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Overview

Marine Riser Systems Capabilities

INTECSEA, headquartered in Houston, Texas was formed in 2008 by the joining
of heritage Intec with heritage Sea Engineering to provide consolidated floating
systems, risers, pipelines and subsea engineering and construction management
services within the global WorleyParsons Group. INTECSEA has established
operating offices in Houston, Texas; Kuala Lumpur, Malaysia; Singapore; Delft,
The Netherlands; Rio de Janeiro, Brazil; Perth and Melbourne in Australia; and
London, UK.

INTECSEA’s major areas of expertise include subsea and floating production
systems, marine pipeline and riser systems, Arctic pipelines, marine terminal
systems, and Arctic structures. Additional areas of expertise include flow
assurance and operability, marine surveys, marine operations and offshore
equipment design. The document describes INTECSEA's capabilities and
experience specific to Riser Systems and Structures.

Engineering design and construction management of marine riser systems has
been one of both INTECSEA and Sea'’s core business areas since the companies
were formed. Although many other engineering disciplines and other business
areas such as offshore terminals, subsea and floating production systems,
onshore pipelines and facilities were part of INTECSEA and Sea’s range of project
services, marine riser systems remained a major business area.

INTECSEA'’s capability in marine riser systems has kept pace with the industry as
functional requirements for deepwater and hybrid riser concepts have evolved.
Initially INTECSEA's experience in marine riser systems was primarily focused on
conventional and flexible pipe riser concepts. Conventional riser concepts
consisted of steel piping systems attached to platform jackets. For floating
production systems, a more compliant flexible pipe riser system was required.
INTECSEA has been responsible for engineering design through installation and
commissioning of a significant number of projects that have involved both types of
riser systems. Sea’s early focus was on top tensioned risers for both production
and drilling. Sea performed design and analysis for many projects from initial
concept development through frication and installation. Sea later expanded into
the design of steel catenary risers as well as free standing hybrid risers.

To meet industry goals of cost reductions and the technical challenges of increasing water depths,
alternative riser concepts such as Steel Catenary Risers (SCRs) or Hybrid Riser Towers have become
viable riser options. In 1987, INTECSEA performed a Joint Industry Study to evaluate Subsea and
Production Riser Enhancements for Gulf of Mexico Deepwater Field Developments. This study included
several compliant riser concepts one of which was a hybrid riser consisting of a submerged rigid riser with
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flexible pipe connections to the floating host facility. In 2006, Sea designed a free standing riser concept
for early development of marginal fields and went on to install a prototype demonstration free standing riser
(full scale) in 3000 ft water depth in the Gulf of Mexico. INTECSEA continues to develop these concepts,
and has been responsible for the design of insulated and non-insulated SCRs for both fixed platforms and
floating host facilities.

INTECSEA has extensive core capability for top tensioned riser (TTR) systems associated with drilling and
production operations. To facility well access for drilling and workover operations, such risers are arranged
in a vertical or near vertical configuration and are top tensioned either via hydro-pneumatic tensioner
system or passive buoyancy units, or in some cases tied directly to the platform deck. Such risers form an
integral part of the well system and often carry internal casing and production strings plus dry xmas tree at
deck level. Other specialized components include stress joints; flex joints, tensioner spool joints, keel
joints, buoyancy collars, wellhead tieback connectors, and mechanical connectors, BOPs etc. INTECSEA
engineers have extensive experience with system engineering, analysis, material specification,
procurement, component design, testing and installation for such TTR systems. To support detailed riser
system engineering and analysis, INTECSEA has acquired extensive experience with a wide range of
specialized software tools. Analysis packages routinely utilized include the AQWA suite of programs for
vessel motion analysis, FREECOM, MODES and FLEXCOM for frequency and time domain riser
response, ORCAFLEX for general time domain studies, installation analysis and coupled
riser/mooring/vessel dynamics, RIFLEX for specialized riser simulation studies, SHEAR7 and VIVA for VIV
fatigue assessments, ANSYS for complex non-linear system behavior or local component analysis and
design, and ABAQUS for static and dynamic analysis of PIP SCRs accounting for structural interaction
between the inner and outer pipes. These key programs run on a network of high specification PCs and
are supported by INTECSEA's extensively verified in-house calculation and design procedures. Key to
INTECSEA's efficiency and reliability in delivery of analysis results are the extensive suite of proprietary
pre and post processors tying the analysis packages together.
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Marine Riser Systems
Capabilities and Resources

Project Name/

Location

Bass Lite

Gulf of Mexico

Thunderbird
Gulf of Mexico
Shenzi Gas
Export Riser
Gulf of Mexico
Shenzi

Gulf of Mexico

Tahiti SCR
Support

Gulf of Mexico

Cascade and
Chinook Free
Standing
Hybrid Riser
Engineering
Support

Tubular Bells
and Puma
Field
Developments

Gulf of Mexico

Client

Mariner Energy

Murphy

Enbridge

BHP Billiton

Chevron
Texaco

Petrobras

BP

Project Description/Size
(TIC Value)

Certification Verification Agent (CVA) for the Bass Lite, 8-
inch SCR on the Devil's Tower Spar, in Block MC773 in the
Gulf of Mexico. The work scope includes CVA for design,
fabrication and installation, in accordance with MMS
guidelines stipulated in NTL. No. T-156c¢2.

Technical support for conceptual engineering of flowline
risers tied back to existing Spar in 5,700 feet water depth.
Performed clashing analysis to establish riser layout.

Detailed design of 12-inch gas export SCR on the Shenzi
TLP in 4,375 feet water depth.

Pre-FEED and FEED of six initial and four future SCRs
from a TLP in 4,375 feet water depth. Assisted client in
host platform selection with respect to riser design. Also
performed umbilical clashing checks and established
layout.

Detailed design of the 6 initial in-field risers, and provision
of interface loads for strength and fatigue design of
receptacle and porches.

Consultancy services related to production and export
risers, connected to a truss Spar in 4,000 feet water depth,
including material selection, material and equipment
specifications, welding and NDT, pipe end ID machining,
fatigue testing, hang-off method selection and design,
permit application and cathodic protection design. Provision
of technical support for fabrication and installation of the
export risers.

Engineering support for design, procurement and
construction of four 7.5-inch production and one 6-inch gas
export free standing hybrid risers in 8,200 ft of water in the
Gulf of Mexico.

Appraise and pre-Select phases of production, gas lift,
water injection, and export SCRs design for a range of host
platform options. Identified key technology gaps and
feasibility issues. Pre-select work focuses on providing
support for host platform, mooring system selection, and
SCR feasibility with and without HIPPS.

Type of

Riser

SCR

SCR

SCR

SCR

SCR

Hybrid
Riser

SCR

Finish
Dates

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

2007
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Project Name/

Location Client
Mardi Gras BP
Transportation
System
Gulf of Mexico
Seawater Confidential
Hybrid Riser
Shenzi Oil Enterprise
Export Riser
Gulf of Mexico
Tiof Field Sea
Development Engineering
Offshore West
Africa
Confidential Confidential
Offshore
Indonesia
Oveng/Okume Hess
Kikeh Modec/

Murphy Oil
Kikeh Fluid Murphy QOil
Transfer Line
Technical
Audit
Offshore

Indonesia

Project Description/Size
(TIC Value)

Select, define and execute phases for oil and gas export
pipeline systems associated with the Mardi Gras
Transportation system for Mad Dog, Thunder Horse,
Holstein and Atlantis projects. SCR sizes range from 16-
inch to 28-inch with water depths in the range of 4,500 feet
to 7,140 feet. During the select phase, key issues relating
to SCR performance, such as dynamic response, VIV
motions and fatigue performance were identified. These
design aspects have been successfully engineered during
the preliminary and detailed design phases. Provision of
technical support to procurement and construction
activities.

Special application design for a large diameter single bore
hybrid riser in 800 m water depth. Performed full technical
feasibility assessment including preliminary design,
constructability, installability, operational reliability and cost.

Detailed design analysis of 16-inch oil export SCR on the
Shenzi TLP in 4,375 feet water depth.

Technical support for conceptual engineering of SCRs and
flexible risers for the Woodside Tiof field development
offshore Mauritania. Wall thickness and payload
calculations.

Concept study, FEED and post-FEED design of mid-water
production fluid transfer system. Concept study identified
and assessed several fluid transfer system solutions. The
selected solutions were taken further in the FEED,
establishing preliminary design and installation procedures,
and development of cost and schedule estimates for mid-
water arch buoy and simple-U flexible pipe solutions.
Detailed design of mid-water arch buoys and suction piles,
flow assurance, fatigue analysis of static flowline flexible
pipe, flexible-to-flexible clashing analysis, and conceptual
design of hang-off support equipment.

Top Tension Riser design, procurement and installation
assistance

Prepared drilling riser design specification and preliminary
analysis; prepared design specification for drilling and
production risers

Technical audit of the SBM GAP fluid transfer system
focusing on fatigue performance. Included detailed review
of the global performance analysis for operating and
installation conditions, and of the fracture mechanics
analysis and weld defect acceptance criteria philosophy.

Type of
Riser

SCR

Hybrid
Riser

SCR

SCR/
Flexible

Flexible

TTR

TTR

Fluid
Transfer
Line

Finish
Dates

2007

2007

2007

2006

2006

2006

2006

2006
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Project Name/
Location

P55 Field
Development
Offshore Brazil
Jack Field
Development

Gulf of Mexico

Polvo Field
Development

Offshore Brazil

0JS Field Joint
Impact
Assessment

Neptune
Export Risers

Gulf of Mexico

Flexible Hose
Failure
Investigation

Confidential

Gulf of Mexico

SCR Integrity
Study

Northern Block
G (Okume
Complex)

Offshore
Equatorial
Guinea,

West Africa

Client

Petrobras

Alliance
Engineering

Devon

0Js

Enbridge

Oleoducto De
Crudos
Pesados (OCP)
Ecuador S.A.

Confidential

US Department
of the Interior,
Minerals
Management
Service (MMS)

Amerada Hess

Project Description/Size
(TIC Value)

Main contractor responsible for FEED engineering of 7
selected SCRs connected to a semi-submersible platform
in Roncador field, Campos Basin in 1,795 meters water
depth.

Conceptual engineering of multi-bore riser towers for turret-
moored FPSO in deepwater Gulf of Mexico. Developed
concept solution of multi-bore riser tower, specification of
riser layout, wall thickness, insulation and distributed
buoyancy requirements, top buoyancy unit sizing and
calculation of jumper loads.

Preliminary engineering of production and water injection
flexible risers connecting FPSO and fixed platform in 100
meters water depth, including dynamic strength and
clashing analysis for Lazy-wave and simple catenary
configurations.

Investigation of impact energy absorption of polyurethane
field joint coatings for large diameter pipeline. Analytical
model was developed and verified against test results for
trawl gear impacting.

Detailed design of 20-inch oil export and 12-inch gas export
SCRs on the Neptune TLP in 4,200 feet water depth.

Assisted OCP in investigating a submarine hose failure
under SPM CALM buoy at 41 m water depth. Scope covers
examination of failed hose, review of design and review of
installation and operation records.

Conceptual study and cost estimate of hybrid riser
solutions for production and water injection risers and
umbilicals connected to turret-moored FPSO in 8,200 feet
water depth.

Probabilistic Reliability and Integrity of Large Diameter
SCRs for ultra-deepwater operations. Five study topics
were investigated with respect to assessment of the
reliability and integrity of large diameter SCRs for ultra-
deepwater applications. Study water depth was 10,000 ft.

FEED and detailed engineering of 8 flexible risers
connecting subsea flowlines to two TLPs in water depths of
920 feet and 1,640 feet, respectively, and a 12-inch oll
export flexible riser connecting to an FPSO in 320 feet
water depth. FEED engineering included configuration
design, temporary seabed storage arrangement, minimum
riser length requirement and flexible riser specification.
Detailed design included preliminary installation analysis, I-
tube and hang-off design review, static, clashing and
extreme events dynamic analysis to establish riser
configurations, bend curve stability and routing, interface
loads and bend stiffener requirements, and finalization of
the flexible riser specification. Work scope also included
procurement package engineering and installation support.

Type of
Riser

SCR

Riser
Tower

Flexible

SCR/
Pipeline

SCR

Flexible
Hose

Hybrid
Riser

SCR

Flexible

Finish
Dates

2006

2006

2006

2006

2006

2006

2006

2006

2006
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Project Name/ . Project Description/Size Type of Finish
. Client i
Location (TIC Value) Riser Dates

Genghis Khan Anadarko Preliminary and detailed engineering of subsea tie-back to SCR 2006
Marco Polo TLP in 4,300 feet water depth. The dual

production flowlines are connected to the TLP by two 6-

inch SCRs with titanium stress joints. INTECSEA provides

technical support to procurement, fabrication and

installation activities.

Gulf of Mexico

Blind Faith Chevron Concept screening and cost estimate, Pre-FEED and PIP SCR 2006
. Texaco FEED of subsea tie-backs to various host options via PIP

Gulf of Mexico SCRs. Local host is in 7,000 feet water depth. FEED study
evaluates SCR and hybrid riser options. Semi-submersible
and Spar host types were considered. The SCRs were very
challenging with features such as high temperature, high
pressure, pipe-in-pipe and sour service. SCRs with Lazy-
wave tails were assessed to establish SCR feasibility.
Static and dynamic FE modeling of PIP SCRs were
performed using ABAQUS to capture the structural
interaction between the inner and outer pipes. Provision of
support for review of umbilical structural design and VIV
analyses.

Agbami Field Chevron Front End Engineering Design and development of EPIC SCR 2006
Development Texaco bid packages for an FPSO and subsea systems, including
flowlines, risers and export system for a major field
grfser:i(;re development in 1,400 m water depth. The riser and
9 umbilical system includes eight 8-inch production risers,
four 6-inch gas injection risers, four 4-inch water injection
risers and four umbilicals, all connected to the FPSO via |-
tubes. Earlier FEED work included detailed fatigue
assessment for SCR risers hung off the side of the spread
moored FPSO, and oil off-loading lines from the FPSO to a
CALM buoy. Concepts investigated included simple
catenary flexible risers, riser towers and tension leg risers.

ECA Safety BP Joint effort with Energo Engineering to establish SCR 2006
Factors appropriate safety factors for SCR weld engineering
criticality assessment (ECA) using reliability methods.

West Seno B Unocal Performed detailed engineering and procurement package TTR 2005
for the TLP drilling/production riser system

Frade Project Chevron FEED engineering consisting of preliminary design of 32 Flexible 2005
. Texaco flexible risers, connecting subsea structures to a turret-

Offshore Brazil moored FPSO in 3,500 feet water depth. Work scope

included determining riser layout, performing static,

clashing, VIV and dynamic analysis to establish interface

loads and bend stiffener requirements, cost estimate and

prepare flexible riser specification and ITB packages.
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Project Name/
Location
Confidential

Gulf of Mexico

Genghis Khan
Riser
Receptacle
Fatigue
Assessment

Gulf of Mexico
Horn Mountain

Gulf of Mexico
MMS Mars
FlexJoint Root

Cause Failure
Analysis

Mobile Bay
AB-BSB

Offshore
Alabama, USA

Anadarko GC
518

(K2 North)

Gulf of Mexico

Marco Polo

Gulf of Mexico

Marco Polo
Field
Development

Gulf of Mexico

Client

Confidential

RTI Energy
Systems

BP

US Department
of the Interior,
Minerals
Management
Service (MMS).

ExxonMobil

Anadarko

El Paso
(Modec)

El Paso Energy
Partners

Project Description/Size
(TIC Value)

Conceptual study and cost estimate of single leg free-
standing riser in 8,900 feet water depth.

Fatigue assessment of riser receptacle housing two
titanium tapered stress joints of the Anadarko Genghis
Khan riser’s tie-back to the Marco Polo TLP in 4,300 feet
water depth.

Design review and verification analysis of the 12-inch oil
export SCR re-fitted with titanium stress joint, hung off a
Spar in 5,360 feet water depth.

Represented the MMS in investigations into the root cause
of the Mars FlexJoint failures. Work scope included full
member participation, as the MMS representative in the
RCA team, comprised of Shell, BP, Oil States and MMS.

Performed riser detailed design, cost estimates and
schedules, and constructability. Supported procurement of
line pipe and coatings, and prepared bid packages for
installation.

Preliminary and detailed engineering of subsea tie-back to
Marco Polo TLP in 4,300 feet water depth. The dual
flowlines are PIP and are connected to the TLP via two 6-
inch SCRs. The challenging aspect of the project was to
satisfy the riser top tension limits, and at the same time to
avoid interference between risers and between the risers
and other structures. The fast track nature of the project
required prioritizing key design aspects. Provision of
technical support to procurement, fabrication and
installation activities.

TLP production riser design and fabrication engineering on
behalf of Modec. Design included all components in riser
and the tensioner.

Project Management, detailed design of gas well export
pipelines and SCRs. The 20/28-inch gas pipeline is 73
miles long and connected at its shallow end to Typhoon
pipeline system in 1,700 ft water depth by diverless
connection. The 14-inch pipeline is 37 miles and connects
to Allegheny pipeline system in 2,800 ft water depth by
diverless connection. Both pipelines connect to the Marco
Polo TLP in GC 608 by 18-inch gas SCR and 12-inch oil
SCR in water depth of 4,300 ft. The Marco Polo TLP is the
deepest TLP up to date.

Type of
Riser

Single
Leg
Free-

standing
Riser

SCR

SCR

SCR

Conventi
onal
Rigid

SCR

TTR

SCR

Finish
Dates

2005

2005

2005

2005

2004

2004

2004

2004
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Project Name/

Location Client
K2 ENI
Gulf of Mexico
Olowi Field Pioneer
Development Resources
Offshore Gabiq-é)low
Gabon, West
Africa
Marathon Tie- Marathon
back Study,
Gulf of Mexico
Kizomba A ExxonMobil
Offshore West
Africa
Block 12 Brunei Shell
Development Petroleum Co
Project
Offshore
Brunei
PID 029 CHPS Brunei Shell
Pipeline Petroleum Co
Replacement
Project
Offshore

Brunei

Project Description/Size
(TIC Value)

Preliminary and detailed design of subsea tie-back to
Marco Polo TLP in 4,300 feet water depth. SCR size is 7-
inch. The challenging aspect of the project was to satisfy
the top tension limits on the TLP, and at the same time to
avoid interference between risers and between the risers
and other structures. Provision of technical support to
procurement, construction and installation activities.

The flexible riser scope for FEED engineering consisted of
conceptual design of three nominally 4-inch ID insulated
flexible risers, two oil and one fuel gas, connecting PLEMs
to an FSO in water depths from 95 feet to 120 feet.
Configuration studies were performed to develop an
optimum solution. Analyses were performed to determine
loads for PLEM design. A flexible riser specification and
scope of work was developed for inclusion in ITB
documentation.

Subsea tie-back feasibility and costing study. Provision of
riser engineering support to subsea development study.
Riser water depth is 4,670 ft. Scope included riser
configuration and costing.

VIV verification analysis of two 20-inch steel oil off-loading
lines connected between an FPSO and a CALM buoy.
Work included assessment of impact on VIV fatigue with
the off-loading buoy being modeled as a fixed boundary or
as a spring-mass system. Key sensitivities in the system
with respect to VIV were identified and the VIV suppression
requirements were confirmed.

Riser detail design on the AMDP-06 platform.

CHPS Pipeline Replacement Project riser system on the
AMRJ-02 platform.

Type of
Riser

SCR

Flexible

SCR

Oil Off
Loading
Line

Conventi
onal
Rigid

Conventi
onal
Rigid

Finish
Dates

2004

2004

2004

2004

2003

2003
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Project Name/

Location Client
Bonga Field Stolt Offshore
Development
Nigeria
Champlain Chevron
Gulf of Mexico Texaco
Merah Besar UNOCAL
West Seno UNOCAL
Indonesia
West Seno SEA
Indonesia Engineering
Angsi C and Petronas
Angsi E Carigali Sdn
Development Bhd
Offshore
Terengganu
Sumandak Petronas
(SMDK-A) Carigali Sdn
Development Bhd
Project
Offshore
Sabah
Magnolia Field Conoco

Development

Gulf of Mexico

Project Description/Size
(TIC Value)

Detailed design of 16-inch gas export pipelines and SCR,
two 12-inch water injection flowlines and SCRs, and six 10-
inch and two 12-inch production SCRs. The SCRs are
connected to a permanently spread moored FPSO at a
water depth of 1,100 meters. The work included layout of
the infield flowlines, export pipeline route selection, flow
assurance of the gas export pipeline and water injection
flowlines, detailed mechanical design, fatigue assessment,
ECA, preparation of material specifications, requisitions
and performance of technical bid evaluations.

Provision of riser engineering support to field development
studies and cost estimates. The development consisted of
scattered subsea wells with a local host in 4,000 feet water
depth.

Pre-FEED study of export pipelines and SCRs connected
to a TLP in 2,000 ft water depth. Performed riser sizing and
determined configurations. Obtained design parameters for
the SCR hang-off system options. Developed riser system
cost and installation schedule.

Detailed engineering and project management for the
drilling/production riser design and fabrication for TLP in
3350 ft water depth, 28 risers made of steel and titanium.
Provided installation support.

Detailed design of three pipelines and six SCRs for the
Phase Il development, with the SCRs connected to a TLP
and a spread moored FPSO in a water depth of 3,300 feet.

Detailed design services for six separate pipeline systems
consist of:

e Four 10-inch FWS risers ANDP-C, ANDR-A and on
ANDP-E.

e Four 10-inch water injection risers on ANPG-A, ANDP-
C and ANDP-E.

* Four 6-inch gas lift risers on ANDR-A, ANDP-C, ANDP-
B and ANDP-E.

Detailed design services for four risers:
e Two 8-inch gas lift risers (at SMG-A to SUDP-A).
e Two 16-inch FWS risers (at SUDP-A to SMP-B).

Design verification for the Top Tensioned Risers (TTRs) on
the Magnolia TLP. Scope included weight estimates,
tension requirements, static analysis, vortex induced
vibrations, extreme conditions, fatigue and interference.

Finish

Dates

2003

2003

2003

2003

2003

2002

2002

2002
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Project Name/

Location Client
Kizomba A ExxonMobil
Offshore West
Africa

Ormen Lange
Field
Development

Norsk Hydro

Boomvang/ Kerr McGee
Nansen
Gulf of Mexico
El Paso Prince El Paso
Field

e (Modec)

Development
Gulf of Mexico

El Paso Prince

Field Partners
Development

Gulf of Mexico

Thunder Horse BP Amoco

Field
Development

Gulf of Mexico

Esso Marine Esso Thailand
Terminal
Pipeline

System

Sriracha,
Thailand

Allegheny British Borneo

SeaStar TLP

Gulf of Mexico

El Paso Energy

Project Description/Size
(TIC Value)

Work scope included review of contractor’s design reports
on Single Hybrid Risers (SHR), design verification in
selected areas, interface coordination and technical
support to project management.

Riser scope of work includes layout study, analysis/basic
design and costing for various riser concepts for production
and export risers in 2,950 feet water depth. The system
configurations evaluated included SCR, SCR with Lazy-
wave tail, bundled riser tower and single riser towers.

Systems engineering for the joint partnership between Kerr
McGee, Ocean Energy and Reading and Bates Falcon’s
Boomvang/Nansen Subsea field development. Three
FEED studies have investigated and evaluated the
feasibility of using either a flexible riser or SCR solution for
the infield and export pipelines in 4,000 feet water depth.
Key technical issues included design and procurement of
keel bellmouths for flexible risers, vortex induced vibrations
of flexible risers within the truss section of the spar,
interference analysis and installation issues.

Developed design basis, riser system configuration, and
assisted with procurement of production risers.
Participated in riser offshore installation

Detailed design of 12-inch oil and 12-inch gas export SCRs
connected to the Moses TLP in 1,492 feet water depth in
Ewing Bank 1003. One key SCR design challenge was the
record breaking shallow water depth (previous shallowest
water depth for SCRs connected to floating platform was
1,700 feet for the Morpeth TLP).

Conceptual engineering study for Thunder Horse Field
Development to determine feasibility of utilizing subsea well
system with host semi-submersible for drilling and
production operations. Two subsea manifolds are utilized
each of which is connected back to the platform via five 10-
inch flowlines and SCR risers. The dynamic response and
fatigue performance of the SCRs was investigated in detail
to confirm the feasibility of the concept.

Eight 12-inch and two 2-inch diameter risers from an
offshore tanker terminal to an onshore refinery.

Design verification for the 12-inch export SCRs for the
Allegheny SeaStar TLP in 3,300 feet water depth. VIV
fatigue assessments were performed using SHEAR?Y.

Type of
Riser

Single
Hybrid
Riser

SCR,
Lazy
Wave,
Riser
Tower

SCR

TTR

SCR

SCR

Conventi
onal
Rigid

SCR

Finish
Dates

2002

2001

2001

2001

2001

2000

1999

1999

10
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Project Name/ . Project Description/Size Type of Finish
. Client .

Location (TIC Value) Riser Dates
Angola Block Exxon Multiple 6-inch to 10-inch flowlines in 1,200 meter water Flexible 1999
15 Project Upstream depth including pipe-in-pipe and bundles. Flexible risers and

Development and hybrid riser towers for connection to an FPSO. Hybrid
Offshore West Com

; pany
Africa
Tapis-E Field Esso Production | Two 12-inch diameter productions, two 10-inch diameter Conventi 1998
Pipeline Malaysia Inc. water injections and two 6-inch diameter gas lift risers at onal
Detailed Tapis-E, Tapis-A, and Tapis-B Platforms. Rigid
Engineering
Design
Offshore
Malaysia
King/King's Heerema Preliminary engineering design of high pressure oil and gas | PIP SCR 1998
Peak Field Marine SCRs for BP Amoco King and King’s Peak Fields in water
Development Contractors depths of 5,500 feet and 6,800 feet respectively. The King
Gulf of Mexi Field consists of five subsea wells producing through 6-inch

ulr ot viexico and 10-inch pipe-in-pipe (PIP) flowlines tied back to Spar
facility using pipe-in-pipe SCRs. This represented first
application of pipe-in-pipe SCR system.
Neptune British Two 26-inch export pipelines and SCRs in 6,000 feet water SCR 1998
Subsea Petroleum depth.
Development Exploration Inc.
Project
Gulf of Mexico
Tapis Aand B | Esso Production | Riser stress analysis for 12-inch crude oil pipeline at Tapis- | Conventi 1996
Field Pipeline Malaysia Inc. A Platform and 6-inch gas lift and 10-inch water injection onal
Risers risers at Tapis-B Platform. Rigid
Offshore
Malaysia
Allegheny Field Enserch Preliminary engineering for tension leg riser (TLR) concept TLR 1996
Development Exploration for Allegheny Field in Green Canyon Block 254 in Gulf of
Gulf of Mexi Mexico in water depth of approximately 3,000 feet. A
ulr ot viexico series of flowline and export pipelines up to 12-inch in size
were suspended as SCRs from the TLR subsurface buoy.
The subsurface buoy was located 500 feet below the sea
surface. Flexible pipe was then used to connect between
the buoy and semi-submersible floating production facility.
Reel-lay flowlines consisting of 4-in x 6-in pipe-in-pipe were
proposed for the individual wells. In addition two 12-inch or
16-inch export risers were suspended from the TLT buoy
using either S-lay or J-lay installation techniques.
Green Canyon Mobil Detailed design and installation engineering of the SCRs, SCR 1996

Block 60
Yukon Subsea
Field
Development

Gulf of Mexico

Exploration and
Producing U.S.,
Inc.

flowlines and integrated services umbilical as part of Mobil
Green Canyon Block 60 Yukon development. Twin 6-inch
SCRs flowlines and integrated services umbilical extend 8
miles between subsea template in 870 feet water depth
and existing Mobil GC 18-A platform. The work included
detailed design and fatigue assessment of SCRs,
preparation of taper stress joints at upper end of each
SCR, SCR tie-in porches, and riser clamps.

11
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Project Name/ . Project Description/Size Type of Finish
. Client .

Location (TIC Value) Riser Dates
Mississippi Oryx Energy Three subsea gas wells in up to 600 m water depth Flexible 1994
Canyon individually tied back to a shallow water platform with
401/445 flexible flowlines, risers and control umbilical.

Subsea
Development
Gulf of Mexico
Mobile Bay Exxon USA Engineering services for flowline system for high pressure, Conventi 1994
Flowlines high temperature sour gas using special corrosion resistant onal /
alloy materials and pipe-in-pipe insulated flowlines and Rigid

Gulf of Mexico

risers.
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Marine Riser Systems Services

Conventional Steel Pipe Risers

INTECSEA has performed detailed designs for numerous conventional pipeline riser systems for Gulf of
Mexico and Southeast Asia offshore platform applications. The key consideration for high temperature
risers is pipeline expansion at the base of the riser and the resulting bending stresses in the riser. This can
be accommodated by various methods including pipeline expansion loops and offsets, and also by cold
springing risers during installation such that the pipeline expansion relieves the cold springing effects.

The general approach for riser design involves optimization of riser routing from the platform topsides tie in
point to the pipeline tie in point on the seabed. Analyses include vortex-shedding analysis to determine
maximum allowable riser span lengths at given elevations above the seabed; fatigue analysis to investigate
the possibility of failure for the proposed span length and detailed stress analysis of the riser and pipeline
offset. Stress analyses consider functional and environmental load conditions for operational and hydrotest
conditions, and also for platform jacket deflections.

Flexible Pipe Risers

INTECSEA has been responsible for the design and installation of flexible pipe risers for various projects
worldwide. Flexible risers are used with both fixed and floating production systems in shallow water
developments, and with floating production facilities (TLPs and SPARS) in deepwater developments. For
shallow water applications, flexible risers may be used in steep or lazy wave or steep or lazy S
configurations. For deepwater applications, flexible risers are used primarily in a free hanging catenary
configuration.

The required physical characteristics of risers and buoyancy modules have to be established, and suitable
locations for the riser bases relative to the surface vessel determined. Preliminary design includes
optimization and confirmation of the proposed riser configuration through static analysis. More detailed
static and dynamic analysis are then performed to optimize riser configurations under design environmental
conditions considering motions and offsets of the surface vessel. The forces exerted on the riser base and
the surface vessel by each riser are calculated and the tie in connection systems designed together with
the bend stiffeners and restrictors at the upper and lower ends of each riser. Other design factors include
maximum allowable tensile loads and bending stresses in the flexible pipe, maximum angular deviations at
the top of the risers and avoidance of impact between the flexible pipe and the seabed or vessel mooring
lines.

Steel Catenary Risers

INTECSEA has performed both preliminary and detailed designs for steel catenary riser (SCR) systems
within the Gulf of Mexico and offshore West Africa. The use of SCRs is becoming more common for deep-
water riser applications. For Mobil, INTECSEA has performed a general study for the use of 6-inch to 24-
inch SCRs in water depths ranging from 1,500 ft to 6,000 ft. The design experience includes uninsulated,
insulated and pipe-in-pipe SCRs.
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The major issues to be considered in the design of SCRs are pipeline stresses, fatigue analyses and end-
fitting designs as noted below:

Maximum Pipe Stresses: Maximum stresses in the riser normally occur either immediately below
the top support point or in the sagbend of the catenary. The stresses are calculated considering
catenary tension and pipe properties, hydrodynamic loads acting on the riser, extreme offsets and
motions of the top support point and seabed soil conditions.

Fatigue Analysis: SCRs are exposed to potential sources of fatigue damage including vortex-
induced vibration (VIV) due to steady currents, vessel vortex shedding induced motions (VIM),
wave-induced vessel motions, direct wave action on the suspended riser and low-cycle, high strain
fatigue if the SCR is installed from a reel barge. The concern that has attracted most attention in
recent years is fatigue due to VIV. Overall fatigue damage is normally most severe near the top of
the SCR and just above the touchdown point on the seabed. Due to many uncertainties in the
various fatigue analyses, a minimum safety factor of 10 is normally required.

Design of End Fittings: For SCRs suspended from floating vessels, the top support fitting is
normally a flexible joint, which allows relatively high angular rotations between the top of the riser
and the support structural connection or titanium tapered stress joint. For SCRs suspended from
fixed platforms, a carbon steel tapered stress joint will normally suffice.

Top Tensioned Risers

INTECSEA has performed both preliminary and detailed designs for top tensioned risers for floating
vessels in the Gulf of Mexico, offshore West Africa, Southeast Asia and off Australia. The work has been
used to demonstrate capability for drilling vessels and to develop equipment and methodology for
extending the water depth range for drilling. The design experience includes all forms of top tensioned
risers, with actively controlled tensioners, passive tensioners, as well as risers directly connected to the
floating platforms deck.

Issues related to the design of top tensioned risers are similar to the design of SCR: meeting allowable
stress levels, achieving desired fatigue lives, and designing appropriate mechanical components for both
end terminations and internal interfaces. Design of top tension risers is also an important part of the
floating system development since the riser top tension must be fully supported by the vessel.

Maximum stresses normally occur at the top or the bottom of the riser, or at areas of intermediate
support, or in regions of thickness transition. Stress analysis considers the effect of having
multiple (both concentric and not) tubes in the riser system, will full consideration of variations in
tube content, pressure and temperature. The models of riser systems will typically extend beneath
the sea floor surface to accurately capture soil support effects and consider the methodology of
hanging the various riser strings over the riser length. Analysis includes the effect of maximum
vessel offsets during various phases of operation.

Fatigue analysis of the riser includes the load variation due to environmental motions of the

supporting floating vessel as well as fatigue related to Vortex Induced Vibration. Also of concern
are fatigue (and wear) issues related to Drilling Induced Vibration.
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Interface Management is one of the most critical management practices that must be performed to an
excellence-in-execution result. Interface Management is core-defined as eliminating "the gaps and the
overlaps.” In principle, Interface Management is clearly recognized by INTECSEA as a key active
component of our Project Execution Plan.

The key is to recognize what information is required at what time by whom and where and to handle the
constant flow of information, decisions, and requirements between all the stakeholders in the project. To
this effect a common interface management process needs to be established among all parties; this
requires that the interface management process is clearly identified as a contractual obligation between all
parties.

There are multiple levels of information exchange:
Internal:

Between individual disciplines within Client team

Between Client team and contractors,

External:

Between the internal groups within the contractor

Between vendors, subcontractors, and 3rd parties and the main Contractor

Based on the experiences gained by INTECSEA, a methodology has been developed that suits most
projects and applies to both internal and external interface management. The purpose of the IMS will be to
maintain lines of communication between different stakeholders and Contractor(s) and, ensuring that
technical details are consistent, schedule delivery dates are achieved and costs are kept within an agreed
budget, as well as providing early warning to interfacing conflicts and tracking the effects of change.
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The objectives of our Interface Management process are to:

Define the Information Exchange Requirements throughout all Phases of a Project
- General Project Information

- Equipment Interfaces

Information Required by Who and When

- Project Schedule and Milestones

- Deliverables

- Contractor Workscopes

Monitor the Exchange of Information

- Take Corrective Action through an Early Warning System

Excellent communication is of course an essential ingredient, but it needs to be accomplished in a
systematic way to ensure interfaces are handled most effectively. Typically managing, coordinating and
resolving interfaces are the role of an Interface Manager who reports directly to the Project Manager. His
role is to systematically track the information exchange and its impact on progress.

INTECSEA's Interface Management Process is a proven system tool to support the tracking, management,
and effectiveness of the exchange of important project information.

Our IM system provides the following reports:

General Interface Information Reporting (general interface physical properties)

Interface Schedule Information Reporting (inter-related activities associated with search)
Interface Clarification Register (listing issues, date raised, due date, resolution)

Change Report (documenting the changes and the responsible parties)

Document and Drawing Register (listing project and ‘shadow’ document status)

INTECSEA personnel have been responsible for interfaces on a number of recent projects, such as the
ChevronTexaco Agbami project. This major undertaking requires the management of over 85,000
interfaces between disciplines and contracts. The system was established during the FEED phase to
coordinate the design effort and will continue throughout project execution phase to support management
of the vendors and contractors.
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The INTECSEA Interface Management System (IMS)

General interface information is organized on three working levels with increasing detalil. It reports general
interface physical properties for attributes, components and tasks. The system links with the project
scheduling tools to identify impacts and monitor status. The Interface Clarification Register lists issues,
dates raised and due, resolution, responsible party and resolution team. The change report documents
changes to interfaces, tasks and milestones. The Document and Drawing Register lists current document
and "shadow" document status.

A graphical interface, an example of which is shown in Figure 1 below, enables ease in finding related
interfaces and facilitates coordination among the project participants.

INTECSEA IMS Concept Presentation

MULTIPLE CONTRACTOR DEEPWATER DEVELOPMENT

FROCESS

START GUIPEES CONTINUE SEARCH STATUS REPOETS SCHEDULE CHANGES DATA ENTEY UTILITIES

Figure 1: Graphical Interface on Typical Multi-Faceted Development
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Effective interface management is key to the successful delivery of FEED and Detailed design. An
Interface Management System (IMS) will be established during the FEED phase to identify and define
design and disciplines interfaces and then continue through project execution to coordinate multiple
contracts and suppliers.

The purpose of the IMS will be to maintain lines of communication between different disciplines, groups,
companies, and contractors to ensure that technical details are consistent, schedule delivery dates are
achieved, and costs are kept within an agreed budget, as well as providing early warning to interface
issues and a mechanism for resolving.

Interfaces are either internal (within a defined component, assembly, or work scope) or external (between
components, assemblies, work scopes, or organizations). As the project advances into the FEED, detail
design, and execution phases, the management of external interfaces becomes more important and
complex.

INTECSEA has developed an Interface Management System (IMS) methodology consisting of procedures,
work processes and computer tools. The model is applicable to both internal and external project
interfaces and can be adapted to suit any size or type of single or multi-faceted project. The Interface
Management System (IMS) was developed by INTECSEA and incorporates the necessary procedures,
work processes and computer tools to aid in the management of project interfaces. INTECSEA is currently
providing complete interface management of ChevronTexaco’s Agbami project, a major project including
an FPSO, subsea, flowlines and offloading. Initially, the system was applied to the substantial engineering
tasks and will continue into management of the multiple EPC contract elements of the project.

The Interface Management Tool (IM Tool) is a robust database application accessible worldwide though
the intranet. It stores and manages project interface information as well as interface links and key dates.
Parties receive notifications of interface queries and actions by email, and can use the web interface to
respond.

INTECSEA will offer Client the Interface Management System (IMS) modified to suit the particular needs of
the project, including both internal and external interface management, and with suitably experienced
engineers. The full IMS package will ensure that interface issues are identified and discussed between all
affected parties.

The IMS will control the following aspect of the project:

Contractual responsibilities and requirements
Engineering tasks and activities

Design reports issue and revision dates
Interface physical properties

Project milestones
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Procurement
Construction
Installation and commissioning

Operation and Maintenance

Interface Management Process

The Interface Management Process ensures effective management of functional, physical, schedule and
cost interfaces within the project. The Interface Management System will be the basis for all parties to
communicate on interface issues to ensure that interface issues are identified and discussed between all
affected parties and to develop agreed mechanisms, responsibilities, and completion dates for resolution of
issues.

The Interface Management Process for the project will be periodically updated to account for revisions to
the working process accounting for CLIENT requirements. Figure 2 below, shows the key elements in the
IMS Work Process.

INTECSEA IMS Work Process

INTEC IMT (Interface Management Team)\
Cont:\actor CLIENT
4 Eewview!
i I vl Approved Approval
- =7 (read only) : Eval
- / & valuate
:"':'/ \ costischedule
Contractor options
B A Tpdate
o R S Database
IManagement
L el of Change
Contractor e =
- impact
c - Chapge -
L~ Eeview
- K /
"
Vw“
8
Contractor -~
D Data transfer from the contractor to the INS Data Base is via :-
- Individual item entry or,
- Mass upload from electronic format ie XL.S, TXT, MPP etc,
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Figure 2: IMS Work Process Flow

Integration management will be a key element in ensuring the successful outcome of the project and will
avoid costly delays during fabrication, hook-up, installation and commissioning activities.

The Interface Manager will be responsible for the following:

Chair regularly scheduled project-wide Interface Meetings. Chair and/or attend other meetings as
required and appropriate.

Ensure that technical interfaces (both functional and physical) and contractual interfaces (cost and
schedule) within its own scope of supply and between itself and other relevant parties are
identified, recorded, understood, agreed upon by all parties, and reported to the IMS.

Review Client and Contractor interface documentation to ensure that appropriate responsible
parties have been informed of and have been provided input to interface issues and that issues
have been properly identified, resolved, and documented.

Review all Change Requests and significant non-conformance reports and dispositions to assure
that interface issues are appropriately identified and resolved.

Maintain an Interface Register and Interface Database.

Identify and report progress, concerns and actions to resolve problems and any impact to other
areas of the development.

Manage the resolution and timely closeout of relevant interface issues.

Provide relevant information or data to those groups within the Client, own organization and other
contracting parties, which may have need of, or be impacted by, the subject information.

Coordinate review and approval for all procedures, data, instructions, drawings, etc. at relevant
work interfaces.

Coordinate review and approval of Change Requests to ensure that interface issues are
recognized and addressed.

Coordinate review and approval of all significant non-conformance reports and dispositions to
ensure that interface issues are recognized and addressed.

Communicate (via appropriate documentation) issues and resolutions to all affected parties.
Inform the Client and INTECSEA IMS Team of all inter-organization interface meetings at the time

they are organized. Client and INTECSEA may attend these meetings as necessary or
appropriate.

Each of the managed (EPC) contractors will be made responsible for implementing an interface
management system within its own organization and shall participate in operation of the PMT Interface
Management System. Each managed contractor will appoint an Interface Coordinator who will coordinate
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issue resolution activities within their organization and will communicate these resolutions to the PMT
Interface Manager. The Interface Coordinator shall be a single-point-of-contact on the managed
contractor’s interface issues. Each contractor shall establish within its own organization an interface
management system to:

Ensure that technical interfaces (both functional and physical) and contractual interfaces (cost and
schedule) within its own scope of supply and between itself and other relevant parties are
identified, recorded, understood, agreed upon by all parties, and reported to the IMS.

Manage the resolution and timely closeout of relevant interface issues.

Provide relevant information or data to those groups within the contractor’s own organization,
which may have need of, or be impacted by, the subject information.

Provide relevant information or data to other contracting parties and to the IMS, which may have
need of, or be impacted by, the subject information.

Coordinate review and approval for all procedures, data, instructions, drawings, etc. at relevant
work interfaces.

Coordinate review and approval of Change Requests to ensure that interface issues are
recognized and addressed.

Coordinate review and approval of all significant non-conformance reports and dispositions to
ensure that interface issues are recognized and addressed.

Reporting

Following resolution of an interface issue, the resolving party will provide appropriate documents, including
Change Request and significant non-conformance review and actions, to the affected parties and to the
Interface Manager for the record. The Interface Manager will record all agreements and actions in a
suitable form and other appropriate documentation, as required. Systems Interface information shown in
the form(s) will also be tracked in a database to provide ready access to the data developed. A sample of
typical IMS report is shown below.
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Interface Name . 2
FTL-04 Production FTL Connection at SPAR INIEL.
WorleyParsons Group
System: Water Injection Interface No. Data Sheet No.
Interface Description FTL Attachment to the DTU FTL 153-01 FTL-153-01-01
Interface Location Revisionl Initials | Rev. Date
Interfacing Parties FPSO FPSOC engineening contractor A | NH | 1903102
SUB-SEA Sub-Sea engineerig & installation contractor
SPAR SPAR engineering contractor
FAC Client Facility management
General Interface Information Interface Specific Document
STATUS
No. Description Value uom Responsible Y s Document No. Rev. Document No.
1 Mominal Dia 567 inch SUB_SEA | | §| AGBE-C-00-009 Subsea Installation Scope of Work {\Volume 4)
2 Design Flow Rate 80 kbwd FAC Bl DSG-RI-3880 Riser Loads for FRPSO Mooring System Design
3 Length {Approx) 586 m FAC | | ] AGB-C-00-009 Subsea Installation Scope of Work {Volume 4)
4 |weightimeter Length tba kg/m SUB_SEA A
5 Minimum Bend Radius tha m SUB_SEA Al |
33 Design Pressure 5000 psi FAC HE Gl AGB-C-00-009 Subsea Installation Scope of Work {Volume 4)
7 Maximum Operating Tension 40 Te SUB_SEA G DSG-RI-3880 Riser Loads for FPS0 Mooring System Design
8 Maximum Operating Side Load 7 Te SUB_SEA HEE DSG-RI-3831 Riser Loads for FPSO Mooring System Design
9 Vertical Approach Angle for Max Op Ten'n 43 deg SPAR G DSG-RI-38582 Riser Loads for FPSO Mooring System Design
10 |Pull-in Load tba sue_sea  [A
11
12
13

[General Notes:

The general Information included on this form Is for Interface imanagement only and Is given in good faith,
For engineerin urposes the reader must refer to the appropriate drawings and specifications for details.

IMS Tool

The INTECSEA IMS is a Web based application, accessible from all project locations through the Internet.
The interface database resides on INTECSEA's server in Houston, where the program is maintained
periodically updated when new features become available. The application will provide:

WEB based Interface Management System for remote job site access and secure access from
anywhere in the world;

Unbiased procedures to formally assess, resolve and document interface issues and conflicts;
IMS Team defined Fabricator(s), Contractor(s) and Sub-contractor(s) access rights;

A high level Graphic User Interface (GUI) for quick location of project interfaces;

Early warning of interface clashes, reduced schedule float, and notification of change;
Reporting of schedule and cost issues;

“Traffic Light” status to clearly present interface, management and contract issues;

General data, e.g. interface liaison personnel details, interface matrices etc.;

Single item data entry by each user to a “Virtual Database”;

Mass data file upload via IMS tools using industry standard application files (e.g. Excel, Primavera,
MS Project, etc.); and

Adaptable search tools for database Interrogation and Reporting.
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