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DEVELOPMENT AND IMPLEMENTATION
OF THE QATARGAS PROJECT

1. INTRODUCTION

Qatar Liquefied Gas Company Ltd. (Qatargas) was established in 1984
by an Emiri Decree to build, own and operate a 6 Mtpa (million tonne per
annum) LNG Plant (Downstream Project) in Qatar using North Field gas
as feedstock, and to export the products. At the time, the joint venture
partners with Qatar General Petroleum Corporation (QGPC) were
TOTAL and British Petroleum (BP). Marubeni and Mitsui joined Qatargas
in 1985 and 1989, respectively, BP withdrew in early 1992 and Mobil
joined a year later. Today, and since January 31 1993, shareholders in
the LNG Company are:

QGPC
TOTAL S.A.
Mobil Qatargas Inc.
Mitsui & Co. Ltd
Marubeni Corporation

65.0%
10.0%
10.0%
7.5%
7.5%

Qatargas shareholders and/or their affiliates are also carrying out North
Field Upstream Development (Upstream Project) to provide feedgas
requirements of the Qatargas LNG Plant. The Upstream Project is
governed by a Development and Production Sharing Agreement (DPSA)
executed between the Government of the State of Qatar and TOTAL in
1991. The DPSA was subsequently revised in January 1993 to include
all Qatargas1 shareholders:

QGPC 65.0%
TOTAL Qatar Oil & Gas S.A 20.0%
Mobil Qatargas Inc. 10.0%
Mitsui Gas Dev. Qatar B.V. 2.5%
MQL International Ltd. 2.5%

Qatargas is responsible for the implementation and operation of the
Upstream Project.



The Qatargas Project has been the only grass-roots LNG development
geared to the Japanese market in this decade.

• In May 1992, Qatargas concluded its first SPA (LNG Sales and
Purchase Agreement) for 4 Mtpa with Chubu Electric Power
Company for a period of 25 years starting January 1997 (1997 -
2021). The two-train/4-Mtpa Project has been completed and
Qatargas started its LNG exports on schedule: Al Zubarah, carrying
the first LNG cargo, left Ras Laffan Port in Qatar on December 23,
1996 and arrived at Kawagoe terminal in Nagoya (Japan) on
January 10, 1997.

• In December 1994, Qatargas concluded its second SPA for 2 Mtpa
(third LNG train) with a group of seven Japanese gas and utility
companies, thereby raising capacity of the Project to 6 Mtpa. LNG
exports under this SPA are due to commence in September 1998,
and to continue till end 2021.

2. THE QATARGAS OVERALL PROJECT

2.1 Development Strategy

The overall LNG chain, i.e. Upstream, Plant and LNG Shipping, for
the two-train/4-Mtpa Project has been designed to minimize
preinvestment and the impact of adding a third LNG train for an
additional 2 Mtpa:

• Downstream : the layout of the Plant has been configured to
allow for 6 Mtpa of LNG and for an ultimate expansion to six
LNG trains (12 or more Mtpa).

• Upstream : the offshore production gas pipeline and some of
the onshore facilities are able to accommodate over 1400
Mscfd (million standard cubic feet per day) of production gas
for the 6 Mtpa LNG Plant.

• Shipping : Qatargas will not own LNG carriers, but it has full
responsibility for the transportation of LNG. The time chartered
LNG fleet could be extended from seven to ten carriers when
LNG production reaches 6 Mtpa.



2.2 Upstream Facilities (Figure 1)

The Phase I! or Qatargas North Field Bravo Offshore Complex
facilities (NF Bravo) are capable of an average nominal wellhead
production of 900 Mscfd of gas sourced from the Khuff K4 reservoir
of the North Gas Field to supply the feedstock requirements of the
4 Mtpa liquefaction plant. It is located approximately 80 km north-
east of Ras Laffan and approximately 10 km south-east of QGPC's
Phase I (NF Alpha) Platform Complex.

The 900 Mscfd offshore production centre consists of two wellhead
platforms, a process/utilities platform, an accommodation platform,
a flare platform, and connecting bridges with support platforms.
The dehydrated gas and dewatered condensate are transported 80
km to the onshore reception facilities at Ras Laffan via a single 32-
inch undersea pipeline operated in diphasic mode. Condensate
for export (1.3 Mtpa) is extracted in the Upstream onshore facilities

Additional facilities to provide feedstock gas for the third LNG train
onshore are in progress; these will raise the exported quantity of
condensate to above 1.9 Mtpa.

2.3 LNG Plant (Figure 2)

The Qatargas LNG Plant facilities (and Upstream Onshore
facilities) are located in the new industrial complex at Ras Laffan
where QGPC has undertaken the financing and construction of an
entirely new port - the Ras Laffan Port (RLP). Qatargas has the
benefit of a dedicated berth for export of LNG and shared berths for
condensate and sulphur.

The Qatargas LNG Plant is a modular project , initially based on
two LNG process trains, storage and loading facilities and all offsite
and utility systems required for production and shipment of 4 Mtpa
of LNG. The LNG Plant is powered by gas turbines for process
compression and electrical generation, and it is cooled by a once-
through sea water system. Addition of a third LNG train, raising the
annual LNG production to 6 mtpa, is in progress.



2.4 Shipping

The 4 Mtpa project requires a fleet of seven LNG carriers, each of
135,000 cubic metres nominal capacity, to transport annually 4
million tonnes of LNG from Qatar to Japan. Three further carriers
are being built to transport the additional 2 Mtpa of LNG that will be
available from the third train.

Shipment of condensate (until a planned condensate refinery
comes onstream by end-2000) and sulphur will be arranged by the
off-takers of the products.

3. DESCRIPTION & IMPLEMENTATION
OF UPSTREAM FACILITIES

3.1 Contracting Strategy

The Project covers all facilities from the offshore production gas
wells to downstream of the onshore feed stock gas separation
facilities. Four separate competitively bid EPCC (engineering,
procurement, construction and commissioning) contracts were
awarded during the period December 1993 - March 1994. These
were:

C-004 : Wellhead Platforms, Jackets, Flare, Bridges &
Living Quarters Topsides (McDermott - ETPM)

C-005 : Process & Utilities Platform Topsides (NPCC -
Technip Geoproduction)

C-007 : Onshore Facilities - gas reception, separation,
condensate stabilization & storage/ship loading
(Toyo Engineering)

C-008 : Production Gas Pipeline from NF Bravo Complex
to shore at Ras Laffan (Saipem)

In addition, Qatargas undertook the procurement of all bare line-
pipe for Contract C-008 and a small amount of line-pipe for
Contract C-007.



All Upstream contracts were awarded on a lump sum basis, and
Completion Packages were divided to facilitate handover during a
phased period, with penalties assigned for late completions.

Overall coordination between contractors was undertaken by
Qatargas. Resident Qatargas Project Task Forces were
established in design offices and fabrication yards of contractors to
facilitate rapid decision making and approvals for matters of direct
concern to Qatargas.

3.2 Offshore Platform Complex

The conceptual and basic design work was undertaken in 1992-93,
in offices specially set up for Qatargas in Technip's Paris Office.
Various configurations of the Offshore Platform Complex were
investigated, but the adopted arrangement is similar to QGPC's NF
Alpha Complex.

The Qatargas NF Bravo Complex is therefore in the form of a
cross, arranged with its "vertical" axis aligned on the prevailing
wind of 330° to north, in a water depth of 53 metres. Looking
downwind, there is firstly the Living Quarters Platform, followed by
the Process & Utilities Platform then the Main and Intermediate
Bridge Supports and finally the Flare Platform. On the "horizontal"
axis there are Wellhead Platforms 1 and 2, whose flowline bridges
connect to the Main Bridge Support.

To provide feedstock gas for LNG Train 3, a third Wellhead (WH)
Platform is installed. This free-standing WH Platformjs located
South-East of the Bravo Complex, and will be connected by a
single sub-sea trunkline (20 inches in_diameter and about 6.4 km
long) to an additional Process Platform which is to be installed at
the Complex and be bridge-connected to the Process/Utilities (PU)
Platform.

Wellhead Platforms 1 and 2 each have 9 well slots, with wellhead
fluids being manifolded together before the flowlines are routed to
the PU Platform. The Platforms were installed early (in January
1995) in order that drilling could commence by use of two jack-up
rigs, "Hakuryu 8" and "Hakuryu 9". The planned number of wells is
initially 15, each drilled to an average depth of 2900 metres and
with an average deviation of 40° from vertical; WH-3 Platform will
have 5 wells.



The process steps of the PU Platform include:
• wellhead fluid production and well testing
• initial separation of the gas, condensate and free water
• cooling of gas and condensate
• further separation of gas and condensate
• dehydration of gas and condensate
• comingling of gas and condensate for routing to shore.

Essentially, the offshore process equipment is divided into two
trains, each of nominal capacity 484 Mscfd gas production, and
with combined peak feedstock gas flow rating of 919 Mscfd to the
LNG Plant. This peak feedstock gas flow will rise to 1378 Mscfd
when the third train is completed.

The single production gas pipeline to shore also originates on the
PU Platform before being routed to the sea bed on its way to Ras
Laffan.

The Living Quarters (LQ) Platform has 36 bedrooms and
maximum capacity of 98 beds. There is a medical centre, and the
leisure facilities include a squash court, gymnasium, snooker table
and TV lounge, supported by a good quality dining room. A
helideck and passenger handling office is located at the uppermost
level.

To support the offshore process trains and the living requirements
of the resident operating staff, utilities equipment is provided on the
PU and LQ platforms. These includes:
• power generation by gas turbine (PU Platform)
• potable water production by desalination (LQ Platform)
• fire fighting by sea water (PU Platform)
• treatment of process water and sewage (PU Platform)
• telecommunications equipment (LQ Platform).

For safety and abnormal operation purposes, any relief gas is
directed to the Flare Platform where the gas is discharged at the
top of a 95 metre tower. The bridges between the various platforms
are used to carry the interconnecting flowlines, pipes and cables, in
addition to providing personnel walkway access between the
operating areas.



The detailed design, procurement, construction, installation and
commissioning (where applicable) for all the platform jackets and
the LQ Platform topsides were undertaken by McDermott/ETPM
using their fabrication yard in Dubai. The similar scope for the PU
Platform topsides was undertaken by TPG/NPCC using NPCC's
fabrication yard in Abu Dhabi. Both contracts were awarded in
December 1993.

The one piece LQ topsides module was skidded on to the transport
barge in February 1996 for its journey to the North Field. It's weight
was 2,100 tonnes. On location, the module was lifted into place on
the piled four leg jacket by the McDermott crane barge DB27 during
a night-time operation. Such action was necessary due to the
unusually inclement weather conditions that were being forecast.

The single PU topsides integrated-deck module was also skidded
on to a larger transport barge in January 1996 for its journey to the
North Field, but on this occasion, with the module support legs
sitting outside the sides of the barge. The module weight was
7,100 tonnes. On location in early March, the barge was carefully
manoeuvred between the eight protruding legs of the piled jacket,
and the module legs were lowered on to the jacket by using a
combination of barge water ballasting and hydraulic jack retraction.
The whole installation activity lasted about 12 hours and was
blessed by favourable offshore weather, which was important due
to the limited 0.3 metre clearance of the barge inside the jacket
legs.

The main advantage of the one-piece modular fabrication for the
topsides was that virtually complete construction was achieved
onshore, considerably reducing the hook-up and commissioning
activities at the offshore location. In addition, the float-on method
for the PU module eliminated the need for mobilization into the
Arabian Gulf of a special ultra-heavy lift vessel.

Tie-in of the various interconnecting components of the Complex
took place in the period February to June 1996, leading to first gas
available to the production pipeline on 7th July.



3.3 Production Gas Pipeline

The single production gas pipeline (sealine) originates in the lower
deck of the PL) Platform and is routed on the sea bed to its
destination in the Upstream plot onshore at Ras Laffan. It is
operated in diphasic mode, i.e. it transports the gas and
unstabilized condensate in unrestricted contact with each other.

The contract scope awarded to Saipem in March 1994 covered the
design, fabrication, installation and testing of the sealine, the
principal parameters of which are:

As-installed length 80.3 kilometres
Nominal diameter (external) 32 inches
Design pressure 155bar.a
Wall thickness 22.2 & 31.1 mm
Internal volume 36,943 m3

Material specification API.5L.X65
Concrete weight coating thickness 60 to 150 mm
Number of sacrificial anodes 670

The 78.7 km offshore section of the sealine was installed by the
pipe laybarge "Castoro V" during the period July to September
1995. The pipe material was procured by Qatargas from Europe
and coated for Saipem by NPCC at its yard in Abu Dhabi, before
being transported by flat-top barge to the lay vessel. The first few
kilometres from Ras Laffan were in very shallow water, with the
depth then increasing gradually to the maximum depth of 53 metres
at the Bravo Platform Complex site.

The termination points were near the top of the riser on the PU
Platform, and upstream of the ESD valve in the Onshore reception
facilities. Except for trenching in the landfall approach area, the
long submerged part of the sealine rests directly on the undisturbed
sea-bed. The short onshore section from the landfall to the Plant
(about 1.6 km in length) is buried. In this section, two detectors
have been installed to warn against the imminent arrival of a liquid
slug. The detectors are housed in fenced protective pits, near the
Northern Perimeter Road.



The selected route involved the sub-sea crossing of three existing
facilities:

• the 34-inch North Field Phase I gas pipeline
• the 12-inch North Field Phase I condensate pipeline
• the Bahrain / UAE international telephone cable.

These crossings, in water depths of about 20m and located 14 and
16km from shore, were all completed successfully, with sub-sea
bridges installed to ensure appropriate clearance between the
respective components.

Testing, internal cleaning and pre-commissioning of the sealine
were carried out during the first half of 1996 ; the pipeline was
ready for first gas entry in July 1996.

3.4 Onshore Reception Facilities

The onshore reception facilities are located at the western side of
the LNG Plant, in a segregated Upstream plot. There are three
principal reasons for the segregation:

• Upstream activities are covered by a Development and
Production Sharing Agreement

• Shareholdings of participants are different to those in the LNG
Plant Project

• Design codes of equipment and systems are different from the
Qatargas LNG Company.

The sealine enters the Upstream plot at a location 1.4 km from the
beach. The line is maintained buried for its onshore portion,
emerging above ground only when it is inside the plot boundary.
The termination of the sealine is at the upstream side of the main
ESD valve.

The reception facilities consist of a high pressure protection
system, a slugcatcher, feedstock gas separation, two condensate
stabilization units and off-gas recompression facilities. The
slugcatcher has a liquid capacity of 2000 m3 and comprises 8
fingers of 46-inch diameter pipe joining gas inlet and liquid outlet
headers also of 46-inch diameter. The condensate stabilization
units are each rated at 20,000 bbl/d. The single off-gas compressor
is driven by an electric motor.



To support the ongoing expansion to three LNG trains, a third
condensate stabilization unit and a second off-gas compressor are
being installed.

3.5 Condensate Storage and Loading

The separated and stabilized condensate is piped to the storage
area, which is located about 1 km east of the LNG Plant. Here,
three floating-roof tanks each of 298,000 bbl (50,000 m3) gross
capacity are installed in a fenced plot.

There are three loading pumps, each of 2,000 m3/h, any two of
which are used to transfer the condensate to Berth 2B in the Port.
The loading line is 28 inches in diameter and about 4.5 km long,
routed along the Lee Breakwater of the Port. On Berth 2B, two 16-
inch loading arms are used to load the condensate into tankers.
The Berth can accommodate tankers in the nominal size range of
20,000 to 300,000 DWT, dependent upon their overall physical
dimension and manifold location.

3.6 Phase II / Phase I Gas Interconnection

During the build-up period to LNG production plateau, the required
quantity of feedstock gas will be lower than the flowrate available
from offshore. Accordingly, the opportunity for revenue receipt from
condensate sales will be restricted. By using an interconnection
between the dry gas systems of Qatargas1 Phase II and QGPC's
Phase I, it is possible to transfer surplus feedstock gas into the
QGPC system and so achieve an increased condensate production
rate.

The operating pressures of the two systems are normally such that
flow of dry gas from NF Bravo to NF Alpha requires booster
compression with electric driver. A 20-inch diameter pipeline
connects the Upstream Reception Facilities area with a branch on
the 34-inches diameter buried pipeline in the QGPC valve
compound, north-east of the LNG Plant to facilitate such gas
transfers.

Alternatively, the interconnection could serve to supply quantities of
NF Alpha gas to Qatargas if need arises.



4. DESCRIPTION & IMPLEMENTATION
OF THE LNG PLANT

4.1 Contracting Strategy

The front end engineering design (FEED) work was undertaken in
the Houston office of the M.W. Kellogg Company from early 1992
until First Quarter 1993.

The Plant Project uses one overall engineering, procurement and
construction (EPC) contract. The EPC Contract for the two-train/4
Mtpa plant and associated facilities, with an option for third LNG
train, was awarded to Chiyoda Corporation of Japan in May 1993,
including assignment of responsibility for three smaller long-lead
items which were previously awarded by Qatargas: (i) LNG Tanks
to TBMM, a consortium of SN Technigaz & Bouygues of France
and Mecon & Midmac of Qatar, (ii) Cryogenic Heat Exchangers to
APCI of the United States, and (iii) Compressors to Nuovo Pignone
of Italy. In addition, a few small contracts were awarded and
administered directly by Qatargas for such activities as site
surveys, site preparation and Qatargas Head Office Building,_due
for completion in Second Quarter 1997.

All of the above contracts were competitively bid and awarded on
lump sum basis, and Completion Packages were divided to
facilitate handover during a phased period, with penalties assigned
for late completions.

A Qatargas LNG Project Task Force (PTF) was established in
Chiyoda's Yokohama office to facilitate rapid decision-making and
approvals for matters of direct concern to Qatargas.

4.2 Summary of Process System

The Plant process system is supplied with feedstock gas from the
Upstream facilities via a 30-inch diameter pipeline. Filtration and
fiscal metering then takes place in the common reception facilities
before the feedstock flow is divided into three streams, one to each
LNG process train.

Each LNG process train consists of the following stages before the
resultant LNG is directed to the storage tanks:



• feedstock inlet reception
• acid gas removal
• dehydration & mercaptan removal
• mercury removal
• liquid separation & aromatics removal
• liquefaction system
• nitrogen rejection.

Process support facilities associated with the LNG trains include:
• acid gas treatment, sulphur recovery and tail gas incineration
• fuel gas distribution
• NGL extraction, refrigerant make-up and NGL return for

shipment
• gas flaring and liquid burning
• flash gas for use as fuel
• process effluent water treatment.

Utilities support facilities for the LNG trains include:
• electrical power generation
• steam generation
• cooling water circulation
• water desalination
• fire fighting water distribution
• air compression
• nitrogen generation.

4.3 Feedstock Reception Facilities

The overpressure protection system and primary condensate
separation facilities are located in the onshore Upstream plot, with
the resultant feedstock gas being transferred into the Plant area via
a single pipeline. Initially the feedstock gas passes through a
filter/separator vessel before being directed through the fiscal
metering station and then divided into three streams, one to each
LNG process train.

The inlet reception facilities of each train are composed of a knock-
out drum, the first stage mercury removal vessel, and the duplex
first stage mercury removal filters. The feedstock gas contains
trace quantities of mercury, which corrodes aluminum. The two-
stage mercury removal unit protects the aluminum components of
the main cryogenic heat exchanger and other aluminum equipment
in the LNG trains.



4.4 LNG Process Trains

In each train, acid gases (CO2 and H2S), mercaptans and other
sulphur products are removed from the feedstock gas to meet LNG
product specifications, and to prevent CO2 from freezing out in the
cold end of the liquefaction unit. Sulphur is recovered from the acid
gas, solidified and trucked to the Port for shipping. The sulphur
export system at the Port consists of a solid sulphur storage silo
and a travelling shiploader. The silo capacity is 20,000 tonnes.

Drying of the gas is required to prevent ice and hydrate formation in
the liquefaction unit, which would cause blockage of lines and
equipment. Residual mercaptans are removed together with water.

Following pretreatment, the gas may then be chilled and liquefied.
This is done in two steps, using two distinct refrigerant closed
loops: the propane loop and a loop involving a predetermined
mixture of nitrogen, methane, ethane and propane. The first loop
pre-cools the gas and allows the removal and recovery of heavy
hydrocarbon components which would freeze in the main cryogenic
exchanger. The second loop liquefies the gas by cooling it down to
minus 160°C. Gas turbines provide the power required to drive the
refrigerant cycle compressors, while heat generated by the
refrigerant systems is rejected to the sea by means of a once-
through sea water cooling system.

After chilling by the propane loop, a separated stream of liquid
consisting of ethane and heavier hydrocarbons is fractionated to
recover LPGs and NGLs, as well as to produce ethane and
propane make-up for the refrigerant cycle. The NGLs are returned
to the Upstream plot and are combined with the field condensate
previously separated from the production gas.

To liquefy the gas, the stream is then introduced into the main
Cryogenic Heat Exchanger, where it is further liquefied by heat
exchange with the mixed refrigerant compressor loop.

Finally, nitrogen is rejected from the LNG in order to allow it to be
stored more efficiently. The flash gas stream with a high nitrogen
content is recovered and used as fuel gas. The commercial grade
LNG is pumped to LNG storage, at a nominal rate of 300 tonnes
per hour (about 675 cubic metres per hour) from each train.



A flare and liquid burner system is provided which separately
disposes of wet gas, dry gas, sour gas, and liquids.

4.5 LNG Storage and Loading

The LNG produced in the two trains is stored in three identical full-
containment, double metal inner wall and concrete outer shell
storage tanks for maximum safety. Each tank has a nominal
working capacity of 85,000 cubic metres, and is equipped with four
top entry column-mounted loading pumps each of capacity 1,300
rrr/h and one circulation pump of capacity 250 m3/h. The tanks
are located at the north-east corner of the Plant area, and the
loading lines are routed along the Main Breakwater of the Port to
LNG Berth No.1.

Two boil-off gas compressors located near the tanks recover the
tank vapours and compress them for use in the fuel gas system. A
balancing flare is provided nearby for the recovery system.

A fourth LNG tank and a third boil-off gas compressor are being
added for the third LNG train.

LNG is loaded into carriers through three articulated loading arms,
each having pipes of 16 inches diameter and capacity of 3,400
m3/h. This leads to an overall nominal loading rate of 10,000 m3/h,
which means that an LNG carrier spends less than 24 hours in port
at Ras Laffan. A fourth arm is used to receive the vapour
generated in the ship during loading; the vapour is directed to a
discharge flare located outside the Breakwater.

4.6 Utilities Support Systems

Electrical power is generated by five gas turbine drive machines,
each of 28 MW ISO rating, with a sixth machine being added for
the third LNG train. With this design, at least one machine is
always available as spinning reserve or as standby for
maintenance. The machines are simple cycle, of the GE Frame 6
type, and are installed outdoors within individual acoustic
enclosures.

Two diesel engine driven machines, each of 2.5 MW rating, provide
standby, emergency and restart power capability.



Steam is generated at a pressure of 10 barg in three gas-fired
boilers, each rated at 146 tonnes per hour. A fourth boiler is being
added for the third LNG train.

The sea water cooling system includes the intake facilities located
in the Port with two sea water pumps per LNG train, the supply
distribution and return systems, the return weir box, and outfall
channel discharging to the open sea. Maximum water temperature
differential from intake to outfall is 10°C. A fifth pump (seventh
after 3 LNG trains) acts as a common spare on the connecting
manifold, from which the LNG trains are supplied. All the pumps
are vertical shaft suspended, bowl type with vertical electric motor
drive ; capacity is 17,300 m3/h each.

Fresh water is obtained by desalination of sea water, with the units
located in the Utilities plot of the Plant. Three units of the thermo-
compression type are installed, each of 40 m3/h capacity.

Three fire fighting water pumps are provided, each of 1,000 m3/h
capacity. The pumps are diesel engine driven through a right
angle gearbox to a vertical shaft suspended bowl pump. These
pumps supply sea water and are located in one bay of the intake
structure in the Port. For the first hour of any incident, and for the
pressurization and routine regular testing of systems, fresh water is
provided from a storage tank in the Utilities plot of the Plant. Fresh
fire water is pressurized by an electrical and a diesel driven pumps.

Air compression is provided by four electric motor drive machines.
Air is used for instrumentation and service purposes, thus drying is
undertaken before storage and distribution.

Nitrogen liquefaction is carried out in two units, equipped with two
liquid nitrogen storage tanks of 90 m3 each to provide an inert gas
for snuffing purposes and maintenance evacuation of enclosed
spaces.

4.7 Construction

Construction of the grass root LNG Plant requried an enormous
effort by Chiyoda and its subcontractors resulting in a peak
construction manpower build up of over 9,000 personnel in October
1995. As of January 1997 a total of over 57 million man-hours had
been spent in constructing the facility. Totals of some of the
material quantities utilized in Plant construction are:
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Consistent with the strategy of the EPC contract, Plant construction
efforts focused on the phased completion and hand-over of stand
alone facilities to Qatargas to allow accelerated start-up and
operational activities.

The first of the Plant facilities to be completed were the site
industrial buildings. These facilities included such buildings as the
laboratory, fire station, workshop, training centre and gate house
which were handed over to Qatargas in September 1995.

Following hand-over of the buildings, the Plant utilities systems,
including fuel gas, power generation, fire protection, compressed
air, effluent treatment and seawater intake, were the first
operational facilities to be completed and were handed over to
Qatargas for start-up and operations in January 1996.

In May 1996, the remaining utilities systems required for operation
of the first LNG train, including desalination and steam generation
systems, were completed and handed over.

On September 1, 1996 the next major milestone in construction of
the Plant was achieved when the first LNG train was completed
and handed over to Qatargas one month ahead of schedule. Early
completion of this milestone allowed Qatargas to accelerate start-
up activities and produce the first drops of LNG on November 15,
1996 well in advance of the first LNG shipment date.

Finally, on December 8, 1996 construction of the second train was
completed and handed over to Qatargas three weeks ahead of
schedule.

Construction of the third LNG process train is currently progressing
well ahead of schedule



5. PROCUREMENT OF SHIPPING

5.1 The LNG Carrier Fleet

Qatargas has full responsibility for the transportation of LNG. The
two train project requires a fleet of seven LNG carriers, each of
135,000 cubic metres nominal capacity, to transport annually 4
million tonnes of LNG from Qatar to Japan. Three similar carriers
are required to transport the additional 2 Mtpa of LNG that will be
available from the third train, bringing the total fleet to 10 carriers.

LNG carriers have been internationally bid by Qatargas in two
stages: firstly among shipyards and then among shipowners. All
carriers have been or are being built to Qatargas' specifications in 3
yards in Japan (Mitsui Engineering & Shipbuilding, Mitsubishi
Heavy Industries, and Kawasaki Heavy Industries) for time-charter
to Qatargas by a consortium of Japanese shipowners and
operators (Mitsui O.S.K., Nippon Yusen Kabushiki Kaisha,
Kawasaki Kisen Kaisha, Showa Line, and lino Kaiun Kaisha).

The vessels are of the five-tank Moss Rosenburg spherical tank
design and have a normal cruising speed of 19.5 knots, offering a
round trip voyage time between Qatar and Japan of just under one
month. They have steam turbine driven propulsion, using boil-off
gas from the LNG as primary fuel whenever possible (or forced
boil-off when desirable) and bunker oil at other times.

The vessels have identical physical dimensions, including an
overall length of 297.5 metres and a summer laden draught of 11.2
metres, and a design dead weight of about 68,200 tonnes. There is
maximum accommodation for 46 crew, and a normal complement
of 29 persons.

The first two of the ten LNG carriers: Al Zubarah & Al Khor, entered
service, respectively, in early November 1996 and early December
1996, with the next two - Al Rayyan & Al Wajbah - coming into
service in April and May 1997. The final ship of the ten-vessel fleet
will enter service in June 2000.

At plateau LNG production for three trains, the ships will deliver
about 108 cargoes per year.



5.2 Shipment of Other Products

Responsibility for arranging condensate and sulphur ships rests
with the customers:

• Condensate Berth 2B at RLP will cater for ships in the nominal
range of 20,000 to 300,000 DWT, provided the ship's principal
dimensions are acceptable to the Port and the Berth.

• Sulphur Berth can accommodate ships in the nominal range of
8,000 to 45,000 DWT, with the ship-loader able to move along
the wharf and reach the majority of a ship's holds. The normal
loading rate is up to 1,000 t/h for the larger ships who do not
have a trim problem at this quantity; smaller ships can be
loaded at reduced rate if necessary.

6. MAJOR QATARGAS DEVELOPMENT
DECISIONS

At each of the design stages of development of the Qatargas Projects,
i.e. during conceptual, front end engineering design and detailed
engineering, several major decisions had to be taken. The background
to some of these decisions is now reviewed.

6.1 Configuration of Offshore Platform Complex

The QGPC North Field Alpha Offshore Platform Complex was
designed in the late 1980's - it was launched in 1987 and
production successfully started in mid-1991. NF Alpha yields about
750 Mscfd of lean gas and about 5,000 tonnes per day of natural
gas liquids.

NF Alpha consists of 6 platforms with 2 bridge supports and 7
connecting bridges. The platforms are Living Quarters, Utilities,
Process, Wellheads (2) and Flare. During installation, each of the
topsides assemblies was lifted into place by floating cranes.

For the Qatargas 900 Mscfd Bravo Offshore Platform Complex, the
possibility of combining the Process and Utilities on to one platform
was investigated. Although the topsides weight would exceed 7,000
tonnes, the technique of floating the topsides into place on its



transport barge was considered to be sufficiently developed as to
merit further review. As a result of this review, which included
weather data for the installation site and the capability of the
fabrication yards to handle such a large one-piece weight at load-
out, the decision was made to adopt a combined Process and
Utilities Platform. The number of platforms at the Bravo Complex is
therefore five, for the initial 4 Mtpa LNG development, with 6
connecting bridges.

6.2 Operation Mode of Production Gas Pipeline

The production pipeline parameters for QGPC's NF Alpha
production gas pipeline were finalized in the late 1980s. The overall
length is about 210 kilometres, of which 80 kilometres are sub-sea
from NF Alpha to the landfall at Ras Laffan and the remaining 130
kilometres are buried on land for the route to Messai'eed. Having
regard to the length of the route and the slight uncertainty of the
condensate content of the raw wellhead gas before actual
production started, QGPC opted for two separate pipelines. The dry
gas pipeline is therefore 34 inches in diameter, and the condensate
pipeline is 12 inches in diameter.

For the Qatargas NF Bravo development, the route length is only
the 80 kilometres to Ras Laffan, and there is increased confidence
in the condensate content of the raw wellhead gas. Accordingly,
Qatargas, supported by extensive simulation calculation, has opted
for the most economic solution of a single production gas pipeline
to be operated in diphasic mode, with a suitably sized slugcatcher
included in the onshore reception facilities.

6.3 LNG Plant Cooling Medium

Since there is abundant sea water on a coastal site such as Ras
Laffan, the choice of water rather than air for cooling purposes
would seem to be a simple one. Yet in a similar hot-climate coastal
environment in Western Australia, the North West Shelf LNG Plant
commissioned in 1989 had chosen air cooling and had operated
successfully on air. At Ras Laffan the main operational limitations
for cooling water are the maximum summer water temperature of
35°C and the maximum permitted differential temperature from
intake to outfall of +10°C. After evaluation of all technical and
commercial aspects, it was decided to adopt a once-through direct
sea water cooling system.



At the time the decision was made, the sea water intake was to be
located on the Northern coast, with the supply pipework route
length of about 2,100 metres to the Plant boundary. The
subsequent decision to relocate the intake to the Inner Harbour of
the Port increased this route length to about 4,500 metres. The
relocation did not change the balance away from water cooling but
enabled the cooler water present in the deeper areas of the sea at
Ras Laffan to become more readily available, because the Port
entrance is dredged to -15.0m CD, the main basin is dredged to -
13.5m CD and the cill elevation of the water intake structure is at a
natural depth of about -6.0m CD. It is evident that the original
northern coast location would not have provided such cool intake
water without very major civil engineering, because the solar
heating effect is significant and the same -6.0m CD water depth
could not be achieved until a distance of about 1400 metres from
the beach.

It is estimated that this relocation of the seawater intake facility
saved about $200 million.

6.4 Plant Cooling Water Pipework Material

Within the Plant, the 84-inch, 72-inch, 44-inch and 30-inch
diameter pipework had to be buried to ensure that operating access
in and around the process trains was not impeded. The selected
material is of the concrete walled type with pressure containment
by steel tube. Joints are of the sliding male and female type, having
peripheral grooves filled with sealant. Internally, the gap between
pipes is filled with concrete grout.

Outside the Plant boundary, the pipework is above ground, has a
constant 84-inch diameter, and is made from carbon steel with
"flake-glass" lining. Joints are butt-welded, with the lining made
good by a manual coating application. Externally the pipework is
coated with epoxy paint and finished in the usual grey colour. The
pipework is supported by steel saddles on concrete sleepers, with
adequate clearance gaps under the pipes to avoid the build-up of
wind-blown sand.



6.5 Plant Refrigerant Compressor Drivers

During the conceptual design stage, the respective merits of steam
turbines and gas turbines for the refrigerant compressor drivers
were reviewed:
• For the drive power required, and the LNG production per train,

it was noted that in a similar ambient temperature situation in
Western Australia, gas turbines of the two-shaft GE Frame 5
type were operating successfully. The addition of electric
helper motors for the gas turbines was also a proven
development, both in Australia and elsewhere, but motors were
eventually found to be unnecessary for Qatargas.

• For the modular process train concept that Qatargas had
adopted, the steam turbine approach (with its necessary high
pressure boilers and distribution system having to be
extendible without further shutdown of initial facilities)
represented a commercial disadvantage. In addition, disposal
of the medium pressure and low pressure steam before
eventual condensation into returning boiler feed water imposed
undesirable rigidity on many of the auxiliary driver functions in
the process trains.

Since both drivers were technically acceptable and equally reliable,
the GE Frame 5 drivers were selected. This was followed by the
selection of the single-shaft GE Frame 6 type gas turbine driver for
power generation duty.

6.6 LNG Storage Tank Foundations

Above-ground LNG storage tanks are usually supported on either
piled, ringwall or mat foundations. For Qatargas, the choice was
between the piled and the mat type, with the piled foundation
originally thought to be necessary due to the ground in that part of
the Plant Site having been elevated by filling and compaction. An
air gap between the ground level and the underside of the tanks or
an electrical heating system was required to avoid the freezing
effect of the cold structure on the soil. Piles would have been
surrounded at lower levels by sea water saturated soil, as the water
table in any excavation was seen to be quite high and to have a
direct relationship to the natural tidal height (at the coast) at any
time.



Tests on the elevation of the underlying rock and the stability of the
compacted fill revealed that a mat foundation was possible, and an
economic assessment was carried out. This assessment showed
the mat foundation, with electrical heating, to be economically and
technically attractive. Accordingly, the mat foundation was adopted
; this saved the base two-train project about $4 million.

6.7 Location of LNG Marine Flare

In view of the distance of LNG Berth No.1 from the storage tanks,
and also from the original shoreline in the Port, a separate marine
flare located over water was recognized as being necessary, since
compression of return vapour generated during LNG loading was to
be avoided.

Because locating the flare inside the harbour would interfere with
the vision of pilots entering the harbour, the flare was located
outside the Main Breakwater.

6.8 Configuration of Approach to LNG Berths in Port

Throughout the Qatargas conceptual design and FEED stages,
QGPC indicated that the approach to each of the four LNG Berths
inside the Main Breakwater would be via a two-trestle arrangement
supported on piles or concrete blocks. However, the approach to
the Condensate Berths was always envisaged as a narrow stone-
filled embankment attached to the inside of the Lee Breakwater
with the distance from the outside of the Main Breakwater being the
technical minimum for jacket installation and on-land radiation
safeguards.

As the design development of the LNG Berths progressed, the
future operational access difficulties that would be faced when
installing Berth No.2 piping on the combined Berth 1/2 trestle, and
when building a further parallel trestle for Berths 3/4 in close
proximity to the operating Berth 1/2 trestle, were recognized. The
alternative was to build a common in-filled embankment, starting off
very wide but becoming narrower as each Berth was reached and
passed. Eventually QGPC opted for the change to the wide
embankment, with a branched causeway about 400 metres in
length leading to Qatargas' LNG Berth No.1. A division of
responsibility between QGPC and Qatargas was established when
the approach was a trestle, which would not permit simultaneous



access by QGPC's and Qatargas1 contractors. For commercial
reasons this respective responsibility was retained, but when
applied to the embankment arrangement resulted in unusual
termination points for work. One example was the Berth approach
road, which was QGPC's responsibility for the final 1,200 metres
out of 3,500 metres, i.e. the section at the seaward end that would
have been on the Berths 1/2 trestle.

It should be noted that in hindsight there were significant access
benefits obtained from the embankment arrangement during
construction.

7. ISSUES AND RELATIONS WITH
OTHER PARTIES

7.1 Interfaces with Other Parties

In addition to interface issues within the Qatargas overall project
involving (i) Qatargas Upstream Project, (ii) Qatargas LNG Project,
(iii) Qatargas Commercial & Shipping (QCS, formerly Qatargas
Shipping Team, QST), and (iv) Qatargas Finance Team (QFT), the
list of principal external interfacing parties comprises:

• QGPC's Ras Laffan Port Project (RLP)

• Ras Laffan LNG Company Ltd (RasGas)

• Qatar Public Telecommunications Corporation (Q-TEL)

• QGPC's Ras Laffan Industrial City (RLIC)

• QGPC's Operations Directorate

• Qatar Government Ministries (mainly Municipal Affairs &
Agriculture, and Electricity & Water).

The Qatargas involvement with each external party is now reviewed
in brief in the following sections.



7.1.1 Ras Laffan Port Project (RLP)

In the late 1980s, QGPC established a major project team to draw
a Master Plan for the Gas Utilization in Qatar, including the
development of a new industrial centre of Ras Laffan.

Prior to 1991, the Qatargas LNG Plant was intended to be
constructed on land fronting the beach to the South of QGPC's
existing NGL facility at Messai'eed Industrial Area. Many of the
support services needed for Plant construction and operation
already existed nearby, such as a project materials, import berth
and condensate and sulphur loading berths, which would only
need expansion by QGPC.

For national strategic reasons it was then decided to make the
Qatargas Project the first industry in a new grass-roots industrial
area being established at Ras Laffan. On its part, QGPC
undertook to provide from its own funds the differential facilities
that would be needed at Ras Laffan, when compared to those
facilities available at Messai'eed. Central to this decicion was the
design and construction of a new Port of Ras Laffan, including
berths for LNG, condensate and sulphur export, and materials
arrivals as well as seawater intake and outfall facilities. With Ras
Laffan being originally a grass-roots area traversed only by two
buried pipelines from the North Field Phase 1 development, much
infrastructure in the form of earthworks, roads, pipe culverts,
drainage and street lighting was needed.

The involvement of QGPC-RLP as an outside party to the
Qatargas projects (in addition to QGPC being the major
shareholder) introduced the advantage that the Port facilities and
the supporting infrastructure were implemented without Qatargas
being involved in frequent and detailed contact with the various
Government ministries having jurisdiction over such matters.
Instead these interfaces were implemented among the Port users
and QGPC.

QGPC's RLP contracting strategy was to make the early award of
one very major EPC contract for the civil/marine aspects of the
Port, and to follow this with a series of relatively smaller contracts
for the infrastructure work, which was principally inland of the
original shoreline. Major Contract R-1 was awarded to the
Condotte & Partners Joint Venture (of Italy) in September 1991,
with the basic conditions being lump sum and an overall



completion date of 31st December 1996. The contract included
two important interim milestone completion dates, namely 1st
April 1994 for the Materials Berth and 31st December 1995 for the
LNG Berth No.1. Both these interim dates and the overall
completion date were met allowing equipment installation by
Qatargas/Chiyoda on the structure. The civil engineering
consultants L.G. Mouchel & Partners of U.K. were appointed by
QGPC as Managing Consultants for the Condotte contract.

The other significant contract awarded by RLP was for the civil
construction of the Sea Water Intake Structure in the Harbour,
and the Outfall Channel from the LNG Plant to the Northern coast.
The contract was awarded to QBC-Costain in July 1994, for
completion of the SWI by 30th April 1995 and of the Outfall by
30th September 1995. Both dates were met for the handover to
Qatargas and Chiyoda, enabling equipment installation to
progress.

In summary, the coordination of RLP's work with the necessarily
"follow-on" nature of Qatargas' work was time-consuming and
complex, but the end result was most_successful. The completed
facilities are expected to adequately meet Qatargas' requirements
for the life of the LNG Plant.

7.1.2 Ras Laffan LNG Company Ltd (RasGas)

The Ras Laffan LNG Company Ltd is implementing the second
LNG development at Ras Laffan, with first shipment of LNG
planned some 30 months later than Qatargas. RasGas' Plant
Site is located immediately to the South of the Qatargas Site, and
RasGas' products are to be exported through Ras Laffan Port.

Close contact with RasGas personnel has been maintained since
the start of their FEED work in mid-1994. This was to ensure the
maximum continuity of thought concerning respective scopes of
work and facilities planned by Qatargas, RasGas, and RLP. It was
also to ensure that future construction work by RasGas will not
have any adverse effect on the operational activities of Qatargas.



7.1.3 Qatar Public Telecommunications Corporation (Q-
likl
Q-TEL is the only authorized provider of communications
systems, services and equipment for the State of Qatar. In
addition to operating the usual public services of a modern
country, Q-TEL also acts as sub-contractor for the installation of
private systems needed to support major developments such as
Qatargas. Q-TEL's jurisdiction also covers the allocation and
monitoring of frequencies for radio communications with offshore
oil and gas platforms in Qatari territorial waters.

Regular contact has been maintained with the Q-TEL Frequency
Management Department, as a wide range of differing radio
systems have required both frequency allocation and equipment
importation permissions. These have ranged from the
transhorizon radio system, used to communicate with the offshore
facilities, to simple systems required for telemetry, such as the
slug detection in the production gas pipeline and the ship docking
monitors on LNG Berth No. 1 and Condensate Berth 2B.

An outline specification for the private automatic branch exchange
(PABX) telephone system was produced by Qatargas during the
F.E.E.D. stage. This was submitted to Q-TEL and they proposed,
and subsequently supplied as sub-contractor, a total of five similar
systems, including one installed on the Offshore Platform
Complex. These are equipped with direct-dial-in (DDI) facilities to
minimize the need for manual operator intervention, and to
improve the efficiency of communications for Qatargas personnel.

The other major item supplied by Q-TEL was the Qatargas
dedicated UHF Trunked Mobile Radio System (TMR), which
provides mobile communication across the entire Plant and Port
areas.

7.1.4 Ras Laffan Industrial City (RLIC)

The RLIC organization was established to operate the Ras Laffan
Port after its opening for hydrocarbon-related traffic in mid-1996,
and to administer the onshore infrastructure external to the LNG
Plant boundary. Operation of the Port is being undertaken in
accordance with the Port Rules & Regulations, an important
document to which Qatargas had significant inpi\.



The Upstream and Downstream Port Users Agreements,
executed between Qatargas and QGPC in September 1995,
cover the terms, conditions and charges for the use of the Port.
Provision of ship navigation aids and pilotage, towage and
mooring services are the responsibility of RLIC. Product cargo
handling and construction materials unloading in the Port are the
responsibility of Qatargas.

RLIC also undertakes the environmental supervision of Qatargas'
ongoing construction activities and operational activities, both in
the Port and onshore; this has so far been confined to RLIC
pointing out minor construction practice deviations to Qatargas,
and Qatargas supplying operational data to RLIC (e.g. Camp
effluent water quality).

7.1.6 Qatar Government Ministries

Important contacts with Qatar Government Ministries have been
key to the development of Qatargas. The two Ministries involved
most were Municipal Affairs and Agriculture (MMAA) and
Electricity & Water (MEW).

The MMAA was the approval authority for the route of the
Qatargas temporary access road from Al-Khor to the Plant Site,
and agreement was reached for construction to begin in 1993.
The MEW had plans to extend the national electrical power grid to
Ras Laffan, but the timing was uncertain and so the MEW
approved Qatargas' on-Site power generation scheme, with no
grid-connection facility. Subsequently, Qatargas upgraded its
design to accommodate electrical interconnection with an outside
grid or another industrial plant. Also, the MEW was consulted
when Qatargas was selecting the lining material for the sea water
pipework because the MEW has long experience of warm sea
water utilization in Qatar; MEWs advice was helpful in finalizing
Qatargas1 design.

7.2 Shared Facilities

The remoteness and grass-roots nature of the onshore
development at Ras Laffan has made the costs of providing the
supporting facilities relatively expensive. Accordingly, if the
essential facilities can be shared in some way with other



interested parties, there is the opportunity for cost savings and/or
improved reliability for Qatargas and other party.

There are two principal categories of shared facility, namely
internal and external to Qatargas.

7.2.1 Internal Shared Facilities

Internal shared facilities arise because of the differing corporate
structure and shareholdings in the Upstream and LNG Plant
Projects within Qatargas.

The onshore part of the Upstream Project is a relatively small, but
still important, portion of the facilities constructed at Ras Laffan.
As such, the provision of utilities equipment and other supporting
systems was judged to be inordinately expensive. Provision by
marginal increase in the detailed scopes of work or in the
capacities of the systems already being implemented for the LNG
Plant was therefore economically attractive.

In addition to many other minor interconnections and
arrangements, the principal shared facilities are:

• Provision of utilities including power, fire water and
instrument air, etc.

• Provision of space in Head Office Building, Canteen,
Laboratory, etc.

• Provision of space in spare parts warehouses and storage
• Provision of emergency vehicles, e.g. fire trucks and

ambulance
• Provision of mobile maintenance vehicles, e.g. cranes
• Provision of construction camp accommodation
• Provision of start-up gas for production pipeline initial

pressurization.

7.2.2 Shared Facilities with RasGas

RasGas1 products are to be exported through Ras Laffan Port,
LNG via the dedicated LNG Berth No.2, condensate via
Condensate Berth 2B, and sulphur via the sole Sulphur Berth.
The latter two export facilities in the Port will be permanently
shared with Qatargas, under an external agreement that is being
developed.



In addition, certain of Qatargas1 other facilities have been
identified as suitable or potentially suitable for sharing with
RasGas, either to reduce costs or to enhance the overall reliability
for one or both parties. Two examples are the interconnection of
the ethane and propane refrigerant storage of the two Plants, and
the crossover of the LNG loading lines such that Qatargas' LNG
could be loaded through RasGas' LNG Berth No.2, and vice versa
for RasGas' LNG through Qatargas' LNG Berth No.1.
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