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Z.EE NEWS (2011)

Year 2011 was a growth year for ZEE Engineering which continued to carry out challenging and interesting projects
particularly in offshore installation. The year also saw ZEE being approved as an Engineering contractor by companies
such as Heerema Marine Contractors (Netherlands) and British Gas Exploration and Production (India).

I_ RECENTLY COMPLETED PROJECTS

HEEREMA MARINE CONTRACTORS NEDERLAND
B.V.

After a series of meetings, presentations in

Kuala Lumpur and in The Netherlands, and

evaluations, Heerema awarded the first contact
Heerema to ZEE. The work awarded was to carry out a
number of transportation and sea-fastening studies of
heavy equipment and structural elements for North
Ranking Redevelopment Project in Western Australia.

In Sep, 2011 Mr. Rolf van den Bosch and Mr. Guido
Ammerlaan visited the ZEE office at Kuala Lumpur for a
day’s presentation on Heerema Philosophy related to
safety, work ethics and work quality. We wish to thank
Heerema for this presentation which enhanced our staff
awareness to safety and quality. Heerema established an
office in Singapore in 2011 and we hope to work closely
with Heerema in the coming years.

LABUAN WATER PIPELINE PROJECT for Leighton
Contractors (M) Sdn Bhd.

The project involved the installation of a
water pipeline from mainland Sabah to the
Labuan Island for Ministry of Energy, Green
Technology & Water, Government of
Malaysia. The submarine pipeline is
approximately 24 km long. The line was designed as a
36 inch OD, 9.5 mm wall thickness with 125 mm thick
concrete coating. The concrete which has been
reinforced with rebars has been poured via moulds.
The original contractor who was awarded this project
had to abandon the project as the line buckled at each
joint while laying.

LEIGHTON
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To comprehend the effect of reduced thickness and
stress concentration at the field joints intensive finite
element analysis supported by field tests were carried
out. There was a close correlation between the
theoretical analysis and model testing to establish the
relative stiffness of the composite section.

This relative stiffness was adopted for the computer
simulation for installation engineering. At the end of
the successful completion of the project a technical
paper was published by Leighton / ZEE on the
additional stiffness contributed by the weight coating.
This paper is enclosed.

A number of installation methods such as shore pull,
traditional Lay and Rentis method was adopted to
suite the site conditions which made the project
interesting and challenging.
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PIPELINE FROM BPCR / HPCR, MUMBAI TO BPCL,
URAN for Punj Lloyd Ltd. (India)

M/s Bharat Petroleum Corporation Limited (BPCL)

. proposed to install approximately
@ Punilioyd 30 km long 10.75" 0.0 LPG

pipeline from LPG plant at Mumbai

Refinery to Uran LPG Bottling Plant. The pipeline
comprises of two sectors, approximately 12 km of
offshore and approximately 18 km of onshore sections.
The onshore sector comprises of two sections i.e.
section from BPCR to land fall point (LFP-1) on BPCR
side and a section from Land fall Point (LFP-2) on
Uran side to Uran Bottling Plant. Offshore segment
comprises of shallow water depth with intertidal zone
of 1.8 km approximately.
The study was limited to the Installation Engineering of
the Submarine pipeline which included the following
major works.
¢ Push Pull method of installation from KP 1.75 to
LFP-1,
¢ Traditional Lay Barge installation from KP 1.75 to KP
9.0,
e Push Pull method of installation from KP 9.0 to LFP-
2.
The pipelines were completed with concrete weight
coating and cathodic protection system. Two 28 mm
optical fiber cables were installed piggy back to the
pipeline.
The challenging engineering in this project was the
installation of lines in a curve against strong currents
using the flotation method for shore approaches.

KBB KE PROJECT for Aker Solutions (Malaysia)

The KBB Platform is located in Sabah, Malaysia in

Ll water depth of 140 meters. The ZEE scope

of work was detail engineering for the

L transportation of 15000 Jacket and 20000
Ton Float over Deck.

The KBB Platform is a single integrated PDUQ
(production, drilling, utilities and quarters) platform
where drilling is undertaken by a tender assisted
drilling (TAD) rig. Receiving (up to 140 kbpd total fluid),
process and exporting capacity for 90 kbpd of oil and
treatment of 100 kbpd associate water, is included for
3" party oil field tiebacks, and the Malikai oil field was
tied in after KBB start-up.
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OYONG DEVELOPMENT - OYONG FLOATING
PRODUCTION UNIT for Santos Energy

Santos is operating the Oyong field
Santos oo PB and Sho

We have the energy using the Seagood PB and Shanghai

FSO. Oyong Gas & Qil field is located
in Sampang PSC, approximately 8km south of Madura
Island and lies approximately 60km east of Surabaya in
41m water depth. A small Oyong Wellhead platform is
available adjacent to the Seagood FPSO. In September
2013, the lease on the Seagood PB and Shanghai FSO
expires. By then, the oil production from the Oyong field
would have declined to 1000 bpd while the gas
production is still maintained at 90 MMscfd with Wortel
field being brought into production.

The strategy study to determine the best path forward
for the facility configuration of the Oyong field have
been performed by considering the production profiles
in the future, process requirements, market conditions
for floating options, ease of installation, offloading
issues, and shutdown impacts. There are 9 options
which were considered during the study, and it was
identified that the concept of utilizihng Floating
Production Unit (FPU) to be utilized to replace the
existing Seagood PB and Shanghai FSO for the Oyong
and Wortel field development.

AGX PLATFORM DECK EXTENSION for Premier
Oil Natuna Sea Bv

. o+ The Anoa gas field is a mature
@ PremierOil development located in Block A in
the West Natuna Sea. After successful initial phase of
production Premier Oil (Company) and the Block A,
Partners have initiated the phase 4, in order to both
optimize and to extend Production. The Anoa complex
itself comprises of two bridge linked platforms, Anoa
and AGX, plus the West Lobe satellite platform, located
approximately 3 km from the main complex. There is
also an FPSO to process oil and condensate liquid
production approximately 2 km from Anoa.

Development work is necessary due to falling reservoir
pressure, in order to maintain or improve gas delivery
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under GSA1 sales agreement into Singapore. The
major works were;

» Reconfiguration of existing Anoa compression trains
from series to parallel operation,

* Provide 3rd compressor to handle miscellaneous
gases,

* Provide additional generation facilities,

* Provide tie-ins, control and ancillary equipment.

Due to the space limitation in the existing AGX
platform, major modifications especially at the main
deck were required which included extension.

Obstruction
(Exhaust Generator)

SUBSEA PIPELINE AND ONSHORE RECEIVING
FACILITY (P/IL & ORF) - WEST JAVA for PT.
Nusantara Regas

8 PT. Nusantara Regas (PTNR)

€ nusanararecas  have bought Liquefied Natural
o " Gas (LNG) by the procurement

of a LNG Floating Storage and Regasification Terminal
(FSRT), LNG offloading facility, submarine gas
pipeline and Onshore Receiving Facility (ORF) at
receiving point in PLN Muara Karang power plant site.
The gas will be used as fuel for PLN’s Power Plant to
fulfill the growing electricity demand for Java-Madura-
Bali. The FSRT facility will provide a reliable,
alternative and secure source of gas supply to fulfill
gas requirement for Power Plants and Gas Distribution
Grid in Jakarta and West Java. The gas will be
supplied from the receiving point at Muara Karang.
The LNG Floating Terminal facilities comprise of:
¢ Floating Storage and Regasification Facility (FSRU);
e Subsea Pipeline;
¢ Onshore Receiving Facility (ORF).
The LNG Floating Storage and Regasification Unit
(FSRU) was permanently moored in 23m water depth,
and located approximately 15km north of Muara
Karang, in Jakarta Bay. The FSRU will accept LNG
from LNG Carriers (LNGC) as required, and regasify
the LNG via its onboard regasification plant, at a
maximum continuous rate of 500MMscfd.
The gas will be transported back to shore via a 24”
subsea gas pipeline, to an Onshore Receiving Facility
(ORF), where it will be metered and sold to the PLN
power station and the PGN gas network.



ZEE Engineering Newsletter
Jan 2012, Installation Engineering Services
Contact Persons: hanifah@zee-eng.com
mohd.izzuan@zee-eng.com

A
p— ()

IStructe

AT
150 9001 5 A
BUREAU VERTAS | i
Gantfication

REPLACEMENT

S393
PROJECT for Leighton Offshore Pte Ltd

TANZANIA SPM

The Governments of Tanzania and Zambia
has decided to remove the existing Single
Point Mooring (SPM) and the related pipeline
system at Ras Mjimwema, outside the Port
of Dar es Salaam and commissioned
Tanzania Ports Authority (TPA) to replace their existing
facilities with a new multi-line multi-product facility for
the transfer of crude oil and white products. The
pipeline system tie-in point is the existing t-junction
located to the TIPER tank farm.
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ZEE Engineering scope includes the surveys, detailed
design, procurement and supply assistance, installation
and testing, pre-commissioning and commissioning
assistance for Marine Facilities such as SPM/PLEM
system, 4.3 km on-shore (LFP to T-junction), 3.6 km
offshore (LFP to PLEM) pipeline, 1 Nos. 28 inch
diameter for crude and 1 Nos. 24-inch for white
products, with appropriate concrete weight coatings.

ON GOING PROJECTS

IOCL STORM WATER OUTFALL TO SEA
PROJECT for Leighton Contractors (India) Pvt Ltd.

e The Indian Oil Corporation Limited has
proposed to develop a 15MMTPA grass
root integrated oil refinery  and

i g a petrochemical complex at a site 5 km south
of the port of Paradip in the state of Orissa

on the northern part of the east coast of India. At
present there is a tank storage facility and associated
infrastructure situated on the Southern Site. The

Front End Engineering and Design (FEED) and Front

End Loading (FEL) phases of the project have

already been completed. Infrastructure development

to facilitate implementation of the Engineering,

Procurement and Construction phase is in progress.

ZEE scope of work includes detail and conceptual
installation engineering of the On and Offshore
pipeline work which involved the development of
P&ID, PFD. Transient flow simulation and the design
of the diffusers. The offshore sectors of the pipelines
are of HDPE material.

OPTION-1

OPTION-2
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SUBMARINE PIPELINE PROJECT (GSPC / DEEN

DAYAL WEST / PIPELINES), INDIA for PT Sempec,
Indonesia (Punj Lloyd Group).

Guijarat State Petroleum Corporation Ltd (GSPC) is the
] operator of the Deen Dayal Field
@ PuniLioyd  (Block KG-OSN-2001/03) situated
offshore from Yanam-Kakinada
coast of Andhra Pradesh, India.

ZEE was appointed as Sub-contractor by PT Sempec.
The project includes the detail, installation and
transportation engineering. Two pipelines are includes
in the project, 20” dia pipeline from shore to platform
and 10 “ dia pipeline from shore to Diffuser. Design of
Umbilicals, HPU and piggy back Optic Fibre Cable is
also included in the project.

18¢s700m
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TRANSPORTATION AND INSTALLATION OF
CALM BUOY, PLEM AND PIPELINE for Punj
Lloyd Ltd. (India)

Oil & Natural Gas Corporation (ONGC), Reliance
) Industries Ltd (RIL) and BG
@ PunjLloyd Exploraton and  Production
India Limited (BGEPIL) are joint
operators of the Panna-Mukta offshore oil and gas
production field situated in the Arabian Sea, off the
west coast of India near Mumbai. The Panna Field
is located 95 km offshore northwest of Mumbai,
India. The average water depth in the field is 154 ft
(47 m). Panna & Mukta fields have twelve well head
platforms and a Processing Platform (PPA). PPA is
bridge connected to PA wellhead platform in East,
PQ living quarter platform in North and PFP flare
platform in South direction.

Punj Lloyd Ltd. appointed ZEE to carry out PLEM,
SPM, Pipeline and Riser Transportation and
Installation Engineering for the project.

42" ONGC Pipeine

[0 Proposed Instatation
[ Existing stallation
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REROUTING APPROXIMATELY 18KM OF PPP-
ORF SUBMARINE PIPELINE AWAY FROM

SHIPPING CHANNEL for PT Pertamina Hulu
Energi West Madura Offshore

Along with PT Synergy
Engineering, ZEE was appointed
by PHE WHO carry out the
project. The PPP-ORF Submarine pipeline is a 16
inch diameter pipeline transporting gas from PPP
Platform to Onshore Receiving Facilities (ORF). It
crosses the shipping channel at 3 locations. Due to
the risk of ships crossing live gas pipelines heavy
insurance premiums are levied which can be mitigated
by reducing the number of crossings to 1 no. To
achieve this line needs to be relocated. PHE West
Madura Offshore (COMPANY) is planning to carry out
the re-routing and requested Zee Engineering Sdn
Bhd (ZEE) to carry out FEED and detail engineering.

h
l PERTAMINA
PHE WMO
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FEED STUDY - KE FIELD DEVELOPMENT
SUBMARINE PIPELINES for PT Pertamina Hulu
Energi West Madura Offshore (with PT SYNERGY
Engineering)

- PT Pertamina Hulu Energi West

Y 4 ?EE.I\-«I}\AT(I)NA Madura Offshore is planning to

further develop the KE field in the
vicinity of KE-38. The KE field development
comprises of;

¢ The installation of several KE WHP Platforms (KE-
39/54/38B) initially,

e The requirement for the additional processing
facilities due to the additional Oil and gas
production.

e New pipelines connecting K39, KE54, KE38P and
PPP Platform facilities.

The FEED study for process facilities are been carried
by SYNERGY.

ZEE Engineering Newsletter
Jan 2012, Installation Engineering Services
Contact Persons: hanifah@zee-eng.com
mohd.izzuan@zee-eng.com

The specific scope of work for ZEE for each line can

be described as follows;

Pipeline;

e General layout,

¢ Routing the lines including Layout and Alignment
sheets,

o Wall thickness sizing and material selection,
o Stability calculations and weight coat sizing,
e Thermal expansion calculations,

e Riser design,

¢ Riser Clamp design,

¢ Pipeline installation constructability study,
PLEM

e Mechanical design of PLEM,

e Structural design of PLEM,

¢ Pile drivability study,

GENERAL

e Compiling of Design Basis,

e Compiling Technical input for bid document,
e Vendor evaluation,

e Costing.

DETAIL ENGINEERING - DESIGN OF

TEMPORARY MOORING SYSTEM FOR 30,000 Dwt
TANKER for PT Pertamina Hulu Energi West
Madura Offshore (with PT SYNERGY Engineering)

l‘ PERTAMINA PT Pertamina Hulu Energi WMO

PHE WMO (COMPANY) wishes to implement
a temporary storage system adjacent to AW Platform.
The Temporary storage system shall consist of a
30,000 Dwt Tanker moored 500 m from the Platform.
The storage system shall be connected to the AW
platform via a floating Hose. The COMPANY
appointed Zee Engineering Sdn Bhd (ZEE) to carry
out FEED and detail engineering related to this
project.

The specific scope of work for this project can be

described as follows;

e Design of the 2 buoys,

e Design of the anchoring system including chains
and Anchors,

e Stability calculations,

e Design of the floating Hose,

e Detail IFC drawings.

\ AW Platform

Floating Hose
(500 m)

b N\
'y by
Temporary tanker
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CASE STUDY LABUAN PIPELINE INSTALLATION ENGINEERING
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CASE STUDY

Labuan Pipeline Installation Engineering
By: Leighton Contractors (M) Sdn Bhd, ZEE Engineering Sdn Bhd

Abstract : Labuan pipeline was installed to supply water from the mainland to Labuan Island. The pipe diameter is 26 inch, with an
approximate length of 23 km. The line is designed with a wall thickness of 9.5 mm. The material grade is API-5L-X52, and for stability a
concrete coating thickness of 125 mm and 75 mm was required. This thin walled heavily coated pipeline was a challenge for offshore
installation. In fact the first contractor had to abandon the job due to the line buckling at each joint.

This paper presents a case study of the pipeline installation engineering procedures carried out. The determination of the effective
stiffness of the composite section was the critical issue. Model testing, computer simulations and empherical methods were used to
compare various values of effective stiffness. At the installation stage Computer results were compared with field data

Key words : Effective Stiffness, Composite Section, Model Testing, Tensioner Optimization

1.0 BACKGROUND

Kencana Leighton Joint Venture (KLJV) was awarded the contract
for the installation of the submarine pipeline from the mainland
Sabah to Labuan lIsland to transport water. The submarine
pipeline is 26 inches in diameter with an approx. length of 23.0km.
The owner of this project is Kementerian Tenaga Teknologi Hijau
dan Air (COMPANY). The consultant for the COMPANY was
SMHB Sdn. Bhd. (CONSULTANT).

ZEE Engineering Sdn. Bhd. (ZEE) was appointed by KLJV to
carry out residual engineering for the installation of the pipeline.
This project had been earlier awarded to another contractor who
had abandoned the work. It was revealed that during the earlier
installation the pipeline had buckled almost at every joint.

As the supply of water to Labuan lIsland was critical the
COMPANY headed by the Minister was greatly concerned, and
together with the CONSULTANT kept a very close watch on the
progress of the project. Due to the impending arrival of the
monsoon season the urgency to complete the offshore segment
of work was vital.

2.0 OBJECTIVE OF PAPER

This paper summarizes the pipeline analysis carried out. It
describes the problems faced and the actions taken to mitigate
these risks. It also compares analytical results with actual field
data

3.0 SUMMARY AND CONCLUSSIONS

The pipeline was large diameter, but thin walled with a very heavy
reinforced weight coating. Though the pipeline section was
adequate for the service condition it posed a challenge for
offshore installation.

The critical issue was the realistic determination of the effective
stiffress of the composite pipeline. Two scenarios were
considered. The first being the full stiffness of the composite
section which gave a value of approximately 400% of that of the
bare pipe, and the method proposed by the ASME paper 71-Pet-
26 “ Effective Stiffness of Concrete Coated Line Pipe” gave an
approximate value of 148 % of the bare pipe.

To resolve this issue a model test was carried out as outlined in
the ASME paper. The test was carried to the point where the
pipeline buckled. From the test results, which was independently
verified by computer simulations, It was decided to adopt an

effective stiffness of 145% which was very close to the ASME
value.

Two analyses were carried out considering the effective stiffness

of the line as follows;

1. Uniform effective stiffness of 145% of the bare pipe, with each
line pipe divided in two finite elements.

2. Varying Effective stiffness along a line pipe as recommended
by the ASME paper. This resulted in a line pipe being divided
into a number of elements for each varying stiffness segment.

The results of these analyses showed that for the first case the
stress distribution was smooth, but for the second case the stress
distribution was staggered at the stiffness variation points and
peaked at the field joint section. The second case gave a
significant lower stress distribution than the first case. The
computer process time for the second case was very significantly
greater than the first case. Considering the strict engineering
schedule it was decided to adopt the methodology of the first case
for the complete installation engineering. This was a conservative
assumption.

Detailed analysis showed that buoyancy tanks were required to
maintain the pipeline system during installation. As the system
stresses were sensitive the derating of the air bags for water
depths was taken into consideration. During installation field
measurements were taken and compared with computer
simulation values and the differences were found to be
acceptable.

4.0 PIPELINE STIFFNESS
4.1 Pipeline Effective Stiffness

It seems that the pipeline had been designed without due
consideration for lay ability. The pipeline is 660mm OD with wall
thickness of 9.5mm. The steel grade used for the pipeline is API
5L X52. For on-bottom stability considerations concrete coating
thickness of 125mm and 75mm thickness with density of
2.4MT/m”3 had been adopted. The concrete coating had been
reinforced with a steel cage comprising of 32 no 8mm diameter
radial rods tied with 8mm diameter rings at every 80mm. For
cross sectional detail refer to Figure 4.1.
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Figure 4.1 Cross Sectional Detail

Notes:
a (Bar 'a' Diameter (Circumferential Bar)) = 8.00mm
(every 80mm)
b (Bar 'b' Diameter (Longitudinal Bar)) = 8.00mm (32 nos.)
¢ (Nominal Cladding Thickness) =45.00mm
D1 (Outer Diameter Concrete) =922.40mm

D3 (Circumferential Diameter of 'b' Bars) = 808.40mm

The concrete had been cast in a mould and compacted. It was
seen that the smooth concrete surface when wet would cause the
pipeline to slip at the tensioner. To overcome the slippage the
pipelines were sand blasted.

Due to the earlier experience of the pipeline buckling at each field
joint the CONSULTANTS were of the opinion that the full
composite stiffness must be considered for pipe lay analysis. ZEE
disagreed and proposed that the equivalent stiffness of the
pipeline should be calculated as per the guidelines set in ASME
paper 71-Pet-26, “Effective Stiffness of Concrete Coated Line
Pipe”. The resulting stiffness calculations from these two options
are summarized in table 4.1

LEIGHTON

Source Stiffness Value % of_ Bare
(mm*4) Pipe
Bare Pipe 1.029E+09 100.000
Full Composite Section 4.318E+09 419.631
ASME Paper 1.520E+09 147.716

Table 4.1 Resulting Stiffness
4.2 Model Test For Pipeline Effective Stiffness

As there was a large discrepancy for the recommended pipeline
effective stiffness value between the CONSULTANT and ZEE, It
was decided to carry out a full scale model test to arrive at an
acceptable stiffness value for computer modeling. Computer
simulation was also carried out to verify the model test results.

4.2.1 Model Test

Two pipeline joints with 125mm concrete coating was field welded
to be used as the model for testing. The test model was set up
similar to the one adopted in the ASME paper. Refer to Fig. 4.2
for the testing rig arrangement. The test results showed the
pipeline had an initial stiffness of 2.074E+09 mm”4 which was
purely due to self-weight. As the load increased the pipeline
started to bend thereby gradually de-bonding the reinforcing bars
and the cracking the concrete. This would result in a gradual
decrease of stiffness till the pipeline buckled. At collapse the
effective stiffness was very close to that of the bare pipe.

Figure 4.2 Model Test Rig Arrangements

4.2.2 Computer Simulation

Computer simulation of the model test was carried out to compare
results obtained from physical testing. Refer to Fig 4.3 for
computer model sketch. Same pipeline properties, boundary
conditions and loading increments used in the model testing were
adopted for the computer simulation.

Figure 4.3 Computer Model for Stiffness Evaluation

4.2.3 Comparison of Stiffness Result

Comparison of results of pipeline stiffness from model test to
computer simulations were made and summarized in Strain vs.
Stiffness Graph as shown in Fig 4.4.
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Figure 4.4 Graph Comparisons of Results
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5.2 Computer Model for Preliminary Analysis

For preliminary analysis 2 computer models were adopted as
shown in Table 5.1

Weight
. F.E Coating Stiffness
Analysis Model (% of Bare Source
Pipe)
Simulation 1 Standard 145.0 uniform Model Test
. . . . ASME
Simulation 2 Detailed 148.0 variable Paper

Table 5.1 Analysis Case

0
5.00E+08

4.
1.00E+09 1.50E+09
Moment of Inertia [mm"]

¢ Calculation = Orcaflex

From the strain stiffness graph it is seen that the model test and
computer simulation values are very close.

4.2.4 Pipe Stiffness Adopted

The criteria set for pipe lay is 85% of SMYS, which gives a value
of 304MPa. The corresponding value of micro strain is 1464.83.
From model test results the related pipeline stiffness value for
limiting installation stress is 1.05E+09mm?”4.

This stiffness is approximately equal to 200% of the bare pipe
value. At this stage the pipeline bending radius is minimal. It was
decided to adopt an effective stiffness at the maximum bending
range, which is 145% of the bare pipe value. This is a
conservative estimate as the corresponding stress in the pipeline
for this stiffness is 143.27 MPa and corresponds to the value from
ASME paper.

5.0 ANALYSIS METHODOLOGY

5.1 Selected Computer Program

Due to the critical, and the sensitivity of the lay conditions of the
line, ZEE carried out a number of analyses using currently
available industry- approved software programs. At the conclusion
of this study it was decided to adopt OrcaFlex software package
for the project. The reasons for this are as follows;

o Capability to carry out state of the art fully integrated coupled
dynamic analysis,

e Option for carrying out irregular wave dynamics,

o Capability to model pipeline segmental physical properties, and
unlimited number of elements for Finite Element analysis,

e Accurate calculation of the roller reactions. This is based on
line clashing forces due to the dynamic behavior of the pipeline
which simulates the impact forces on the rollers.

e The capability to model the physical conditions of the rollers,

o Ability to model the depreciation of buoyancy in air bags for
external pressure related to water depth.

o Interactive graphical input of data which is less prone to errors,

o Graphical presentation output

24

ipefay barge (PLB) Leighton Stealth was nominated for the
gﬁ%t. Detail modeling was carried out for the physical
characteristics of the LB which included RAO’s, QTF, and
Damping.

The pipeline was modeled as a standard OrcaFlex line element
(homogeneous pipe), the air bags were modeled as clump buoy
attachments. The de-rating of buoyancy due to external water
pressure with depth was considered. The stinger and deck rollers
were modeled as line elements with clashing behavior.

Two simulations were carried out adopting Standard and Detailed
Finite Element (FE) models. For both cases the bare pipeline
physical and steel properties of concrete coating was modeled
with the physical properties of concrete for weight and buoyancy
considerations. In the standard FE model the composite stiffness
was overridden by inputting a specific uniform stiffness value of
145.0 % of bare pipe. In the case of the detailed analysis to
simulate a varying stiffness along the line as recommended in the
ASME paper a number of elements with varying stiffness values
were adopted.

Refer to Fig 5.1 for details of standard and detailed Finite
Elements to Fig 5.1 and Fig 5.2 respectively.

Figure 5.1 Standard FE Model

Figure 5.2 Detailed FE Model

5.3 Preliminary Analysis Result

To compare the response of the 2 models preliminary analyses
were carried out with full dynamic simulation. For both the
analyses the tensioner was set at 750.0kN and the wave heading
at 0.0 deg was applied. Maximum water depth of 24.14m was
adopted. The results for preliminary analysis are shown in Table
5.2. The related stress plots are shown in Fig 5.3 and Fig 5.4.
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Max OB Max SB Touch down
Analysis Stress stress Point
(MPa) (MPa) (m)
Standard 695.4 453.2 238.5
Detailed 412.0 399.6 172.5

Table 5.2 Result of Preliminary Analysis

(Pipelay without buoyancy)
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Figure 5.3 Stress Plot Standard Simulation

(Pipelay without buoyancy)
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Figure 5.4 Stress Plot Detailed Simulation

The results show that the detailed simulation with varying pipeline
stiffness gave the least stress in the pipeline system spiking up at
the field joint locations. This is realistic as the field joints had the
minimum stiffness which is equivalent to that of the bare pipe. The
standard simulation produced a smoother stress curve due to the
uniform stiffness adopted.

To process standard simulation took 21/2 hours of computer real
time, whilst the detailed analysis took over 14 hours. Due to the
time constraint in the project it was decided to adopt standard
simulation computer model which gave conservative results.

LEIGHTON

s

6.0 ANALYSIS

Standard Pipe Lay analysis was carried out along the pipeline
route taking into consideration the water depth and varying
concrete coat thickness. As shown in preliminary analysis it was
seen that buoyancy bags were required to minimize the system
stress. Attaching and dismantling buoyancy bags take time.
Hence an optimization in buoyancy bag attachment was carried
out resulting in different arrangements of buoyancy bags for
different depths and weigh coating. The deflation in buoyancy
bags relative to water depth were taken into consideration. The
buoyancy bag deflation rate per water depth was obtained from
the manufacturer. For analysis the stinger and deck roller
configuration was optimized, followed by startup, Lay and
termination studies. Contingency and emergency repair methods,
for each significant water depth was also considered.

6.1 Tensioner Optimization

Tensioner optimization was carried out considering composite
moment of inertia determined for 125mm concrete coated pipeline
from model testing which is 145.0% the bare pipe. Based on
tensioner optimization study, it was concluded that the stinger
radius of 460m should be applied to all water depths along the
pipeline route.
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Figure 6.1 Recommended Stinger / Deck Roller Configuration
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Figure 6.2 Pipeline Length Range for Tensioner Setting

Based on the water depth profile as shown in Figure 6.2, it was
found that approx. 88% of the total pipeline length falls in water
depths of more than 16m w.r.t CD (19.52km). Hence, three (3)
pipeline water depth ranges have been considered for tensioner
setting as described in Table 6.1 and figure 6.2.
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Concrete Max. Water
Coating Water Depth .

CH Range Thickness LAT (m) ?ne‘;’th HAT
(mm)

46.98 — 44.88 75 16.00 18.64

(2.1 km) 125 : :

44.88 — 25.36

(19,52 kim) 125 21.50 24.14

25.36 — 24.76 & 13.36 18.64"

(0.6 km) 105 : :

Table 6.1 Pipeline range for Tensioner Setting

6.2 Pipelay Analysis

Considering Figure 6.2 and Table 6.1, the following analysis
cases were considered for normal lay operations as shown in

Table 6.2.
Concrete Maximum
. Analyzed Remarks
Analyses Coating Water
Case Thickness
Depth
(mm) (m)
The result will be applicable
for start up operation and
normal lay operation from CH
Case 1 75 18.64 46.78 to CH 44.88 36 (also
from CH 25.36 to CH 24.76
when the 75mm concrete
coating pipe is used).
The result will be applicable
for normal lay operation from
CH 46.78 to CH 44.88 also
Case 2 125 18.64 from CH 25.36 to CH 24.76
when the 125mm concrete
coating pipe is used.
The result will be applicable
Case 3 125 24.14 for normal lay operation from

CH 44.88 to CH 25.36.
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Figure 6.3 Airbag Arrangements for Type 1 for Case 1 (75mm
Concrete Coating)

Figure 6.4 Airbag Arrangements for Type 2 for Case 2
(125mm Concrete Coating) for 18.64m Maximum Water Depth

Figure 6.5 Airbag Arrangements for Type 3 for Case 3
(125mm Concrete Coating) for 18.64m to 24.14m Water Depth
6.3 Comparison Between Analytical Results and Field Data

Comparison between analytical results and field data are
shown in Table 6.4.

Table 6.2 Normal Lay Analysis Cases

The analysis showed that Air Bags were required to keep the
stress at acceptable values for limiting Lay Barge Allowable
Maximum tension. The analysis results are summarized in Table

6.3.
STRESS (% of SMYS)
AIRBAG
CASE STATIC DYNAMIC
0B SB OB SB ARRANGEMENT
1 55 44 61 62 TYPE1
2 62 57 67 89 TYPE 2
3 59 57 80 84 TYPE 3

OB = Overbend
SB = Sagbend

Table 6.3 Summary Results

K Wate(:n d)epth Touch Down (m) Te?“sni%ner i:r;sMsY(;/;

A F A F A F [oB SB
46 | 18.64 15.6 188.7 194 60 55 61 62
45 | 18.64 17.7 188.7 230 60 65 67 89
44 | 2414 19.2 | 177.5-207 191 80 78 77 84
43 | 2414 20.2 | 177.5-207 183 80 80 77 84
42 | 2414 206 | 177.5-207 187 80 80 77 84
41 2414 204 | 177.5-207 176 80 80 77 84
40 | 2414 202 | 177.5-207 183.7 | 80 80 77 84
39 | 2414 18.2 | 177.5-207 187 80 80 77 84
38 | 2414 18,5 | 177.5-207 176 80 75 77 84
37 | 2414 179 | 177.5-207 181.2 | 80 75 77 84
36 | 2414 17.3 | 177.5-207 205 80 77 77 84

A=Analysis F=Field Measurement OB=Overbend SB=Sagbend

Table 6.3 Comparison between analytical results and field

data
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The analytical and measured touches down values are seen to be
close. The differences can be mitigated as follows

1. In the computer model the water depth is taken as the
highest tidal level plus half the “installation” wave height.
Whilst at location it is the actual measured value which may
not capture the design “installation” wave height and the
maximum tide

2. In dynamic analysis two touch down values are given.
Further in a dynamic simulation the Lay Barge motion due to
the worst environmental action such as non linear wave
trains are taken into consideration, whilst during actual
operations the effects of such action may be reduced.

3. The air bag deflation (loss of buoyancy) as modeled may not
be correct

4. For computer analysis a range of water depths were taken
for a single Tensioner setting. In field the values were
measured for a range of actual water depths.

5. For analysis the wave and the current attack directions were
considered for 0, 45, 90, 135 and 180 Deg directions. During
installation these directions were not recorded, hence there
will be a variation on actual results
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