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New offshore technology for a new century. Floating Production Systems and
Offshore loading vessels in the North Sea

The North Sea was opened as a major offshore oil and gas province in the 1970s.
Semi-submersibles dominated the drilling of wildcat and appraisal wells. When a field
was proven commercial, production platforms were built, securely fixed to the ocean
floor with legs of either steel or concrete. On the Norwegian shelf the Condeep

design was introduced in the mid 1970s and was the dominating technology until the
mid 1990s.

The large fall in oil prices in 1986 created a large demand for cheaper technology
that might considerably reduce the investment costs for the development of new
fields. Oilproduction from new fields had to be profitable with prices lower than 15
dollars a barrel. This gave subsea technology the chance it had been waiting for. On
the other hand it threatened the dominating concrete technology. One important
trend in North Sea oil and gas production in the 1990s was the breakthrough in the
use of floating production systems (FPS) instead of fixed structures.

This paper will examine the context in which conservative oil companies decided to
take the big step and invest in new technology. It will sketch some of the major trends



in the development of the technology in the 1990s, and discuss the experience with

these ships until the present.

Adaptation of offshore technology from the Gulf of Mexico to the North Sea

Following the discovery of the giant Groningen gas field in 1959, the international oil
industry turned to the North Sea as an area with very promising geological prospects
for finding large accumulations of hydrocarbons, especially gas. On the British
Continental Shelf several groups began drilling their first offshore exploration wells in
1965, and before the end of the year British Petroleum announced that the company
had made the first gas strike in shallow waters off the southeastern coast of England.
Compared to oil industry averages, the first exploration drilling in the North Sea was
extremely successful, with 6 strikes on the first 21 wildcat wells.

In the autumn of 1962, the American oil company Phillips Petroleum applied for
permission to conduct geological surveys off Norway and was soon followed by other
foreign multinational oil companies. Norway's sovereignty over the Norwegian
Continental shelf was proclaimed on 31 May 1963. The state claimed to own all
natural resources on the continental shelf. The King alone was authorized to award
licenses for exploration and production. Agreements on dividing the North Sea in
accordance with the median line principle were reached by Norway with the UK in
March 1965 and with Denmark in December the same year. Norway's first offshore
licensing round was announced on 13 April 1965, and 22 production licenses
covering a total of 78 blocks were awarded. Esso Exploration drilled the first dry
wildcat well offshore in the summer of 1966."

Norway had no experience whatsoever in oil exploration, and during the first years all
necessary skills and technologies were imported. The multinational oil companies
were the main agents in the transfer of offshore technology. As long as Norwegian
authorities and private firms looked on exploration as a highly risky venture, very little
was done to acquire skills associated with the offshore technology. This changed
after Phillips Petroleum Co. discovered the giant Ekofisk Field in late 1969. The
Ekofisk discovery came to change the course of Norwegian history. The planning,

' Tore Jergen Hanisch and Gunnar Nerheim, Norsk oljehistorie. Fra vantro til
overmot?, Oslo 1992.



construction and installation of permanent production facilities meant that the oil
companies had come to stay for a long time. A considerable income would flow into
government coffers through royalties and taxes. Exploration and production of
petroleum led to the establishment of a new offshore-related industry.

The Ekofisk discovery triggered frenzied exploration drilling in the vicinity of Ekofisk
and on geological structures further north, in areas with considerably deeper waters
and very harsh weather. In the course of a few years a string of giant oil and gas
fields were discovered on both the British and Norwegian continental shelves -
Forties (GB 1970), Frigg (N 1971), Brent (GB 1971), Piper (GB 1973), Ninian (GB
1974), Statfjord (N 1974). The North Sea was the richest target laid before the
international oil industry since the first Middle East discoveries.The oil companies
were in a hurry to develop the fields and get the cash flowing to pay for the huge
investments. The cost of offshore production platforms in the North Sea in the 1970s
equalled or exceeded that of nuclear power plants or oil refineries.

Exploration drilling was conducted by mobile drilling rigs, either jackups or semi-
submersibles. Development drilling and oil production was to be performed from fixed
installations. The oil industry transferred offshore technologies and practices
developed in the Gulf of Mexico to the North Sea fairly mechanically on the
assumption that if the technology worked in the Gulf, it would also work in the North
Sea. Fixed production platforms in U.S. waters consisted of a series of steel frames
joined into a steel jacket. The jacket was skidded onto a special launch barge,
transported to the ocean site and placed on the sea-floor. Derrick barges assisted
during this operation. The supporting structure was then pinned to the sea bottom
soil with piles driven through steel sleeves that were part of the structure. On the top
of the jacket a steel deck was installed followed by topsides, the drilling and
operating facilities. The drilling rig, oil and gas processing equipment, pumps and
compressors, flareboom, landing pad for helicopters, utilities and living quarters for
workers were manufactured onshore and packaged into modules not weighing more
than the available lift barges had the capacity to handle. From 1947 until the mid-
1970s the substructure of virtually all offshore oil platforms consisted of steel jackets.
As construction companies gained experience, they were able to install platforms in
deeper water simply by building larger jackets.



It soon became apparent, however, that there was fundamental differences between
the North Sea and other offshore oil regions. Due to the harsh weather, with gales
and waves almost constantly battering the steel platforms, the structures soon had to
be strengthened. When the giant oilfields were discovered in the North Sea, the oil
industry suddenly found itself with very strong economic motives to improve the
technology for offshore production platforms.

When designing platforms for Gulf of Mexico conditions, the engineers could assume
extended periods of calm for fastening the platform to the seabed and erecting the
topsides. In designing platforms for the giant North Sea reservoirs, which lie under
waters where waves measuring 100 feet from crest to trough are common, major
innovations were needed. In the Gulf of Mexico hurricanes are carefully tracked and
offshore crews are removed before the local conditions become hazardous. This was
impossible in the North Sea, where as many as 300 workers could live on a single
platform with no safe means of departure once a substantial storm developed.
Indeed, high winds and seas are so common that all the platforms in the area had to
be designed with the expectation that their crews ride out the severest storm.

The supporting structure had to secure the topside facilities against the assault of
wind, waves, currents and in some instances seismic disturbances. The main
environmental forces that had to be taken into account were in almost every case
related to wave impact. In establishing the design two wave conditions are critical.
The first is the maximum wave that might come as a single event during the lifetime
of the project. This, the so-called 100-year wave, determines the maximum strength
of the structure. The second condition is the cumulative effect of several million
waves per year whose period happens to match the fundamental oscillations of the
platform itself. Finally the supporting structure must have a secure foundation. In soft
seabottom soils it may be necessary to drive piles more than 500 feet into the sea
floor before adequate support is achieved.

Should the fixed installations of giant North Sea fields with water depths of up to 150
metres make use of traditional technological solutions and improve the supporting
steel structures, or was new technology called for? The frontiers of offshore steel



technology would have to be pushed to the limit. The oil discoveries in the Northern
North Sea confronted the engineers with design problems never tackled before
anywhere in the world. The steel tower which was to support the drilling equipment
and production facilities for the Brent A platform weighed more than 12.000 tons.

Designers, contractors and the oil companies all looked with an open mind towards
new technology. Structures capable of supplementing the steel jackets, which were
becoming very difficult to design and construct, were in great demand. Steel was in
short supply and steel prices were rising.

French and Norwegian engineers familiar with advanced structural concrete
technology suggested that using reinforced concrete for supporting structures would
be a good solution. Concrete lighthouses and military forts had been built in shallow
water. The size of the offshore structures would be on a different scale though, as
well as the water depth and the environmental conditions under which they would
have to be placed and operated. When Phillips Petroleums Co. chose the Doris
design based on reinforced concrete for the Ekofisk storage tank in the spring of
1971, this represented a breakthrough.

The Ekofisk concrete oil storage tank

At Ekofisk oil and gas had to be recovered from 70 meters of water in a hostile
environment, nearly 200 kilometers from shore in the center of the North Sea. The
overriding strategy used by the operator Phillips Petroleum was to develop the field
as fast as possible, in order to generate some of the cash needed to finance the fixed
installations. Within 18 months of the discovery Phillips began producing oil from a
temporary production platform at a rate of 42.000 barrels a day. The oil was loaded
directly into tankers through pipes attached to nearby buoys. The second stage
involved the building and installation of permanent production platforms of the
traditional steel jacket type. Development would be completed when pipelines for the
transport of oil and gas from Ekofisk to the shore were in full operation.

In the meantime a large storage tank that could hold one million barrels of oil would
have to be built. Phillips Petroleum decided to build a concrete tank designed by the



French company Doris. The two experienced Norwegian contracting firms, F. Selmer
and Hoyer-Ellefsen, was to build the tank. They founded the joint-venture Norwegian
Contractors for the purpose. The foundations of the tank were laid in a drydock in
Stavanger in the Fall of 1971. After some progress had been made, the dock was
flooded and the structure towed out to deeper water. Continuous pouring of concrete
was very important, and slipforming was used. When completed it would have a draft
of 60 meters, and it would be towed out from Stavanger to the site at Ekofisk. It was
the first concrete storage tank ever built to hold oil offshore.

The initial purpose of the tank was to provide storage so that oil production could
continue even when bad weather halted tanker loading. According to initial plans the
tank should be completed by the summer of 1972 and be towed out before the
weather window closed. Due to delays and new commercial oil discoveries in the
Ekofisk area, new concepts for using the tank were developed. The capacity of the oil
and gas processing equipment originally designed for the Ekofisk Field could not
handle the quantities required. Phillips engineers decided to use the large area on
top of the tank for processing equipment to handle oil and gas from the satellite
fields. In addition to holding one million barrels of oil, the tank came to serve as the
foundation for the world's largest natural gas processing plant. In June 1973 six
power tugs, with a total capacity of 45.000 hp, towed the Ekofisk tank from Stavanger
to its final location. This operation was considered one of the most difficult ones
during the whole project, but went very smoothly.

The invention of the Condeep

The oil industry followed the building of the Ekofisk tank closely and with great
interest. It was soon followed by the invention, development and diffusion of the
Condeep (Concrete Deepwater Structure). The basic idea was formulated in the
spring of 1971 by the engineer Olav Mo from Hayer-Ellefsen. Instead of using a steel
jacket a concrete caisson consisting of many circular cells could be placed on the
seabed. Three slender towers in reinforced concrete would be continued above sea
level up to a height which the 100-year wave could not reach. On top of the concrete
towers would come a steel deck containing all the equipment needed. To get a
feeling of the feasibility of the basic idea the following experiment was executed:



Seven empty oil barrels were welded together and a tower placed on top. To test the
stability of the structure, water was let into the oil barrels, and it seemed to behave
well both during ballasting and deballasting. Encouraged by the results Hayer-
Ellefsen decided to take development work one step further. The company had
comprehensive expertise in the use of concrete, but lacked the necessary
mechanical know-how to design and develop a full-fledged production platform.
Nowegian Contractors entered into discussions with the Aker-group, by far the most
important shipbuilder in Norway at the time. It was decided to form a joint-venture
between Norwegian Contractors and the Aker Group to further develop and market
the Condeep concept.

In the summer of 1972 BP awarded the Condeep Group a development contract to
design a Condeep gravity platform to be placed on the Forties Field. BP engineers
and consultants concluded that the Norwegian design was technologically advanced
and represented a viable solution for a concrete platform on the Forties Field, but in
the end BP chose to use a traditional steel jacket.

Building the firs

In early 1973 the Condeep Group tendered for contracts with Mobil, for a production
platform on the Beryl Field, and with Shell for the second platform on the Brent Field,
both in the British sector. The fields lay in very deep water, and the Condeep Group
hoped that this would weigh in favour of concrete. In July 1973 Mobil North Sea
ordered the first Condeep for Beryl A. This was followed by a new order four weeks
later from Shell to build the Brent B. The contractor promised to deliver the platforms
in a time span of 25 months.

The Condeep structure is an offshore concrete drilling and production platform which
rests on the seafloor and maintains stability because of its weight, rather than being
attached to the seafloor by piles. It is also stable in the floating condition at all times;
during fabrication, towing and submerged. The lower section of the first Condeeps
consisted of 19 circular cells in a honeycomb configuration, with a diameter of 20
meter and a height of 50 meters, which came to rest on the seafloor when the
structure was submerged. These cells acted as the main bouyancy tanks during



towage, but once placed at the offshore site, they were the foundation of the
structure and also provided oil storage.

The lower part of the concrete structure was built in a drydock. In the case of Beryl A
the work got underway in October 1973, and for Brent B the following month. The
bottom sections were finished in the course of six months. When the lower part could
be made buoyant, the dock was flooded and the partially completed structure was
towed to a deep water site in the fijord and moored. Construction then continued
using the slipforming process to build the cell walls. This was a major operation since
continuous operation was a must.

Erection of slipforms for the last step, the extension of three of the storage cells
above water level to form conical towers or shafts, that would support the deck and
the topsides, was done shortly after the completion of the different domes. The deck
section was to contain the drilling equipment, production and process equipment, as
well as the living quarters and heliport for the platform. By December 1974 the shafts
had been completed on Beryl A, and by February 1975 the same was true of Brent B.

The two first Condeeps would be able to carry a load of up to 14.000 tons during tow-
out. The accepted way of building topsides had been to prefabricate supporting deck
sections and prepackaged modules with maximum weights in the range of 1,500 and
2,000 tons, adjusted to the capacity of available offshore cranes. In the case of the
new gravity platforms the complete supporting deck could be floated over the totally
submerged substructure, eliminating cranes and maximum weight limitations. When
the deck had been mated with the substructure, the latter could be deballasted and
conventional modules could be lifted on inshore.

The steeldeck for Beryl A was produced at a yard in southern Norway and towed
along the coast from Arendal to Stavanger in April 1975. The mating of deck and
substructure was without doubt the most hazardous operation during the whole
construction process. On May 30th 1975 the concrete structure had been ballasted
down 120 meters, with only 6 meters of the shafts remaining above sea level. The
deck was then slowly towed into position over the shafts. On June 10th the deck was



moved in the exact position. The concrete structure was deballasted, and the deck
was lifted off the barges.

In the following days and weeks the installation work continued until the Condeep
was ready for tow-out. The largest maritime towing operation ever undertaken started
on the 4™ of July 1975. Four tugs, combining 70.000 hp, went into action, towing the
350.000 ton giant of concrete and steel out to the field, a distance of approximately
200 miles. On the 8" of July, less than two years after Mobil signed the contract with
the Condeep Group, it arrived on location.

The successful completion of the project was hailed as one of the major engineering
achievements in the history of the offshore industry. At the Offshore Technology
Conference in Houston in May 1975 the Condeep design was awarded a prestigeous
prize for pathbreaking innovations in the design of offshore production platforms. It
was certainly a milestone in the history of Norwegian technology. The oil companies
were impressed that both Norwegian Contractors and the Aker Group managed to
fulfill the contract within the time limit, in spite of the fact that the project grew
immensely in size from the original plans. Processing capacity was extended from
200,000 to 300,000 barrels a day. Total costs for Beryl A grew from 330 million
kroner to 1 billion kroner.

Between July 1973 and March 1975 12 concrete gravity platforms were ordered for
fields in the North Sea. All were in the water depth range of 100 - 150 meter. Four
different designs were used - Doris, Condeep, Sea Tank and Andoc. It was the
Condeep that dominated the market for concrete gravity platforms in the North Sea in
the 1970s.

Concrete gravity platforms installed in the North Sea in the 1970s

Platform _Design Contractor Ordered _Installed
Ekofisk-tank Doris NC May 1971 June 1973
Beryl A Condeep NC July 1973 July 1975
Brent B Condeeep NC Aug. 1973 Aug. 1975
Frigg CDP1 Doris NC Nov. 1973 Sept. 1975
Brent C Sea Tank  McAlpine Des. 1973 1978
Frigg TP1 SeaTank McAlpine Jan. 1974 Aug. 1976



Dunlin A Andoc Andoc May 1974 June 1977

Cormorant A SeaTank McAlpine May 1974 1978
Brent D Condeep NC June 1974 July 1976
Frigg TCP2 Condeep NC July 1974 June 1977
Statfjord A Condeep NC Aug. 1974 May 1977
Ninian Cent. Doris Howard Doris Nov. 1974 1978
Frigg MP2 Doris Doris Skanska March 1975 Aug. 1976
Statfjord B Condeep NC Febr. 1978 1981

The concrete gravity base structure initiated by the Beryl-development and followed
by structures in the Brent, Frigg and Statfjord fields was pioneered in Norway. Its
primary aim was to minimize the amount of offshore work preparatory to becoming
operational. Varying degrees of success were experienced in trying to optimize
weight, size, cost and schedule so that, ideally, a fully outfitted drilling-production-
storage platform could be transported and installed at the field site.

Pictures of huge Condeeps being towed out from the Norwegian coast to their
respective locations by power tugs, were on the front pages and TV-screens not only
in Norway and Britain, but worldwide. Concrete gravity platforms became the
symbols of oil exploration in the North Sea. Engineers who were originally skeptical
of concrete gravity platforms, by the end of the decade had to concede that the
design and technology had proven its value under North Sea conditions. On the other
hand the same decade also witnessed an impressive evolution of steel-framed, pile
supported jackets for water depths up to 300 meter. After the first rush to sign orders
for concrete platforms, there was a prolonged period when no new orders
materialized. A pattern emerged where operators on the British shelf ordered steel
jackets, while oil companies on the Norwegian shelf stayed with the Condeeps.

Early experiences with floating production

In the mid 1970s, when Condeeps made the headlines in the media, the first floating
production system went on stream in the British sector. Actually the first oil on the
British shelf was produced from a floating production platform on the Argyli field in
1975. The small Canadian oil company Hamiton and its partners discovered oil on
the Argyll field in 1971. The discovery was marginal and the geology complex. If it
should be viable to develop the field, an innovative approach was needed. The



traditional solution of using a fixed structure was considered as well as using a jackup
rig. The cheapest solution was to convert a semisubmersible drilling rig for floating
production, but that implied a much greater risk technologically. Hamilton ended up
with deciding in favour of converting the semisubmersible "Transworld 58" for the
purpose. This minimized the original capital investment to 68 million USD and
allowed the field to get into production much earlier than would have been the case
using a conventional platform. The processing facilities were designed for up to
70.000 b/d. The setup also included subsea well completions and offshore loading
into tankers. In rough weather the platform could be disconnected from the rigid
production risers and reconnected later. Flexible risers were unknown at that time. In
1975 installation of subsea facilities was very diver intensive; 70 divers spent some
35.000 manhours connecting the lines and valves to bring Argyll into production. The
Argyll setup was low cost, but it worked. Originally it was the plan that the floating
production system should be used to bring an early return to investors and provide a
better understanding of the reservoir, to be followed by fixed installations later. The
chosen solution performed so well, however, that it never became necessary to make
that kind of investments.?

Since then FPS’s have been widely used for oil production in regions such as Brazil,
West Africa, northwestern Australia and southeast Asia. Tthere was a reluctance to
use them in the North Sea, however, until the end of the 1980s. Most early FPSs
consisted of converted semi-submersible drilling rigs. Argyll had offshore tanker
loading. BPs Buchan field and Sun Oil's Balmoral field in the North Sea, which came
on stream in 1981 and 1986, also used converted semi-submersibles for floating
production, but oil was exported to shore via the Forties pipeline system. The first
floating solution on the Norwegian side was installed at Veslefrikk. The field came on
stream in 1989, using a fixed wellhead platform and a semi-submersible for
processing and quarters. The oil was fed into the Oseberg pipeline nearby, while the
gas was pumped into the Statpipe line, for transport to Germany and the Continent.

In the late 1980s the oil industry had to cope with low oil prices. Exploration and
production companies were rationalizing their portfolios and reducing staff counts. In

? *Floating production history begins with Hamilton's Argyll®, Offshore, May 1994, 60



this environment engineers and top managers became much more interested in
floating production systems than they had been some years earlier. During the last
decade offshore oil production have progressed, for economic reasons, from fixed
structures, which resist the environment through rigidity, to floating structures; tension
leg platforms, FPS units; floating production storage and offloading systems (FPSO).
The early deepwater developments in the Gulf of Mexico with floating production
systems and tension leg well platforms were technical successes, but commercially
disappointing, due to poorer than expected reservoir performance.

The development of subsea wellheads, swivel, and multiport control technologies, in
addition to the wide availability of inexpensive tanker hulls for conversion, greatly
stimulated the will to invest in floating production, storage and offloading (FPSO)
systems. In 1993 36 such systems were installed worldwide and another 12 were in
some stage of planning or construction. Seven of the 36 systems installed were
newbuilds, the rest were converted tankers.? The first FPSO was installed on Shell's
Castellon Field off Spain in 1977. Very few systems were installed the next 8 years
because of high oil prices and the availability of large fields. In these cases numerous
wells were required to deplete the reservoir, and this made steel and concrete
platforms the most likely development choice. In the last half of the 1980s and early
1990s, the number of FPSOs rose rapidly. Discoveries declined in size and operators
were forced to drill farther from existing pipeline infrastructure.

The use of FPSOs also increased because new technologies became available. 1.
Seabed separation of the wellstream, metering and multiphase production. 2
Multiphase path swivels. 3. Multiport connectors for quick disconnect/reconnect. 4.
Quick recovery systems for released turrets. 5 Modular production and injection
packages for converted tankers.

FPSO units feature two major advantages over fixed structures that are especially
important for the development of smaller fields. The operator can expect a
considerable reduction in development time. Contract to installation time periods of

- 62.
*"FPSOs altering development economics of marginal and remote fields”, Offshore,

May 1993, p. 52, 55 and 78.
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less than 10 months had been recorded for applications using converted crude oil
tankers, but the average was 12 - 16 months. Newbuilt tankers required an
additional six to nine months.

FPSO technology made it possible to handle heavy payloads without sacrificing
stability, and to add equipment incrementally as production and reservoir needs
changed. Traditionally FPSOs could only handle rates up to 30.000 b/day.

With the introduction of stacked swivels they were able to handle production from as
many as 20 wells at levels up to 100.000 b/d. The system built for the Griffin field
offshore Australia was built to handle up to 100,000 b/d from 15 wells. Experience
showed that FPSOs had very low downtime due to bad weather.

The pioneer to demonstrate this in the North Sea was the Norwegian offshore
contractor Golar-Nor, founded in Trondheim in 1974. In 1983 Golar-Nor decided to
take the considerable risk of building a floating production ship, "Petrojarl”. It was
envisaged that the vessel would be used for well testing, but it soon found regular
employment in field production. In the North Sea, it was the first time a shipping hull
was used for floating production. Swivel technology and flexible risers were also
introduced for the first time. In late 1985 "Petrojarl” entered into a contract with Norsk
Hydro for extended well testing on the Oseberg field, followed by similar tasks for
Conoco on Lyell and Shell at Fulmar. Esso Exploration used "Petrojarl” over long
time periods for extended well testing and production on the geologically complex
Balder field. Then came the first long term contract for production from a marginal
field. In the course of 18 months "Petrojarl” produced recoverable oil reserves from
the Angus field, followed by early production during 18 months on the Hudson field.
In both cases Amerada Hess was operator.' In March 1995 "Petrojarl” began on a 3
— 6 year contract with Arco, producing oil from the Blenheim field on the British shelf.
The ship was adapted to handle eight flexible risers and a daily production of 30.000
b/d.

Until the early 1990s, FPSOs had mainly been used in milder weather locations. If
double hulls were required for FPSOs, that would lead to a large increase in

* Awilco ASA. Annual report 1996, p. 47.
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newbuildings specially designed for the purpose. For most applications around the
world, it was less costly to provide larger anchors and mooring lines for a 100-year
storm than to provide the systems required for disconnection and abandonment.
Most of the early FPSOs were installed in shallow water depths. The motion of the
riser and connection buoy and the mooring system was sensitive to depth. The
mooring problems were not unlike those for mobile drilling units.

Breakthrough in the North Sea

Floating production systems got their breakthrough in the North Sea in the mid
1990s. One important factor leading to this boom was the development of swivel
technology. Swivels allow the vessels unrestricted rotation and thus opens up the
possibility of using conventional hull designs. An FPSO may be a converted tanker,
or a purpose built, ship-shaped hull, fitted with processing equipment and connected
by flexible risers to wells on the seabed. The processing equipment is located on a
raised deck and oil is stored in compartments within the hull. Associated gas may be
flared, re-injected into the reservoir, or exported by pipeline. The FPSO turret, swivel
and mooring system is a critical aspect of design. The mooring system must allow the
vessel to rotate while it is connected by flexible risers and umbilicals to the subsea
equipment. Large diameter turrets came to be a widely used option in the North Sea.®

Ship-shaped hulls tended to roll and pitch more than semi-submersibles, and they
were more dependent on the direction of the weather. While a semi-submersible is
moored in a fixed position by catenary mooring lines, it became normal for ship-
shaped FPSOs to weathervane. By weathervaning, the vessel can orientate itself to
suit prevailing weather conditions. Most FPSOs have thrusters and dynamic
positioning equipment. The well products are conveyed to the turret from the wells on
the seabed by flexible risers. A design consideration is whether the turret should
allow limited or full 360 degree rotation.

* "Boom time for FPSOs on the North Sea”, Petroleum Economist, september 1996,
53 - 58.
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Floating production west of Shetland — the case of Foinaven

Kerr-McGee's Gryphon field, which came on stream in 1993, can be said to mark the
start of the North Sea boom in the use of FPSO vessels for field development. At this
time a new oil province was opened up in the UK, in the deep waters west of
Shetland.

The Foinaven field, operated by BP, with Shell UK Exploration and Production as co-
venturer, lies some 190 km west of the Shetland Islands. The discovery was made in
1992, and recoverable reserves were estimated to be between 250 and 500 million
barrels of oil. The environmental conditions in the area were very challenging. While
wind and wave conditions are similar to those experienced in the northern North Sea,
the currents are significantly more severe and complex. The currents extended
almost down to the seabed because of the interaction between the warm Gulfstream
and the cold Arctic Stream. This made underwater working very difficult.

The field was located in water depths between 400 and 600 metres. That presented
a formidable technical challenge as it was too deep for divers and development had
to rely heavily on subsea technology, remotely operated vehicles and diverless
technology. To produce early oil at low cost it was decided on using subsea wells
completed on the seabed. Oil would be produced via a manifold, with rigid flowlines
on the seabed, but with flexible risers from the seabed to the floating production,
storage and offloading ship. The FPSO would be permanently stationed on the field,
and shuttle tankers would take care of the export of the crude oil.

The target for first oil from Foinaven was February 1996, which was less than 3,5
years after discovery, compared with an average of nine years between discovery
and first oil using traditional methods. To bring into production the Foinaven oilfield in
such a short time, a radical change in thinking was required from BP as operator. The
outcome of that thinking was a package of production systems, an experiment in
organizing relations between oil the operator and its contractors, a concept in risk
management and a financing package that were all new. The design and operation of
the production facilities was being undertaken by a consortium led by McDermott
Marine Construction, UK and Golar-Nor Offshore of Norway. McDermotts main
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responsibility was installation of subsea facilities and commisioning of the process
topsides for the FSPO unit. Golar Nor was responsible for the design and
construction of the FSPO system and the operation of the vessel.®

The vessel chosen for the field was "Petrojarl IV", formerly a heavy lift vessel built in
Finland in 1989. It was designed originally as a mobile submarine maintenance and
servicing vessel for the navy in the former Soviet Union. The vessel had to undergo
extensive rebuilding in order to adapt to the high production capacity that was
required by the contract, and not least to achieve the operating stability which was
necessary under the climatic conditions at Foinaven. The ship was rebuilt at a

" Spanish yard. The main feature of the FSPO was a 1200 ton turret installed in the
mid-section of the ship. The storage tanks on board would have a storage capacity of
310.000 barrels. The length of the new FSPO was 241 metres and with a
displacement of 72.000 tons. Production capacity would be 95.000 b/d. The
estimated cost of rebuilding the Petrojarl IV for the purpose was 360 million dollars.

However, a strike at the Spanish yard led to delays. "Petrojarl Foinaven” did not leave
the yard in Spain until late October 1996 and was securely moored on the field on
November 28, followed by the installation of flexible risers. During the winter the ship
experienced a number of gales with strong waves, and the ship performed well.
"Petroljarl Foinaven” was delivered 25 months after the necessary formal decisions
were made. The final cost of the ship was almost 500 million USD.” Included in that
price was an extension of production capacity from 95.000 b/d to 140.000 b/d.
Because of technical problems unrelated to the vessel, it took 12 months from the
ship arrived on the field until the oil from Foinaven finally began to flow on November
26, 1997. During the first months the oil production was below 50.000 b/d on
average, much lower than planned.®

The replacement of concrete giants on the Norwegian shelf by floating production
ships

® "Fast-track Foinaven sets new standards”, Petroleum Economist, June 1995, p. 85
— 86.
" Awilco ASA. Annual report 1996.
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Oil companies active on the Norwegian shelf, Norwegian companies or daughers of
foreign multinational oil companies, made huge investments in giant concrete
production platforms longer than anywhere else. An analysis of why this
technological trajectory managed to hold sway for so long, is certainly very interesting
to try to explain. There was technological and geologic reasons for staying with
concrete. Large reservoirs had to be depleted in deep waters, but national industrial
policies certainly also played a strong role.

A series of big oil and gas discoveries were made in the early 1980s, at Troll,
Draugen, Snorre, Heidrun to name the most important. Norwegian Contractors
delivered 11 Condeeps from the first in 1975 and to the end of the 1980s. In 1990 the
company signed contracts for a new batch of very huge Condeeps. It was to build the
Draugen-platform for Shell, with a water depth of 251 metres. Shell, the operator for
the development of the Troll field, the largest gas field in the North Sea, had given
Norwegian Contractors the order for building the world's largest concrete platform to
be placed in a water depth of 303 metres. Conoco, operator for the development of
the Heidrun-field, had decided to build a tension leg platform to be placed on 350
metres. The bottom hull was to be built in concrete. The new projects had a total
value of 10 billion kroner. In late 1992 Norwegian Contractors had more than 2500
people on the payroll. By that time however, it was evident to most knowledgeable
observers that concrete solutions would become a sign of the past.®

Norwegian Contractors completed the building projects successfully, but the
company got no new orders, in spite of political help from many quarters. The belief
that floating production ships represented the future on the environmentally harsh
Norwegian shelf had got a strong hold of the minds of oil engineers and top
executives. In 1995 the board of Norwegian Contractors decided to dismantle the
company. At that time the first contracts for FPSOs on the Norwegian shelf had
already been signed.

Statoil chooses FPSOs on Norne and Asgard in the Norwegian Sea

* Annual Report 1997. Awilco, p. 12.
5 "Utfordringer i 0lja", Stavanger Aftenblad, 18. september 1992,
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The Norne field lies in 380 metres of water in the Norwegian Sea, about 80 km north
of Heidrun and roughly 200 km from the Norwegian coast. Oil and gas was
discovered in 1991. Recoverable oil reserves were calculated to be 466 million
barrels of oil. The Norne-project was regarded as a very interesting project because
of the deep water and the extreme northern location. In 1993 it was decided to
develop the field with a FPSO tied to subsea templates. This was considered a very
bold decision at the time. An FSPO provided a very economic production solution,
because it eliminated the need for a support structure and export pipelines. It could
be re-used and involved small abandonment costs. A significant drawback, however,
was that wellhead equipment was located on the seabed, making it difficult to access
for workover operations which would otherwise be carried out from a platform.

Flexible risers were to carry the wellstreams to the vessel, which would weathervane
360 degrees around a cylindrical turret moored to the seabed. Statoil had some
experience with flexible risers at Veslefrikk, but not at a depth of 380 metres and with
a wellstream at such high pressures.’® The processing facilities would be installed on
the deck, and the ship would also have storage for intermediate storage of oil.
Processed crude would be transferred over the stern to shuttle tankers. Norne
needed an export outlet for associated gas, and a gas pipeline was later tied into the
Asgard gas transport system.

A Tentech 8508 hull design was chosen for the Norne ship, and a building contract
was signed with the Far East Livingston Shipyard in Singapore. The hull was to be
delivered in August 1996 and expected to arrive at Stord Verft in western Norway
approximately two months later. The installation of topsides etc. was expected to take
five months. The FPSO was designed for a production capacity of 173.000 b/d of oil
and 238 million cf/d of gas, and built to last for 25 years or more.

Installation of subsea equipment and mooring systems on the Norne field was
progressing according to plan in the spring and summer of 1996 followed by the
drilling of production wells from the semisubmersible "Vildkat Explorer” during the fall
and winter. Standardized subsea equipment was supplied by Kongsberg Offshore.

" Statoil Magasin, nr. 3, 1997, 5. 4 - 10.
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Five subsea templates with four well slots in each, were installed on the seabed with
potential for connecting further single well satellites. To tap the reservoir 17 wells
were drilled, including wells for gas and water injection.

The Norne-ship arrived at Stord Verft in mid-October. Modules and the 5000 ton
turret were lifted on board. "Norne" was expected to leave the yard in April 1997, and
production to begin in July."" In January 1997 it was evident that there would be
delays and cost overruns due to work below specifications from the Singapore yard.
But Statoil as operator would still be able to be significantly below the official cost
estimates of a grand total of 9,8 billion kroner given in the official application to the
authorities in 1994. Total cost in early 1997 was expected to end at around 7,5 billion
kroner. Production from the Norne field would still bed very profitable, even with oil
prices as low as 6 dollar a barrel.* The field would be served by an organization
counting ony 100 people, onshore and offshore.

The Asgard field is located 200 km offshore Norway

Oil exploration on Haltenbanken in the Norwegian Sea, with water depths of 240 —
300 metres, began in the early 1980s. Discoveries were made at Midgard in 1981, at
Smerbukk in 1984 and and at Smerbukk South in 1985. There was no infrastructure
including pipelines in the Norwegian Sea. The first field north of latitude 62 degrees N
was Draugen, which came on stream in 1993. The geological oil and gas structures
on the three fields were very complicated. Oil prices were low in the late 1980 and
the use of existing technology made the fields unprofitable to develop. The fields
came to lay fallow until 1995, but in the meantime some appraisal wells were drilled
to get a better understanding of the producing qualities of the very complex
reservoirs. In early 1995 the owners of the three fields signed an unitization

¥ Statoil Magasin, nr. 4, 1996, s, 50,
" *Nome blir dyrere og forsinket”, Stavanger Aftenblad, 31. januar 1997.
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aggreement for joint ownership and development of the reserves with Statoil as
operator.™

A combined development of Asgard, which became the new name for this
development project, had the attraction of large reserves; the three structures hold a
total of 830 million barrels of oil and condensate and 212 billion cubicmetres of sales
gas. Plateau production rates would be 200.000 b/d of oil and 12 billion cm/y of gas.
The development, however, would be expensive, because two production
installations would be needed and because a gas landing system would have to be
constructed. Statoil considered using gravity-base platforms, but the water depth was
on the economic limit for fixed installations. However, seeking an earlier start-up date
than could be achieved with gravity base structures, the company opted for a high-
tech subsea development with two floating structures. In the summer of 1995 the joint
operating committee decided to use an oil production ship, the Asgard A, and the
Asgard B floating gas platform. There would also be a permanent storage tanker on
the field, the Asgard C.

The subsea part of the project was at that time the most extensive of any single
development world wide, with 58 wells to be drilled through 17 seabed templates.
The Smerbukk field, a long narrow structure of six different reservoirs, with low
porosity and extremely low permeability — would need 22 producing wells and 13
injector wells, while Smerbukk South would need 8 producing wells and 3 injector
wells. Midgard would need 12 producing wells. Adding to the difficulties, the
reservoirs are high pressure, high-temperature structures (153 degrees C). The gas
contains significant amounts of carbon dioxide and hydrogen sulphide - impurities
which necessitated the use of high chromium steel for many of the 380 km of
flowlines.

Four of the wells exceeded 6000 metres. One well was 6.920 metres, the longest
well drilled from a floating rig in Norwegian waters. At the time it was also the longest
designer well in the world. Designer wells are the term used on the new technology to

' Shares owned by the different owners on the Asgard ficld: Statoil 60,50 percent (inclusive SDEI) 46,95
percent), Agip 7,90 per cent, Total 7,65 per cent, Neste Petroleum 7,00 percent, Saga Petroleum 7,00 percent,
Mobil 6,13 percent, Norsk Hydro 2,60 percent, Deminex 1,20 percent.
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drill wells which are steered through all three planes to tap high-productivity parts of
the reservoir. The record well descended 400 metres vertically, then deviateed, then
made a turn to become horizontal. The well was completed in 70 days, 15 days faster
than expected.'*

The decision to go for a production ship in 1995 was a bold one, because the
technology for such vessels were still at an early stage of development and the
Asgard facility would have to be very large.There were delays in the construction of
the vessel, both during the building of the hull at the Hitachi shipyard in Japan, and
during the fitting out period at Aker Stord. The field was due to come on stream in the
fall of 1998, but oil production was delayed until the summer of 1999,

The Asgard production ship used the established configuration of a seabed moored
turret in the forward part of the ship, around which the vessel was free to
weathervane in response to wind, waves and currents. Wellstreams was transferred
through a swivel at the top of the turret to separators, where gas and water were
separated. Gas not needed for injection, would from October 2000 be transferred to
the gas platform.

The Asgard ship has a length of 278 metres with a width of 45 metres and a depth of
27 metres. The number of berths onboard are 116, and of these 35 were needed for
the crew operating the vessel. Processing capacity was 201.000 b/d, injection
capacity 21 million cm/d. Storage capacity was 912.000 barrels with an additional
850.000 barrels for condensate on Asgard C.

More than three years of construction work — and an investment of nearly $5bn —
finally began to produce results for Statoil and its partners in 1999. Surface
installations, subsea facilities and wells all established new records for size and
complexity. Hence the eventual 38 billion kroner bill, making the Asgard project as
costly as Troll.

" Norway's Asgard development approaches start-up”, Petroleum Economist, April 1999, p, 3 ~ 4.
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ome prelimin onclusion FPSOs in the North Sea

Itis 25 years since the concept of floating production, storage and offloading vessels
was introduced. Now, more than 70 of these vessels are operating around the world.
They are a proven, and effective alternative to fixed production platforms in the
development of marginal and remote fields. Half of these vessels are newbuilds, and
half are conversions of tankers and other types of ships. The use and technical
capabilities of these vessels has developed dramatically. As technology has
advanced, a concept that was developed for relatively low production levels in benign
environments, has been adapted for use in fields where high production and harsh
conditions are to be expected.

FPSO contracting strategies have not always developed at the same speed or with
that same level of sophistication as the technology. To achieve production targets,
operators and designers have accelerated field development. As a consequence,
there has been overwhelming pressure for FPSO development times to be reduced
and for fasttrack projects to be the norm. As a result several FPSO projects have
been haunted by cost overruns, schedule delays, and consequently, contractual
wrangles and legal disputes. Many of these disputes have been caused by topsides
design changes, introduced after contract award.

In the mid-1990s the UK government took an initiative on the British contintal shelf for
“cost reduction in the new era” (Crine) and the Norwegian government introduced the
"Norsok-program” for offshore development on the Norwegian side. Both initiatives
had cost reductions and shortening of lead time from petroleum discovery to
production as their main aims. In both countries accelerated field development was
built in as a central part of the planning process of new projects, Experience showed
that it was hard to achieve the planned cost reductions. This was certainly the case
for many of the FPSO-projects. In the case of the Foinaven field west of Shetland
production began 18 months later than planned. On the Norwegian shelf there was
delays in the start-up on the Asgard field, but much more severe was the large cost
overruns. The oil minister sacked the board of the wholly owned state oil company
Statoil because of that. Norne can be booked as a success: But FPSO-projects like
Balder, with Esso Exploration as operator, and Varg, with Saga Petroleum as
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operator, were also disasters both concerning delays and cost overruns. Esso bought
the Balder-ship from the offshore contractor Smedvig for 295 million USD in 1996,
and according to plan production would begin in early 1997 at the latest. But
production did not commence until 1999. Contractor and operator soon began to
quarrel about who was most responsible for which cost overruns. It ended with
Smedvig sueing Esso Exploration for break of contract and Esso Exploration
countersued Smedvig. The two parties have been presenting evidence to back up
their positions in the court now for more than a year, and the two parties and the
public is now awaiting the final verdict.

In spite of unfulfilled expectations concerning profitability for many of the FPSO
projects in the North Seaa in the late 1990s, the operational experience have been at
least as good as expected. Through learning by doing contractors and operators will
improve the economic performance of the floating production vessels. Their
importance will increase in the North Sea as well as all over the rest of the world.
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