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ABSTRACT
The ongoing challenging engineering and construction marketplace poses significant
challenges to the delivery of major projects on budget and on schedule, whilst
maintaining world-class HSE and quality performance. Innovative ways to address this
challenge include the adoption, for onshore projects, of the modularisation techniques
used by the offshore industry. This has been the case in the Woodside led, NWSV LNG
Phase V Expansion Project which has pioneered the modular design and build concept for
an onshore LNG train.
Adopting the ‘smart clone’ principles of the previous LNG train, completed in 2004,
Foster Wheeler, leading the joint venture EPCm contract for Phase 5, divided the stickbuilt based design into 75 pre-assemblies surrounded by tie-in and separate in-situ works.
Although introducing additional structural steelwork and shipping costs, the schedule
savings from parallel working and work allocation to areas, of more readily available
labour, have offset this factor in both cost and schedule terms. Additional gas
management units, based on a modular construction approach and other Power, Boil-Off
Gas, Jetty, Fuel Gas and interconnecting pipe-rack facilities were included in the project
scope.
Fast track principles, adopted to select the materials, equipment and supporting
companies in the extended team, have paid dividends in staying ahead of the market, to
deliver modules through late 2006 and early 2007 and to work towards completion of the
project in April 2008.
This paper follows the project through the module development process and the
delivery of the modules to site at Karratha in Western Australia.
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The LNG Phase V Expansion, which
comprises the addition of a fifth
liquefaction train and other infrastructure,
at Western Australia’s Karratha Gas
Plant, entered the EPC phase in March
2005, at a time of increasingly tight world
market conditions. Notably, in Australia,
the number and scale of in-country
projects led to labour and resource
challenges to project schedules and
budgets. This became the catalyst for a
modular approach, allowing certain scope
to be distributed amongst a wider
industrial market throughout the
Australasian region, where available capacity could accommodate the work within the
required parameters.
A second factor, to assist schedule achievement, was the availability of the LNG train
designs from the existing Phase IV expansion project which formed the basis of the
process to be adopted in the Phase V expansion. The process equipment was copied as far
as possible leaving the structure to be amended to accommodate the modular approach
and, most importantly, installed to form a replica of the existing 4th LNG train. Hence,
the modular support structures for the Phase V LNG train were an adaptation of the insitu structures developed in the Phase IV Expansion Project, whereas, other units and
facilities were designed as modular structures from the outset.
The Phase V Expansion consists of a number of separate components incorporated
within the existing gas plant structure:
• Acid Gas Recovery Unit
• Fractionation Unit
• 4.4 million tonnes per annum LNG train
• Train 5 Jetty spur and loading facility
• Power Unit extension
• Fuel Gas area extension
• Boil-off Gas Compressor
• Control System upgrade
• Tie-ins to existing facilities
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Due to the nature of the structures, it was not always deemed suitable for a modular
approach and therefore a mixture of construction methods were adopted, resulting in
approximately 60% of the structures being in modular format.

KARRATHA GAS PLANT PHASE V EXPANSION COMPONENTS

A main deterrent to modularising LNG plants is the size of pipework and the ability
to engineer suitable break points to form independent structures offering advantages over
in-situ construction approaches. The availability of a computer -generated model, from
the previous expansion phase enabled detailed analysis of the potential breaks following
block modelling during the FEED phase. This resulted in 75 separate structures being
developed for delivery and connection at site.
Engineering of this pioneering approach to LNG train construction, was performed in
the Foster Wheeler Energy Limited offices at Shinfield Park, in Reading, UK. A team of
over 300 personnel from all project disciplines completed the designs and material
requisitions between April 2005 and the end of 2006 with design support provided from
Foster Wheeler offices in Asia and the Foster Wheeler WorleyParsons Joint Venture
offices in Perth. This team continues to offer site support to both the module yard and the
Karratha site. Procurement of all materials, with the exception of civil items, was also
centrally performed from the Reading office.
The team grew over the period to embrace representatives from suppliers, contractors
and consultants, including extended participation by representatives of the module
fabricator, main onsite mechanical installation contractor, heavy lift and shipping
companies, once they were selected early in the engineering phase. The views of all
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stakeholders were pivotal in bringing the modular concepts from design through to final
connection.
By July 2005, the module fabricator had been selected and work on site had
commenced, in parallel with the award of purchase orders for the main long-lead items of
equipment and a relatively high proportion of bulk items. To overcome the effects of the
increased competition in the market, the project adopted a policy of awarding contracts
and purchase orders early, to ensure resources and materials were secured, followed by a
rigorous approach to assisting, expediting and inspecting vendor activities.
Under the direction of the Perth-based Project Directorate, personnel were now active
in four main operating centres and an increasing number of vendor premises spread
throughout America, Europe, Asia and Australia. Coordination and communications
increasingly gained importance and were a key feature of the integrated project
management approach.

PTMI MODULE FABRICATION FACILITY, BATAM, INDONESIA

Module construction work commenced in Batam, Indonesia at the end of 2005, due to
the need for an extended mobilisation period necessary to reverse the market downturn of
the previous years. Aided by the significant deliveries of materials, the steelwork and
piping fabrications dominated the Batam yard workscope during the first half of 2006
allowing full layout of module footprints and erection of structures to follow the schedule
for shipping deliveries commencing in the third quarter of 2006.
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MODULE CONSTRUCTION IN “PANCAKES” – EACH LEVEL
CONSTRUCTED AT GRADE AND LIFTED INTO POSITION

Engineering of the modular components was construction-driven with commissioning
personnel in attendance at the module yard to assist in pre-commissioning, testing and
cleaning activities. They also developed the hand-over and commissioning dossiers for
final compilation at site when the modules are fully connected and are no longer separate
structures.
Engineering schedules were driven by construction requirements to fabricate the
module structures as individual layers – effectively “sub-modules” – for lifting into a
single structure at a later date. Schedule challenges were overcome by providing both
materials and relevant engineering data to service the construction schedule.
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MODULE INSTALLATION
SEQUENCE
DETAILED PLANNING COORDINATED
ONSITE CONSTRUCTION WITH
DELIVERIES
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In parallel with module construction, civil works progressed at the Woodside
operated, Karratha Gas Plant site from July 2005, to be ready in time for receipt of the
first modules by October 2006. The goal of finished paving, for the fifth LNG train, to
provide a clean, clear, dry working environment, was achieved in advance of the start of
mechanical works, following intensive site preparation, foundation construction and
extensive underground services installation.

TRAIN 5 CIVIL WORKS PROGRESS IN TIME TO ACHIEVE
THE SCHEDULE FOR MODULE ARRIVAL

Site construction quality, in terms of dimensional control, has been worthy of note.
For any modular project, hook-up requires accurate fit-up of components and is highly
dependent on the tolerances allowed in concrete foundation construction as the interface
with steelwork. Locating the first two modules on site-cast foundations justified the extra
attention paid to controls as adjacent module pipes butted together within millimetres.
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HOOK UP AND ALIGNMENT OF MODULES

DIMENSIONALLY CONTROLLED INTERFACE JOINTS TO FIT ONCE
MODULES WERE POSITIONED AT SITE. COMPLETE PIPERACKS WERE
FABRICATED AND SPLIT TO ENSURE HOOK-UP ALIGNMENT

ALIGNMENT OF 150MM – 800MM PIPE DIAMETERS AT SITE
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Work at the Karratha site included development of both “greenfield” areas, located
adjacent to the existing operating facilities and also “brownfield” areas, distributed
throughout the operational areas and requiring adherence to the full Plant Permit To
Work procedure to maintain the highest levels of safety. From the outset, the attitude
onsite towards unsafe acts was one of “zero tolerance”. The development of an open
relationship between all personnel ensured that lessons learned were shared and a
proactive approach to safety was implemented. To date, the record has been exemplary
and, with continued attention to all HSE aspects, the Project aspires to set new industry
standards.

MODULE HAUL ROAD CONSTRUCTION FROM JETTY TO SITE

In addition to the site works, the haul road was widened through the rocky outcrops
prevalent in the region. Modules are transported by Self-Propelled Motorised Trailers
(SPMTs) from the jetty over a few kilometres to site where they are offloaded directly
onto foundations.

MODULE STIFFENER PLATES AND LOOSE PIPE END STRAPS, INSTALLED
FOR STRUCTURAL INTEGRITY DURING MOVEMENTS
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The pre-assembly of LNG Train 5 has been optimised on the basis of transportable
units and repeating the essential layouts from Train 4. The pre-assembly structural design
for the LNG Train encompassed the philosophy to minimise the impact on other
discipline design work, particularly process, piping and foundations and to reuse the inplace civil and structural designs from Train 4, where possible. This was a new dimension
to modular work and when combined with the early steel procurement and module yard
contract strategies placed challenging requirements on the structural design.
The existing Train 4 bracing was generally insufficient to deal with additional
dynamic forces acting on the modules during the sea and road transportation. Therefore
additional bracing (temporary or permanent) and strengthening was added to service the
various strategic transport and lift stages of the pre-assembly. The decision about whether
bracing elements remained or were removed was taken based upon operational
requirements of the in-place condition and preservation of key structure stiffness’s to
avoid significant changes to foundation loads.
Sea transportation analysis and design has been based upon modified Noble Denton
criteria set by the specialist project Naval Architect, and endorsed by External Auditors.
Three shipping contractors were used, including semi submersible, geared heavy lift and
Roll-on Roll-off ships.
Some modules (typically up to approx. 300 tonnes) were designed for lift (depending
on ship type and module set out at site). Five modules exceeded 1,000 tonnes each with
one being 1,800 tonnes which pushed the existing boundaries for onshore modules of this
type. Extensive structural analysis work was performed to consider all the lift, road
transport, sea transport and in place design criteria, resulting in the addition of braces,
transport beams/ frames and strengthening or local rearrangement of the design.

MODULE STRENGTHENING FULLY VERIFIED BY NAVAL ARCHITECT
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TEMPORARY TRANSPORT BRACING, DESIGNED TO ACCOMMODATE
BOTH LIFTING FROM ABOVE AND SUPPORT FROM BELOW
DURING TRANSPORTATION

As with all temporary components, movement supports were colour coded to ensure
all items were highlighted for removal before commissioning. In addition to structural
bracing, a number of platforms – both permanent and temporary – were installed for ease
of hook-up work at site. In all design cases, the objective was to minimise the work at
site, (especially at height to reduce HSE risk). Hence, temporary strapping was primarily
located at the edge of the module structural envelope or specific access ways were
incorporated. Temporary works themselves were designed for ease of removal following
the sea journey.
The early involvement of the site mechanical hook-up contractor, as part of the design
team, enabled full buy-in to the installation requirements by the site team management.
This has generated further savings in hours worked at site and has introduced an
enhanced design to incorporate a range of constructability concepts. Such construction
analysis included review of every pipe joint to ensure accessibility was maximised and
spool dimensions were established to suit installation.
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DELIVERY AND TRANSPORT OF THE FIRST MODULE

MODULES WERE DESIGNED COMPLETE WITH
REQUIRED TEMPORARY BRACING
STEELWORK FRAMES FOR STRUCTURAL
INTEGRITY DURING BOTH LIFTING AND
TRAILOR MOVEMENTS
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LNG TRAIN PIPERACK MODULES 14204 & 14205 DESIGN,
FABRICATION AND SHIPPING
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PROCESS MODULE 14101 – PROCESS MODELLING, STEELWORK SUPPORTS,
TEMPORARY TRANSPORT BRACING AND IN CONSTRUCTION

Modules are now arriving at site on a regular basis, in accordance with the shipping
schedule. Progress at the site continues to march ahead of the module acceptance
requirements and the main mechanical contractor is now well into the programme for
module hook-up and in-situ construction activities. The new Phase V facility is on track
to provide LNG cargoes by the end of 2008, overcoming the challenges from the
continuing upswing in the market.
The modular strategy has proved a successful approach for this project.
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Woodside Energy Ltd
Karratha Gas Plant
Phase V Expansion project
STATISTICS
•
•
•
•
•

17 Module Shipments
2,400 tonnes Largest Shipment
75 Modules
35 – 1800 tonnes Module Weight Range
18,000 tonnes Total Module Weight

•
•
•
•
•

100 Vessels and Heat Transfer Equipment
30 Pumps
8 Main Compressors
1 gas Turbine Generator
4 Jetty Loading Arms

•
•
•

16,000 m3 Concrete
33,000 m2 Paving
2,000 m3 Buildings

•

11,000 tonnes Steelwork

•
•
•
•

8,300 Valves
80 Km Carbon Steel Pipe
30 Km Stainless Steel Pipe
12,000 Pipe Supports

•
•
•
•

1,300 Field Instruments
DCS
400 Instrument Control Valves
450 Km instrument Cable

•
•

500 Km Electrical Cable
33 kV Substation
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