NY, USA; ASCE, New York, NY, USA; Soc of Naval
Architects of Japans Jpni JSME, Tokyo, Jpn; Inst of Mechanical Engineers,
London, Engl; et al

E.I. Conference No.: 11083

Source: Proceedings of the International Offshore Mechanics and Arctic
Engineering Symposium 7th v 1. Fubl by ASME, New York, NY, USA p 3551-555

Fublication Year: 1988

CODEN: FIOSER




Language: English

Document Type: FA; (Conference Faper)

Journal Announcement: 8805 -

In this work the nonlinear transient response of flexible risers is
focused on. For accurate and economical time domain analysis of deep
risersy a realistic representation of hydrodynamic forces along the riser
and an efficient numerical method are required. The Lanczos mode
superposition method associated with pure incremental formulation is
proposed to treat this class of highly nonlinear problem. The proposed

approach was applied to a typical configuration to show its effectiveness
and robustness. (Author abstract) 14 refs.
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02580630 Monthly No: EIMB8OS-028581

SYNTACTIC FOAM BUOYANCY FOR FRODUCTION RISERS.

Watkins, L.

Cuming Corp, Taunton, MA, USA

Conference Title: OMAE 1988 Houstony Froceedings of the Seventh
International Conference on Offshore Mechanics and Arctic Engineering.

Conference Location: Houston, TX, USA Conference Date: 1988 Feb 7-12

Sponsor: ASME, New York, NY, USA; ASCE, New York, NY, USA; Soc of Naval
Architects of Japan, Jpni JSME, Tokyo, Jpni Inst of Mechanical Engineers,
London, Engl; et al :

E.I. Conference No.: 11083

Source: Froceedings of the International Offshore Mechanics and Arctic
Engineering Symposium 7th v 1. Fubl by ASME, New York, NY, USA p 403-410

Fublication Year: 1988

CODEN: FIOQSER

Language: English

Document Type: PA; (Conference Faper)

Journal Announcement: 88095

The offshore industry’s shift in emphasis from exploration to deepwater
production has resulted in much interest in the long-term performance of
riser buoyancy materials. There is a need for buoyancy systems capable of
continuous service at great depth for twenty years or more. This paper
discusses the factors governing long-term performance of syntactic foam and
suggests various predictive techniques to assist in the design of safe and
efficient production risers. (Author abstract) 5 refs.

117777
02580628 Monthly No: EIMBBOS-028579

CURRENT-INDUCED OSCILLATIONS AND INSTABILITIES OF A MULTI-TUBE FLEXIELE
RISER.

Faidoussis, M. F.3 Frice, S. J.3; Mark, BE.

McGill Univ, Montreal, Que, Can

Conference Title: OMAE 1988 Houston, Froceedings of the Seventh
International Conference on Offshore Mechanics and Arctic Engineering.

Conference Location: Houston, TX, USA Conference Date: 1988 Feb 7-12

Sponsor: ASME, New York, NY, USA; ASCE, New York, NY, USA3; Soc of Naval
Architects of Japan, Jpn§i JSME, Tokyos Jpni Inst of Mechanical Engineers,
London, Engl; et al

E.l. Conference No.: 11083

Source: FProceedings of the International Offshore Mechanics and Arctic
Engineering Symposium 7th v 1. Fubl by ASME, New York, NY, USA p 383-3I89

Fublication Year: 1988

CODEN: FPIOSER

Language: English

Document Type: FA; (Conference Faper)

Journal Announcement: 8805

Experiments have been conducted on a five cylinder cluster, of similar




geometry to that of a multi-tube risery, in steady cross-flow. In the
majority of experiments four of the five cylinders were sensibly rigid,
whereas the fifth, one of the peripheral ones, was flexible mounted. The
experiments were conducted in a wind tunnel,; with the cluster mounted on a
rotative arrangement, so that the flexible cylinder could be at any desired
azimuthal orientation vis-a-vis the flow vector. Motion of the flexible
cylinder was measured by imbedded accelerometers. In addition to the
vibration measurements, hot wire anemometers were used to measure
periodicities in the flow in and around the cluster, when all the cylinders
were rigid. Both the vibration and hot wire signals were analyzed by FFT
techniques. (Edited author abstract) 22 refs.
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STUDY OF THE EFFECTS OF WAVES AND CURRENT ON A DEEF WATER FPRODUCTION
RISER. ‘

Hartnupy, G. C.5 Aitrey, R. G.

Heriot-~Watt Univ, Edinburgh, Scotl

Conference Title: OMAE 1988 Houston, Froceedings of the Seventh
International Conference on Offshore Mechanics and Arctic Engineering.

Conference Location: Houston, TX, USA Conference Date: 1988 Feb 7-12

Sponsor: ASME, New York, NY, USA; ASCE, New York, NY, USA; Soc of Naval
Architects of Japan, Jpnj JSME, Tokyo, Jpni Inst of Mechanical Engineers,
London, Engl; et al

E.I. Conference No.: 11083

Source: Froceedings of the International Offshore Mechanics and Arctic
Engineering Symposium 7th v 1. Publ by ASME, New York, NY, USA p I39-345

Fublication Year: 1988

CODEN: FIQSEE

Language: English

Document Type: PA; (Conference FPaper)

Journal Announcement: B8B0OS _
Results from tests in waves and simulated current on a scale model of a
deep water (600m) production riser are compared with results from time
domain computer simulations. Values are presented for drag, added mass, and
inertia coefficients of the model, which have been deduced from the test
results. While the values of drag coefficient found in test cases in pure
current were those predicted from the Reynolds number at which the tests
were carried outy the values from cases involving waves were typical of

post critical flow. (Author abstract) 11 refs.
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DEEF WATER RIGID FRODUCTION RISER.

Berner, F. C. Jr.

Cameron Offshore Engineering Inc, Houston, TX, USA

Conference Title: OMAE 1988 Houston, FProceedings of the Seventh
International Conference on Offshore Mechanics and Arctic Engineering.

Conference Location: Houston, TX, USA Conference Date: 1988 Feb 7-172

Sponsor: ASME, New York, NY, USA; ASCE, New York, NY, USA; Soc of Naval
Architects of Japan, Jpn; JSME, Tokyo, Jpnj Inst of Mechanical Engineers,
London, Engl; et al -

E.I. Conference No.: 11083

Source: Froceedings of the International Offshore Mechanics and Arctic
Engineering Symposium 7th v 1. Publ by ASME, New York, NY, USA p 23-29

Publication Year: 1988

CODEN: PIOSEB

‘ Language: English

Document Type: PAj (Conference Paper)
Journal Announcement: 8805




The Flacid Green Canyon Froduction System, the first floating production
system (FFS) in the Gulf of Mexico, uses the world's largest production
riser in terms of both size and number of lines. The unique rigid riser
system is the most innovative part of the FFS especially in that it
accommodates simultaneous production and drilling or workover. The paper
reviews the design features, the analysis techniques, manufacturing

.consider‘ations, installation proceduresy schedules, and cost for the riser
components. (Author abstract)
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02361271 Monthly No: EIMB8712-088743

MODEL TESTS AND ANALYSIS OF FLEXIBLE RISER SYSTEMS.

Owen, D. G.3 Qin, J.

Heriot-Watt Univ

Conference Title: Uk Offshore - Maintaining Self-Sufficiency, Froceedings
of the Conference.

Conference Location: London, Engl Conference Date: 1985 (Oct 9-10

Sponsor: ICE, London, Engl

E.I. Conference No.: 10431

Source: Fubl by Thomas Telford, London, Engl p 133-145

Fublication Year: 1986

ISEBN: O-7277-0267~X

Language: English

Document Type: PA; (Conference Faper)

Journal Announcement: 8712

A catenary flexible riser system is studied in relation to a typical
field development in the North Sea. The paper presents simple and
approximate formulae developed by catenary theory. Catenary solutions
accurately describe the shape, tensions and inclinmations of & riser if ites
flexural stiffness is low. A formal asymptotic expansion is presented and
this method 1is applied to the non-linear behaviour of a long, flexible
riser. A series of model tank tests were carried out in a wave flume in
order to observe the non-linear response of the flexible riser system. The
system consisted of a flexible pipe suspended in a catenary between a
subsurface buoy and a surface buoy. These tests were designed to cover
different waves including both operating and severe environmental
‘conditions. The test results showed a reasonable agreement with analytical
results. (Edited author abstract) 17 refs. '
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LINEAR DYNAMICS 0OF FLEXIBLE RISERS.

FPatrikalakisy, N. M.j Kriezig, 5. A.

MIT, Cambridges, MA, USA

Source: J Offshore Mech Arct Eng v 109 n 2 Aug 1987 p 254-262

Fublication Year: 1987

CODEN: JMOEEX

Language: ENGLISH

Document Type: JA; (Journal Article) Treatment: T3 (Theoretical)

Journal Announcement: 8712

The objective of this paper is to present solutions for the linear
dynamics of flexible risers wusing a novel combination of efficient
embedding and asymptotic techniques. Numerical examples for a buoyant
flexible riser are included and the effects of the principle parameters are
discussed. Finallyy a numerical scheme employing the linear solutions to
develop a solution of the nonlinear problem is outlined. (Author abstract)
20 refs.
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DYNAMICS OF FLEXIBLE HOSE RISER SYSTEMS.

Vogels, H.j Natvigs B. J.

Aker Engineering A/S, 0slo, Norw .

Source: J Offshore Mech Arct Eng v 109 n 2 Aug 1987 p 244-248

Fublication Year: 1987

CODEN: JMOEEX

‘ Language: ENGLISH

Document Type: JA; (Journal Article) Treatment: T3 (Theoretical)

Journal Announcement: 8712

The paper describes a highly effective method for computing the dynamics
of the catenary-shaped suspensions of flexible hose systems. The method
accounts for a number of nonlinearities, it is JF~dimensional and it is
preformed in the time domain. The paper addresses the analysis method and
demonstrates its effectiveness on a sample flexible riser analysis. (Author
abstract) 4 refs.
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Source: Froceedings of the International Offshore Mechanics and Arctic
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Document Type! FA}] (Conference Faper)

Journal Announcement: 8707

The replacement of steel by lightweight materials is a new approach to
improve performances of deep water offshore structures and to reduce their
cost. The paper addresses the application of fiber-reinforced composite
pipes to multiline production risers. High-pressure composite pipes have
been developed by Institut Francais du Fetrole and Aerospatiale since 1978
for drilling and production systems. The paper presents some specific
advantages of composite pipe in comparison to a conventional steel
alternative. for several riser arrangements. The adequacy of composite pipe
performances to requirements for this application 1is then discussed.
Finally, the weight saving obtained for a typical case of multiline
production riser is evaluated. (Author abstract) 5 refs.
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NON-LINEAR DYNAMICS OF FLEXIBLE RISERS BY THE FINITE ELEMENT METHOD.
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E.I. Conference No.: 09552

Source: Froceedings of the International Offshore Mechanics and Arctic

Engineering Symposium &th v 1. Fubl by ASME, New York, NY, USA p 163~170
Fublication Year: 1987

CODEN: FIOSER
‘ Language: English
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A finite element solution for the analysis of the non-linear dynamic
axial and lateral motions of a flexible riser is presented. The governing
equations are derived including non-linear stiffness, excitation due to
surface vessel surgey; pitch and heave motions, and the effects of waves and
currents. The technique accounts for non-linearities such as hydrodynamic
damping and large angle deflections in the flexible riser. Results from the
simulation model are obtained in the time domain and make use of a general
purpose finite element computer program and software developed by the
authors. The static analysis under current loading only as well as normal
mode analyses are presented and results are included for risers having
relatively low bending stiffness. The results from the dynamic simulation
of the flexible riser, using the finite element approach, are compared with
those obtained in scale model experiments, where r(riser motions are

monitored using a purpose-designed underwater TV viewing system. (Edited
author abstract) 8 refs.
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MODEL BASIN TESTS ON MULTI-TURBE FRODUCTION RISERS.
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Model basin tests carried out at approximately 1/14 scale on two
production risers in a towing tank are described. One of the risers
considered is modelled on that used in the Buchan field, while the other
has a compact low drag configuration of the same production capacity. The
tensioning system was carefully modelled, and vessel surge motions were
accurately represented in both regular and irregular waves. Current was
represented by carriage motion. Some results are presented for bending
moment and displacement distribution for both models and comparisons are
made with computer simulations to deduce appropriate values +for
hydrodynamic coefficients. (Author abstract) 8 refs.
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DESIGN, TESTING AND OFERATION OF THE PRODUCTION RISER CONNECTORS FOR THE
HUTTON FIELD.




Chapman, J. C.§ Dier, A. F.j Dowlings, F. J.j Hobbs, R. E.j Myers, R. J.;

Fenfold, B. L.
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Conference Title: Proceedings of the Fifth International Offshore
Mechanics and Arctic Engineering (OMAE) Symposium.
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E.I. Conference No.: 089035
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The background to the main design decisions and the method of analysis
are described. The connector sustained the specified proof loading and an
overload without damage. Torque/rotation/preload relations are given. The
specified service fatigue spectrum was applied to each of three specimens
for the equivalent of 60 years without any cracking being detected.
Increasing levels of constant amplitude loading were then applied %o one
specimen to establish the approximate life and the mode of cracking.
Operational torque/rotation measurements are reviewed and suggestions are
made whereby the control system might be improved. (Edited author abstract)
S refs.
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NONLINEAR ANALYSIS OF FLEXIBLE RISERS USING HYBRID FINITE ELEMENTS.

McNamara, J. F.; O0'Brien, FP. J.i Gilroy, S. G.

Univ Coll, Galway, Irel

Conference Title: Froceedings of the Fifth International Offshore
Mechanics and Arctic Engineering (OMAE) Symposium.
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A method is developed for the two-dimensional static and dynamic analysis
of flexible risers and pipelines in the offshore environment under
conditions of arbitrarily large motions due to wave loading and vessel
movements. A mixed finite element formulation is adopted where the axial
force is independently interpolated and only combined with the
corresponding axial displacements via a Lagrangian constraint. Results are
presented for the motions and forces on a flexible riser connecting a
tanker to a subsea tower and also on a combined flexible riser and subsea
support buoy structure which is part of a floating offshore production
system. (Edited author abstract) 13 refs.
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DYNAMICS OF FLEXIEBLE HOSE RISER SYSTEMS.

Vogel, H.; Natvig, B. J.
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The paper describes a highly effective method for computing the dynamics
of the catenary shaped suspension of flexible hose systems. The method
accounts for a number of nonlinearities, it is 3I-dimensional and it is
performed in the time domain. The paper addresses the analysis method and
demonstrates its effectiveness on a sample flexible riser analysis. (Author
abstract) 4 refs.
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MODEL TESTS AND ANALYSIS OF FLEXIEBLE RISER SYSTEMS.

Owen, D. G.5 Qin, k.
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Conference Title: Froceedings of the Fifth International Offshore
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The paper first presents simple and approximate formulae developed by
catenary theory. Catenary solutions accurately describe the shape, tensions
and inclinations of a riser if its flexural stiffness is low. A formal
asymptotic expansion is then presented and this method is applied to the
nonlinear behaviour of a long, flexible riser. The paper develops the
governing equations for the non-linear dynamic analysis of a flexible riser
system and outlines one method of solution based on a finite element
approach. A series of model tank tests were carried out in a wave flume in
order to observe the non-linear response of the flexible riser system. The
system consisted of a flexible pipe suspended in a catenary between a
subsurface buoy and a surface buoy. (Edited author abstract) 25 refs.
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NONLINEAR DYNAMIC ANALYSIS OF FLEXIBLE RISERS DURING ENVIRONMENTAL
LOADING.

Hanseny, H. T.j Bergan, F. G.
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Conference Title: Froceedings of the Fifth International Offshore
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A method for computation of forces from waves and current on bar and beam
type structures during large displacement and large rotational motion is
presented. Two types of stationary waves are considered: Airy wave theory
and Stokes *3th order theory'. Short term sea states are also generated
from wave spectra using linear wave theory and stochastic processing. From
this particle velocity and acceleration histories are generated in a
three—-dimensional grid that encompasses the entire structure. The forces on
the structure are then derived from the relative motion between the water
particles and the dynamically tesponding structure using the socalled
Morison equation. The paper presents the simulation in time of the dynamic
response of a&a flexible riser during loading from waves and current.
Graphical display of the large amplitude rtresponse as well as some
statistical treatment of the results are given. (Author abstract) 14 refs.
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NONLINEAR STATIC ANALYSIS OF FLEXIELE RISERS.
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A method for computation of buoyancy forces on cable and beam type
structures is presented. A general large displacement formulation which
allows for displacements and rotations of unlimited size is assumed. The
finite deformation bending of flexible risers may be very large. Second
order hydrostatic pressure effects due to the curvature may therefore be of
particular importance for flexible risers. Alternative ways of introducing
hydrostatic nodal forces are discussed. Equilibrating forces for nodal
points as well as incremental force-displacement relationships are given.
Alternative ways of making the geometric load correction matrix symmetric
for incremental analysis is discussed. (Edited author abstract) 20 refs.
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CONSISTENT, LARGE-AMFLITUDE ANALYSIS OF THE COUPLED RESPONSE OF A TLF AND
TENDON SYSTEM. .

Paulling, J. R.j Webster, W. C.

Univ of California, Berkeley, CA, USA

Conference Title:  Proceedings of the Fifth International Offshore
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The tension 1leg platform (TLF) together with its mooring tendons and
drilling or production risers, forms a dynamic system with an infinity of
degrees of freedom. In the deep water applications for which it is
anticipated that TLF’s will be the most attractive, the mass of the
moorings and risers may be appreciable in comparison with the platform
massy and there will probably be considerable dynamic interaction between
the two systems. The present paper presents a consistent, nonlinear
procedure for the prediction of the large-amplitude coupled motions which
result from the action of wind, waves and currents on the platform and
risers. (Author- abstract) 7 refs.
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LIGHTWEIGHT COMFOSITE FPRODUCTION RISERS FOR A DEEF WATER TENSION LEG
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This paper describes the architecture of the individual composite
production risers of the PLTEB 1000 concrete tension leg platform, designed
for SO0 - 1000 m water depths, and presents the design procedure that
determines their dimensions. It emphasises the important influence of riser
apparent weight on platform payload. It shows that TLFs are more sensitive
to such weight than they are to structural deadload. Methods of calculating
the equivalent elastic characteristics of composite tubes are presented.
These characteristics allow wellheads to be fixed at deck level without
continual compensation of vertical relative movements. The principal
factors leading to differential profiles between adjacent risers are




identified and their relative influence discussed. It is shown that
individual production risers are a valid proposition in 1000 m of water, if
they are fabricated from lightweight, high strength composite materials.
(Edited author abstract) 12 refs. )
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DYNAMIC BEHAVIOR OF FLEXIBLE RISER.

Bratuy Ch.3 Narzul, F.

Inst Francais du Fetrole, Rueil-Malmaison, Fr

Conference Title: Behaviour of Offshore Structures, FProceedings of the
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A time—domain simulation model of flexible riser dynamic behavior is
presented. Various configuration can be analyzed by this computer program:?
catenary flexible pipe between the surface support vessel and subsurface
intermediate buoy, and ‘'lazy' or ‘'steep’ pipe configuration to the sea
bottom. Features of the long finite element of the riser, submitted to
water waves, current and surface support movements are described. The
numerical models which allows a short CFU time, simulates the dynamic
behavior of the riser, and calculates tensions and motions at various
points, i. e. top tension, radius of curvature at the lowest part, etc.
Comparison between some results of ten—month sea test (FRIGG FIELD, NORTH
SEA) of a flexible catenary pipe and computations is presented. (Author
abstract) 10 refs.

11/7/23
02119507 Monthly No: EIMB&O9-0L2529

VALIDITY 0OF QUASI-STATIC AND AFFROXIMATE FORMULAE IN THE CONTEXT OF CABLE
AND FLEXIBLE RISER DYNAMICS.

Ractliffe, A. T.

Univ of-Newcastle-upon-Tyne, Newcastle—-upon-Tyne, Engl

Conference Title: Behaviour of Offshore Structures, Froceedings of the
4th International Conference. :
Conference Location: Delft, Neth Conference Date: 1985 Jul 1-5

Sponsor: Delft Univ of Technology, Delft, Neth; London Univ, Cent for
Marine Technology, London, Englj MIT, Cambridge, MA, USA; Norwegian Inst of
Technologys Trondheims Norw

E.I. Conference No.: 08202

Source: Fubl by Elsevier Science Fublishers BV (Developments in Marine
Technology, v 2), Amsterdam, Neth and New York, NY, USA p 337-346

Fublication Year: 1985

ISBN: 0-444-42513-6

Language: English

Document Type: FA; (Conference Faper)

Journal Announcement: 8409

‘ The main purpose of this paper is to have a general study of the limits
of validity of quasi-static and linearized models when used in a dynamic
context. Two types of catenary cables are distinguished: the so-called

!




slack catenary where the lower end is tangential to the sea-bed and any
change of tension causes the cable to partially lift from or drop on to the
sea~bed. A slack catenary may become tight if the tension is sufficient to
lift the whole cable off the sea-bed, but the two terms do not necessarily
imply greater or lesser tension, since a tight catenary may have a large
dip. The first part of the paper presents all the formulae relating these
parameters on a static basis in a form which can be used directly and the

second part compares the static and dynamic response of slack catenaries.
14 refs.
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This paper outlines the capabilities of the AQUA subset of the ARARUS
finite element program for simulating marine risers and pipelines under
operational conditions. The AQUA suite is used mainly for nonlinear cases,
the nonlinearities being due to the fluid loading and the large motions and
stresses in  the piping structures. Typical examples include the response
due to waves and currents in deep water drilling and production risers;
mooring lines; flexible risers and tanker loading hoses; tension leg
tetherss offshore mining pipes; and the towing, drawdown and installation
of long strings of piping. ARUA also models. the J-tube pull operation, with
rigid or flexible J-tubes. (Edited author abstract) 10 refs.
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This paper details the approach taken to maximise the reliability of the
Hutton Tension Leg Platform (TLP) production riser tensioners. The design,
development, testing and operational performance of the tensioners are
described. In addition, the paper outlines the reliability analyses and
quality assurance procedures used. Operational experience of the production




riser tensioners installed to date on the Hutton TLP is summarised. (Edited
author abstract)
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This paper describes the rig used for the full-scale fatigue testing of
an oilfield production riser connection. The complex block-loading spectrum
and the need to co-ordinate data acquisition with the loading made a
real-time, computer—based control system an attractive, perhaps an
essential, solution. It is seen that in the integrated system of
electronics, servohydraulics and rig hardware, the computer functioned as a
man/machine interface. Aspects of safety to which the computer contributed
are highlighted, but the importance of electro-mechanical devices is also
recognized. It was found that a multiple checking technique was a valuable
tool in avoiding nuisance tripping of the safety circuit. Finally, the main

advantages of the computer-based control system are summarized. (Author
abstract)
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The SUBLOAD system for offshore loading of oil directly from a seafloor
terminal by a flexible riser deployed from a dynamically positioned shuttle
tanker is briefly described. The flexible riser is terminated at the lower
end by a Lower Riser Package (LRF). The LRP is equipped with thrusters to

control the lower riser end position during the docking- and LRF
connection—-phase. A mathematical model of the vessel/riser/LRF system is
given, and a simulation model is used for design of some of the LRF
parameters (weight, buoyancy, metacentre). This is done in order to

minimize the thrust force requirement for docking control purposes. Finally
a docking control system is designed based on a simplified model of the LRF
dynamics. (Edited author abstract) 4 refs.
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Conoco’s innovative Tension Leg Flatform in the northern North Sea has
presented the industry with a novel cleaning problem. Production risers
transport reservoir fluids from seabed to surface on Hutton. The cleaning
problem arises because these risers are protected from corrosion by a thin,
relatively—-fragile, coating of flame-sprayed aluminum (FSA). There is a
requirement to keep these risers free of marine growth, and the challenge
was offered to a wide spectrum of Uk-based companies to come up with a
viable, and necessarily innovative, system to remove this marine growth
without damaging the FSA. This paper describes the nature of the coating,
the coating’s susceptibility to damage from conventional cleaning methods
and gives an evaluation of some relevant cleaning techniques available
today. (Edited author abstract) 1 ref.
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This paper presents the experimental results of a joint industry riser
test program. Over a five-year period, an extensive experimental
investigation of hydrodynamic loads acting on various production risers was
carried out. The program included the laboratory testing of many multitube
riser configurations as well as a single cylinder. The primary objective of
this investigation was to establish an accurate measurement of the
hydrodynamic forces on bundle-type risers. The findings from this study
will present the hydrodynamic force coefficients for some marine risers
consisting of one or more cylinders interacting either only with currents
or oscillatory flow separately. Among the results outlined are the drag,
inertia, and 1lift coefficients for various composite risers as a function
of the Reynolds and Keulegan-Carpenter numbers. An analysis and synthesis
of the test data are also presented. 10 refs.

1177732
01871593 Monthly No: EIMB30S-028641 :
ASSESSMENT OF VORTEX SUFFRESSION DEVICES FOR FRODUCTION RISERS AND TOWED
DEEF OCEAN FIFE STRINGS.
Rogersy A. C.
Southwest Research Inst, San Antonio, TX,; USA
Conference Title: 1983 Froceedings - Fifteenth Annual Offshore Technology




Conference.

Conference Location: Houston, TX, USA Conference Date: 1983 May 2-5

Sponsor: AIME, New York, NY, USAj American Assoc of Petroleum Geologists,
Tulsa, 0K, USA; AIChE, New York, NY, USA; ASCE, New York, NY, USA; ASME,
FPetroleum Div, New York, NY, USA; et al

E.I. Conference No.: 04444

. Source: Froceedings - Annual Offshore Technology Conference 15th v 3.

Fubl by Offshore Technology Conference, Dallas, TX, USA OTC 4594, p 119-126

Fublication Year: 19873

CODEN: 0OSTCBA ISSN: 0160-3663

Language: English

Document Type: PA;} (Conference Faper)

Journal Announcement: 8505

This paper discusses vortex suppression devices as applied to deep ocean
production risers and pipestrings. The basic problem of flow induced
structural excitation is discussed as well as the present state-of-the-art
of vortex suppression devices. One of the most promising devices discussed,
the guiding vane principal,y is of 1945 vintage and on the average, all the
other concepts available for discussion are estimated to be of 1967
vintage. Based on a conclusion that drag reduction and structural symmetry
to flow are considered to be of equal importance to vortex suppression,
several basic types of devices are suggested. Configurations and pipestring
arrangements are portrayed and the need for an evolution of new concepts is
emphasized. 20 refs.

11/7/73%
01871591 Monthly No: EIMBISQS-028639

SENSITIVITY OF MARINE RISER RESFONSE TO THE CHOICE OF HYDRODYNAMIC
COEFFICIENTS. -

Labbey J. R.3§ Nikkel, K. B.3 Wang, Eade

Standard 0il Co of California, CA, USA

‘ Conference Title: 19832 Froceedings — Fifteenth Annual Offshore Technology

Conference.

Conference Location: Houston, TX, USA Conference Date: 1983 May 2-5

Sponsor: AIME, New York, NY, USA; American Assoc of Fetroleum Geologists,
Tulsa, OK, USA; AIChE, New York, NY, USA; ASCE, New York, NY, USA; ASME,
Fetroleum Div, New York, NY, USA; et al

E.I. Conference No.: 06444

Source: Froceedings -~ Annual Offshore Technology Conference 1Sth v 3.
Fubl by Offshore Technology Conference, Dallas, TX, USA OTC 4592, p 103-112

Fublication Year: 1983

CODEN: Q0STCEA ISSN: 01460-364673

Language: English

Document Type: FA; (Conference Faper)

Journal Announcement: 85095

The sensitivity of the response of typical marine risers to choices of
hydrodynamic coefficients is assessed. A time and frequency domain study of
typical drilling and production risers for water depths from SO0 to JI000
feet investigates the influence of the technique used to include the
hydrodynamic coefficients in the riser program as well as the value of the
coefficients for a range of environmental conditions. Data are presented to
guide the designer and analyst in determining how to model the riser
hydrodynamic coefficient and how accurately the coefficients must be known.
The tesults .of the study show that for most cases, constant coefficients
based on the maximum values of Reynolds and Keulegan-Carpenter numbers
occurring anywhere along the riser are sufficient for determining operating

.pat*ameter*s such as top tension and base angle. 1 ref.
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The paper deals with prediction of the behavior of a system including a
floating vessel (tanker, barge or semisubmersible) linked to an articulated
column used as anchoring facility and production riger. The simulation
program developed for this purpose is a I-dimensional program taking into
account non—colinear environmental conditions. Slow drift motions and
forces on the vessel are considered and integrated in a time simulation.
Extensive model tests were performed in order to calibrate the program on a
bi-articulated column. S refs.
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A deepwater production riser design developed by Mobil Research and
Development Corporation is presented. The riser consists of a lower rigid
section terminated about 200 feet below the sea surface with a tensioning
buoy assembly and a flexible upper section made of a bundle of flexible
pipes. It is designed to be compliant to waves,y currents and vessel motions
and applicable to both mild and severe environments. Design, analysis,
testing, and installation method are discussed. 9 refs.
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This article discusses the design and analysis of deep water marine riser
systems for floating production Ffacilities. Since the details of the
specific riser designs are generally proprietary and because the narrowness
of the overall topic, risers,; easily allows a general treatment for all
floating production facility riser designs, rather than focusing on a
specific riser installation, a slightly broader treatment is given.
Specific topics to be considered are basic floating production riser system
characteristics, global riser system analysis fundamentals, and
applications of the first two topics to a floating production riser system
design. 3 refs.
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Fublication Year: 1984

CODEN: PENGA6 ISSN: 0164-8322
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When a test program is planned, the test objectives should be clearly
defined. According to the scope of the objectives, one must decide whether
only partial data are required, or if complete physical coverage of all
pertinent parameters is required. The most difficult, and most expensive,
type of program is one designed to provide sufficient data for computer
analysis verification. Complete information on both forcing and response
functions must be simultaneously recorded, along with related data on
variations that concurrently occur at the boundaries. A complete set of
data on a riser’s deflected configuration is meaningless without full
knowledge of the pertinent force history that caused it. Conversely,
complete data on all aspects of the forcing functions are not usable in the
verification analysis without full knowledge of the deflected configuration
of the riser.
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A new normal mode spectral analysis method is presented for calculating
r. m. s. riser deflections, bending stresses and lower ball joint angles.




Forces on the riser consist of: non-linear fluid drag taking account of the
relative velocity due to tethered buoyant platform (TEP) motion, riser
elastic deflection and wave induced fluid velocity, wave induced fluid
acceleration, inertia forces due to TBP acceleration, and buoyancy. The
non-linear fluid drag forces are linearized using Tung and Wu's
approximation based on the r. m. s. relative fluid velocity and current. A

‘wide range of results is presented for risers in water depths up to 1000 m
and it is observed that 6 normal modes are sufficient for calculating
bending stresses. A static analysis is also presented for bending stresses
due to wave and curtent induced drag forces and riser offset. 10 refs.
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In the past decade, many hydrodynamic test programs have been conducted
to provide various levels of engineering insights into the force-response
mechanisms of drilling and production risers. The principal objective of
most full-scale test programs has been the verification of theoretical
analyses used for riser performance predictions by use of computer methods.
Before these present-day test programs were conducted very limited in-situ
performance data were available to corroborate calculated values of
hydrodynamic—-force systems and associated riser response properties.
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HYDRODYNAMIC FORCES ON MULTITURE FRODUCTION RISERS EXFOSED TO CURRENTS
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This paper presents the experimental results of a joint industry riser
test program. Over a five-year period, an extensive experimental
investigation of hydrodynamic loads acting on various production risers was
carried out. The program included the laboratory testing of many multitube
riser configurations as well as a single cylinder. Several major oil
companies sponsotred the project. The tests were made with rather
large—scale models which were: 1) held stationary in steady current, 2)
moved at constant speed or constant acceleration through a quiescent fluid
o through a moving fluid, and 3) held stationary in oscillating flow o+ in
steady current superimposed on oscillating flow. 10 refs.
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Regardless of the care devoted to design and construction of the riser
model, if the sea states are not properly simulated and monitored, the
tests may be inconclusive. Because the sea is ever-changing, it is claimed
that both the force systems and response envelopes should be treated in a
statistical manner. Most computer programs, however, develop the riser
response based on discrete load distributions according to definite
statements of. time increments. To verify theories for these types of
computetr programs, logical courses of action regarding selection of
hydrodynamic test parameters are considered. 4 refs.
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This paper presents the experimental results of a joint industry riser
test program., Over a five-year period, an extensive ' experimental
investigation of hydrodynamic loads acting on various production risers was
cartied out. The program included the laboratory testing of many multitube
riser configurations as well as a single cylinder. Among the results
outlined hetre are the drag, inertia, and lift coefficients for various

composite risers as a function of the Reynolds and Keulegan—-Carpenter
numbers. 2 refs.
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Since 1975, many alternative risers for use with SSFFSs (Semi-Submersible
Floating Production Systems) have been proposed and some have been tested.
The objective of this paper is to examine the fitness of a particular type
of riser for its purpose in the overall production system. First, the
alternative risers are describedy and then their influence on various
aspects of system configuration and operation is compared. Finally,
comments are made regarding an SSFFS with optimized configuration and
operating characteristics. 26 refs.
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Open—ended tubular columns may buckle globally as Euler columns due to
the action of internal fluid pressure even while they are in tension along
their entire length. Hydraulic columns, marine drilling and production
risers are, therefore, prone to such static instability. This paper
explains this phenomenons defines the critical riser length for which this
instability may occur and provides graphs with values of the critical
length which can readily be used for design proposes. 17 refs.
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The global buckling problem of slender tubular columns subject to
distributed load is studied. The load consists of the column weight,
tension / compression exerted at the top of the column, and internal and
external variable static pressure forces due to fluids in gravity field.
Nonmovable supports at the upper and lower columns ends define the boundary
conditions. The resulting nondimensionalized eigenvalue problem is general,
and applicable to columns, tubes,; pipelines,; marine drilling and production
risersy mining risers and legs of tension leg platforms. 1& refs.
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A Jjoint development program has produced a unique flowline swivel for
high-pressure natural gas service under continuous, small degree rotation,
oscillating service. The swivel uses an elastomeric bearing element made up
of alternate, frusto-conical shaped rings of metal and rubber (elastomer)
to absorb continuous small degree rotary oscillations or flexures of the
swivel. The swivel should be useful in offshore marine production riser
systems and loading terminals. 12 refs.
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Vortex-induced and galloping vibrations of flexible risers in steady,
uniform currents have been investigated. The cross sections consisted of a
bundle of pipes tied together to form a so-called multiple production
riser. The tests have been carried out in a wind tunnel at subcritical
Reynolds numbers, using spring mounted sectional models. & refs. '
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The Dorada Field floating production system, located offshore Spain in
310 ft of water in the Mediterranean Sea, utilizes three individual
production risers. This paper outlines the riser analysis methodology,
identifies several new aspects of production riser design analysis,
describes some pertinent results, and discusses the riser instrumentation
system developed to verify these results.
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Montoya, Luis 8.5 Lopez-Fanjul, Gonzalo M.

Source: Offshore Technol Conf 1Zth Annu, Froc, v 2s Houston, Tex, USA,
May 4-7 1981. Fubl by Offshore Technol Conf, Dallas, Tex, USA, 1981 p
219-334
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. Language: ENGLISH

Journal Announcement: 8203
This paper describes the industry's first functional installation of




"individual production risers from a three-well - cluster to a
semi-submersible. It outlines the alternatives consideredsy the design
criteria, the computer analysis developed, the equipment used and the
instrumentation system for monitoring critical riser and rig parameters. To
~accomplish the described purpose, three innovations which are prototype for
production risers have been introduced for each well in the Dorada Froject:
a flex Jjoint installed between the sub-sea tree and the risery a threaded
riser, and the tensioning system devised for it.
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MULTIFLE STRING FRODUCTION RISER ANALYSES — A COMFARISON OF METHODS.

Olson, R. J.5 Mclver, D. B. )

Battelle Houston Operat, Tex, USA

Source: Risersy Arct Des Criter, Equip Reliab in Hydrocarbon Frocess
Workb for Eng, Fresented at Fet Mech Eng Workshop and Conf, 3I7ths Dallas,
Tex, USA, Sep 13-15 1981 Fubl by ASME, New York, NY, USA, 1981 p 119-126

Fublication Year: 1981 ' ' '

Language: ENGLISH

Journal Announcement: 8202 :

A comparison is -made between two techniques for computer modeling of
multi-tube marine riser production systems. One technique models the
multi-tube system as a single equivalent riser, while the other technique
simultaneously models the individual risers in the system and their
structural ties. The riser equations of motion, multi-tube riser modeling
considerations, and sample comparison results are presented. Results
demonstrate that both riser system modeling techniques have limitations and

that the ultimate choice of technique will depend upan accuracy and
economic constraints.
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ARTICULATED MULTILINE FRODUCTION RISER FOR DEEPWATER AFFLICATION.

Ortloff, John E.j Caldwell, J. E.; Teers, Michael L.

Exxon Frod Res Co, Houston, Teix, USA _

Source: Risers, Arct Des Criter, Equip Reliab in Hydrocarbon Frocess
Workb for Eng, Fresented at Fet Mech Eng Workshop and Conf, 37th, Dallas,
Texs USA, Sep 13~15 1981 Fubl by ASME, New York, NY, USA, 1981 p 105-110

Fublication Year: 1981

Language: ENGLISH

Journal Announcement: B202

The need to produce oil and gas in water depths beyond the physical and
economical limits of fixed platforms and pipelines has led to the
development of a feasible concept for an articulated multiline flexible
marine production riser system. This study covers the history of the
concept development from inception to readiness for engineering design and
fabrication of a prototype test model. 4 refs.
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DESIGN, FABRICATION, AND INSTALLATION OF A FROTOTYFE MULTILINE MARINE
FRODUCTION RISER SYSTEM. ' :

Gammage, W. F.; Ortloff, J. E.; Teers, M. L.; Caldwell, J. E.

Exxon Coy New Orleans, La, USA .

Source: Risersy Arct Des Criter, Equip Reliab in Hydrocarbon Frocess
Workb for Eng, Fresented at Fet Mech Eng Workshop and Conf, 27th, Dallas,
Texs, USA, Sep 13~15 1981 Fubl by ASME, New York, NY, USA, 1981 p 99-103

Fublication Year: 1981 .

Language: ENGLISH

Journal Announcement: 8202




A multiline marine production riser and floating production, storage, and
terminal facility may be required for economic development of 0il and gas
reserves in remote, deep water locations. A deep water production riser
design has evolved through study, analyses, and model testing. In order to
gain experience, development confidence, and improve the riser design prior
to commercial application, a prototype has been built for testing as part

'o-F Exxon’s Submerged Froduction System offshore test in the Gulf of Mexico.
This study treats the design, manufacture, and installation of the
prototype multiline marine production riser system. 5 refs.
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STRESS BALANCED TAFERED COLUMNS IN MARINE RISERS.

Dareings D. W.

Maurer Eng Inc, Houston, Tex, USA

Source: FRisers, Arct Des Criter, Equip Reliab in Hydrocarbon Frocess
Workb for Eng, Fresented at Fet Mech Eng Workshop and Conf, 37th, Dallas,
Tex, USA,; Sep 13-15 1981 Fubl by ASME, New York, NY, USA, 1981 p 75-79

Fublication Year: 1981

Language: ENGLISH

Journal Announcement: B202

Tapered columns are widely accepted as a preferred method of controlling
bending stresses at the lower end of production risers. In addition, they
eliminate doglegs, . which develop in flexible joints, and produce a smooth
curvature between marine risers and well leads. This study gives a
calculation method for determining dimensions of tapered columns. Example
calculations show how this method is used to produce a stress balanced
" design.
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‘ MECHANICAL BEHAVIOR OF MARINE RISERS MODE OF INFLUENCE OF FPRINCIFAL

FARAMETERS.

Sparks, C. F.

Fr FPet Inst, Rueil-Malmaison, Fpr

Source: Journal of Energy Resources Technology, Transactions of the ASME
v 102 n 4 Dec 1980 p 214-2272

Fublication Year: 1980
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Language: ENGLISH

Journal Announcement: 8110

This paper attempts to identify the principal parameters that influence
the behavior of drilling and production risers and to explain how and why
they do so. Clear understanding of these influences enables particular
risers to be optimized rapidly without recourse to an inordinate number aof
computer analyses. The approach used in the paper has been to derive
analytical expressions, for simplified riser cases. Conclusions drawn from
these euxpressions have then been checked for validity, by using a dynamic
analysis computer program to simulate a wide range of cases. 6 refs.
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Mechanical Behavior of Risers Influence of Key Farameters.
LE COMFORTEMENT MECANIQUE DES RISERS INFLUENCE DES FRINCIFAUX FARAMETRES.
Sparksy C. P.
Inst Fr du Fet
Source: Revue de 1’Institut Francais du Fetrole v 35 n 5 Sep—-0Oct 1980 p
@s:i:-s:: -
Fublication Year: 1980
CODEN: RIFFA9 ISSN: 0Z70-5552
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Language: FRENCH

Journal Announcement: 8109

This article attempts to identify the key parameters influencing the
behavior of drilling and production risers and then proceeds to explain
this behavior. The following points of major concern to the riser designer
are discussed: stress levels along the riser’'s main length; angular
movement on seabed; and relative movement on the riser/platform connection.
The approach used in this paper was to derive analytical expressions for
simplified riser cases. 6 refs. In French with English abstract.
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FRODUCTION RISER ANALYSIS. v

Harper, M. F.
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Source: Froc of the Int Conf on the Behav of Off-Shore Struct, 2nd (EOSS
79y v 2, Imp Coll, London, Engl, Aug 28-31 1979 Fubl by BHRA (Er
Hydromech Res Assoc) Fluid Eng, Cranfield, Bedford, Engl, 1979 p Z07-212

Fublication Year:i: 1979

Language: ENGLISH
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The dynamic analysis of a multibore production riser in a northern North
Sea environment is discussed. Results presented concern the bending moment
response due to random wave loading and the sensitivity of these results to
variations in hydrodynamic coefficients. 2 refs.
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ASFECTS OF HYDRODYNAMIC LOADING IN DESIGN OF FRODUCTION RISERS.
Lokeny A. E.; Torset, 0. F.; Mathiassen, S.; Arnesen, T.
Det Nor Veritas, Norw
. Source: JFT, Journal of Fetroleum Technology v 32 n S May 1980 p 881-8B%90
Fublication Year: 1980
CODEN: JFTJAM ISSN: QO22-3522
Language: ENGLISH
Journal Announcement: 8011
In recent years, much attention has been paid to analyzing the response

of drilling risers. Most effort has been focused on the development of
structural and analytical techniques to predict the stresses in riser
systems. This paper describes an experimental program undertaken to

understand better the hydrodynamic loading of multitube production risers.
Test results are described, and a generalization is given for engineering
applications. Sample design calculations are performed. 13 refs. '
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SANTA BARBARA SALM -—- A FPROTOTYFE DEEFWATER FRODUCTION RISER AND FLOATING

FRODUCTION SYSTEM.
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The Hondo offshore storage, oil treating, and off-loading system in the
Santa PRarbara Channel, California, contains most of the essential features

f a deepwater floating production system. This paper discusses the design
concept, including dynamic analysis, earthquake design, fatigue analysis,
and the high-pressure flow system. A current status report and future plans




for the project are given. 9 refs.
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FRODUCTION RISER TECHNOLOGY MOVES INTO DEEFER WATER.

Gunderson, R. H.§ Lunde, F. A.
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0il production from deepwater wells requires special subsea production

risers and equipment. This article examines latest developments in the
design of deepwater production risers, with special emphasis on Exxon's
production riser system. Exxon is now testing its Subsea Froduction System
(8FS)y which is designed for diverless operation to 2,000-ft water depths
in an offshore Louisiana location. Riser flowlines and other components are
described. 192 refs.
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EXXON'S NEW DEEFWATER FRODUCTION RISER.

Bunderson, R. H.: Lunde, F. A.

Exxon Frod Res Cos Houston, Tex .

Source! Ocean Industry v 13 n 11 Nov 1978 p &7-70, 73
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Exxon’s deepwater production terminal, applicable for use in water depths

to over 35000 ft in rough water environments, consists of a SALM (Single
Anchor Leg Mooring) production riser and a floating storage tanker with
production facilities on board. The riser serves three main functions: (1)
it moors the storage vessel, (2) serves as a support for the fluid lines,
and (3) serves as a support for communication lines to subsea production
equipment. Two basic analytical programs were used to design the riser: (1)
RISDYN, a large deflection special-purpose riser dynamic analysiz program,
and (2) RCYCLO, a fatigue analysis program. Initial sizing is based on
design forces developed for the maximum design storm (usually, the 100-year
storm). 19 refs.

11/7/768

0O768150 Monthly No: EI7812091385

DEEFWATER FRODUCTION RISERS,
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Journal Announcement: 7812

Exxon’s deepwater production terminal, applicable for use in water depths

to over 5000 ft. and in rough weather environments, consists of a SALM
(Single  Anchor Leg Mooring) production riser and a floating storage tanker
with production facilities on board. The separated gas and water are
disposed of by reinjection into the formation. Shuttle tankers offload the
crude oil by tandem mooring to the storage tanker. This paper describes the
broad concepts of the riser system including the design criteria. Exxon has




"

conducted extensive model tests and analyses on this system to assess its
feasibility and has designed several SALM systems for various parts of the
world. The design of a new structural system requires establishing design
criteria consistent with good engineering practice and safety
considerations. The Exxon riser system design criteria has been developed
using established codes and emerging code requirements for offshore loading
terminals modified to fit the functional and structural characteristics of
the Exxon SALM. 19 refs.
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DESIGN, FABRICATION, AND INSTALLATION OF A FROTOTYFE MULTILINE MARINE
FRODUCTION RISER SYSTEM.
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Faper No. 76-Fet-45.
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ARTICULATED MULTILINE FRODUCTION RISER FOR DEEFWATER AFFLICATION.
Ortloff, J. E.5 Caldwell, J. E.; Teers, M. L.
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FIRST FLOATING PRODUCTION FACILITY -- ARGYLL.
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This paper presents the history and 20-month operating experience of the
first Floating FProduction Facility —— " Argyll Field —— North Sea " . The
field was developed using subsea wells which produce through a production
riser and up to a semisubmersible where the produced fluids are treated.
The produced oil is shipped back down the riser to a Single Foint Mooring
System and tanker. Data on the design and operating experience of the
subsea wells, flowliness production riser. Semisubmersible, process
equipment, SFM and tanker are reported. Z refs.
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