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Preface

This report is sponsored by OLF's FPSO network. The primary objective of the network is to
gather and transfer lessons learned on Norwegian FPSOs, so that future projects can benefit
from the experience gained from earlier projects.

In the period from 1986 to 1999, six FPSOs started operation in the Norwegian sector of the
North Sea ( Petrojarll, Varg, Norne, Balder, Jotun and Asgard). In 2002, a survey was
initiated by OLF to assess and record the key project lessons learned on 5 of these projects
and this data became the basis for a web accessible database, which has received wide usage
throughout the industry. However, most of the lessons learned relate to the project and early
start-up phases. The purpose of this survey is to assess the Operating lessons learned over the
last 10 years and the extent to which decisions made in the design phase have influenced the
overall success of the project.

The conclusions, though not comprehensive, can be useful input to the development of future
FPSO designs and projects, particularly when used in conjunction with the existing FPSO
lessons database. In due course, the lessons recorded here will also be added to the OLF
FPSO database.

This report has been prepared with the assistance of members of the OLF FPSO Network who
have both participated in the interviews and reviewed the information recorded here. It is
intended in the report that specific FPSOs are not identified and so for this reason, Supplier
and Company names have also been omitted .

The report is the property of the Norwegian Oil Industry Association (OLF).

The Norwegian Oil Industry Association (OLF)
Vassbotnen 1, Sandnes

P.O. Box 8065

4068 Stavanger, Norway

Tel.: +47 51 84 65 00

Fax: +47 51 84 6501

Web site: www.olf.no

E-mail: firmapost@olf.no

Report Prepared by: David Llewelyn. FPSO and ST Workgroup Facilitator, OLF
Approved for issue by: Per Otto Selnes. Manager Operations, OLF
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1. Introduction

1.1  Background

The OLF FPSO Network was set up in 2001 under the combined sponsorship of the OLF
Operations Committee and the PSA to ensure lessons learned in FPSO projects were
transferred to new projects. To deliver this objective, the Network has initiated a number of
surveys to gather lessons learned on the Norwegian FPSO projects. These included a survey
of 5 FPSOs (Balder, Jotun, Norne, Asgard and Varg) in 2002, and Shuttle Tanker - FPSO
interface survey 2003, inclusion of Alvheim project data 2008 and a follow-up review of the
Shuttle tanker survey in 2009. See references below.

On completion of each survey, summary lessons were entered into the OLF FPSO Lessons
Learned database which is accessible on http:/fpso.olf.no/lesson/ . In all over 270 lessons
have been recorded. However only 16% of the lessons reported relate to experience in the
operating phase and the majority of these report offloading issues. Given that the 6 FPSOs
are now over 10 years old, it should be expected that new problems, relating for example to
high water cuts, corrosion and fatigue will begin emerging.

The OLF FPSO Network therefore initiated a proposal to undertake a 10 year Operability
survey into 6 FPSOs - Petrojarll, Varg, Norne, Balder, Jotun and Asgard. It was agreed that
the report would not identify individual FPSOs or suppliers, therefore in subsequent tables
and reports the FPSOs are identified by number only. The conclusions were presented to the
FPSO network on 9.11.2010 and comments adopted. The report was completed in Jan 2011.

1.2 Survey Objective

The main objective of the survey is to assess the performance of the Norwegian FPSO fleet
over the last 10 years and to record both operational concerns and capture best practices. The
intention is that the results will be used to influence new designs, promote experience sharing
and ultimately to assist in the further development of “best practice” solutions.

The data recorded in this report will be included under appropriate project phase headings in
the FPSO Lessons Learned database. For example, where an issue could have been resolved
by an improved design or construction practice it will be entered in the Design or
Construction sections of the database, where it relates to Operational practices it will be
entered in the Operations section.
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Typical issues of interest are:
* The problem of corrosion and how this has been managed

Cost effectiveness of Norsok standards regarding material selection
Meeting Integrity requirements

Mechanical handling

Process systems and power generation

Marine systems -turret, hull and accommodation

Modifications and upgrades

Factors that dominate Opex

The survey also asked FPSO Operators what design features do they wish had been different
and why. And finally Operators were asked to list surprises that they had not expected when

the project was initiated.

1.3 Definitions

AoC Acknowledgement of Compliance

Bopd Barrels of Oil per day

CCR Central Control Room

CRO Control room Operators

FPSO Floating Producing Storage and Offloading Vessel
FSU Floating Storage Units

HVAC Heating Ventilation and Air Conditioning
LP/HP Low pressure/ High Pressure

OIM Offshore Installation Manager

PDO Plan for Development and Operation

PO Personnel on Board

PSA Petroleum Safety Authority (PTil - Norwegian)
QC Quality Control

ROV Remote Operating vehicles (underwater)

SBV Standby Vessel

ST Shuttle Tanker

WHP Wellhead platform
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1.4 References

The following documents are relevant to the survey and may be referred to in the discussion
section below:

Ref 1. A summary Report on FPSO Lessons Learned, gathered from 5 Norwegian FPSOs -
May 2002 — Published by OLF

Ref 2. A summary Report on FPSO — Shuttle tanker interface.
Lessons Learned, gathered from 4 shuttle tanker operators and 2 Norwegian FPSO/FSUs
operators. April 2004 — Published by OLF.

Ref 3. A Report on the FPSO — Shuttle tanker interface.
A follow-up review of Lessons reported in 2003 with two major North Sea Shuttle Tanker
Operators. October 2008 — Published by OLF

1.5 Interview process

Interviews were arranged, half a day per FPSO with an interview team of three, consisting of
one oil company participant, one DNV participant and a recorder from OLF. Representing
the FPSO were typically the Operations manager, a maintenance superintendent and often an
OIM.

A typical agenda was as follows:

- Why are we doing this and what is in this for you?
- Overview of FPSO operations last 10 years - key issues including
HSE and production planed vs actual
- Open discussion on the following topics
& Marine, turret and hull
& Utilities and power generation
& Mechanical handling successes and failures
& Process systems
& Offloading
& Managing corrosion
& Modifications and upgrades
& Other issues inc. Opex drivers
- What design features do you wish had been different and why?
- Review of summary chart
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2. Discussion of results

Performance assessment and value delivery

An FPSO is utilised to produce, store and offload hydrocarbons, safely, with minimal
environmental damage, at a cost which meets economic criteria set for the project. If these
primary requirements are achieved the project will deliver the value anticipated by the
investors. The assessment here will consider the extent to which the performance expectations
originally set out for the project have been achieved.

It is worthy of note here that in the project phase, four of the five FPSOs built in the 90°s
significantly over-ran project budgets and schedules - Ref 1 (ie greater that 30% over
expenditure and more that 6 months behind schedule). However the operators claimed that
the final quality was higher than the original specification and design improvements were
implemented. This report will also address this issue.

The results of the survey are presented under a number of Topic headings. Details of
individual responses on each topic, by FPSO are shown in Table 3.1. Further in Table 3.2 an
assessment has been made to rank each topic against original performance expectations (eg to
fully meet hydrocarbon production, no HSE incidents etc) and where appropriate, delivery of
additional value. A simple ranking system has been used as a visual aid for each topic in the
summary, with rankings ranging from Excellent Performance (beyond designer expectations)
to Significant Operational concern ( causing cost overruns, HSE risks or production losses).

Factors which influence Opex are discussed in Section 2.9 and while many are determined by
factors outside the operator’s control, some can be influenced by design and operation.

Finally a short operators “wish list” is shown in Section 2.10 indicating the design
improvements the Operators would prefer to have had in their respective FPSOs. A list of the
“surprises” that Operators did not expect 10 years ago is also included.

2.1 Production performance

2.1.1 Production performance on all FPSOs had been excellent and hydrocarbons
have been delivered at or above design rates. Peak production of at or above 200k
Bopd have been achieved on 2 FPSOs with 2 others achieving peaks at or above 100k
Bopd. Over the last 10 years, net oil production has declined to around 25% of the
above figures, though overall productions volumes (including water) are still
comparable to earlier figures. Production regularity has been high and after early
teething problems, has reached between 92 and 97% across the fleet, with the biggest
operational concern being gas compressor reliability. Well volumetric performance is
generally 2-3% higher on the two FPSOs connected directly to a wellhead platform.
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2.2

2.1.2  All reservoirs have delivered to or better than plan, and 5 of 6 FPSOs are likely
to stay on site for 5-10 years beyond original PDO, primarily due to field extensions,
further discoveries and tiebacks.

People and safety

2.2.1 HSE performance

Overall the personnel safety record on the FPSO fleet has been good with accident
frequencies below industry norms and only a small number of minor LTIs reported.
There is ongoing concern with dropped objects as a result of several near misses. On
the Environmental side, two significant oil spills were reported, one a deck leak and
the other when the hose to the WHP failed. There have been a number of offloading
incidents, see below. There have also been several minor gas leaks particularly in
relation to the reciprocating compressors and this trend is likely to increase as the
equipment gets older and more fatigue and corrosion problems emerge.

2.2.2 Working environment and crew morale

The FPSO work environment and accommodation quality is generally considered
good, partly as a result of Norwegian requirements. Staff turnover on all FPSOs is
exceptionally low. On 2 FPSOs some concerns are expressed about the HVAC noise
and vibration from reciprocating compressors/ diesel engines. There also is an ongoing
issue on all FPSOs regarding the occasional need to share cabins — which is not
normally accepted by unions in the Norwegian sector. Early mechanical handling
problems have largely been solved now. One FPSO has the CCR, meeting rooms and
offices at the process deck level. The Operator considers this has significant
advantages for workflow management and Operator/CCR communication, over the
bridge located CCR design. The escape tunnel is considered beneficial for crew
access to the topsides. There are very few reports of problems with sea sickness.
Crew turnover is generally very low.

2.2.3 Crewing
There are 3 different approaches to crewing on Norwegian FPSOs. On 2 FPSOs “core”

crewing levels have been reduced from around 40 initially to 30 by consolidating
Marine Departments into the Maintenance Dept, leaving the Production Dept. to
operate all aspects of the FPSO. These 2 FPSOs run with only 4 on during night shifts
(1 marine CRO, 1 Process CRO and 2 deck operators). 2 other FPSOs run crews of
35-37, also without a marine Dept. however they too have fully trained Marine CROs.
On the remaining 2 FPSOs, the core crew is 42 in 3 departments. with around 10
support staff on average. In the 4 FPSOs with smaller crews, there is frequently a
substantial contractor support team, adding approximately 10-30 crew undertaking
vessel maintenance and/or modifications. On one FPSO maintenance services are also
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2.3

provided to the Wellhead platform — which increases the FPSO POBs by 7-10. The
figures referred to here are averages. See chart Fig 3.3

2.2.4 Accommodation

As reported in the 2002 Survey ref 1, on 5 of 6 FPSOs the accommodation is
considered too small. On several FPSOs, some additional cabins have been added or
split where this is possible. These 5 FPSOs are almost always close to full (Fig 3.3).
In some cases there are more beds available, but are unused because of the Norwegian
union agreement for a single sleeper per cabin. This therefore requires some support
staff to work nights to make best use of the cabins. The lack of beds causes problems
with maintenance and repairs and subsequent production efficiency, and in one case,
makes providing staff for the WHP much more challenging. The only FPSO not
suffering POB problems also benefits from low levels of equipment breakdown and
required maintenance.

2.2.5 Stand-by Vessel

FPSOs are often remote from other facilities, and only one of the six has been able to
share their SBV vessel and its associated costs with other fields. All Operators are
using their standby boat for useful purposes including ROV inspections, temporary
storage, oil spill response, equipment transfer between wellhead platform and FPSO,
and where it has the capability, emergency towing support for offloading and in some
cases it provides firefighting capability.

Marine

2.3.1Thusters

Thrusters have generally been reliable and 3 FPSOs have had no failures. One had
had 2 failures and uses a strategy of change-out on failure. the other 2 FPSOs change
all thrusters on a rotation basis. Change-out requires 2 boats, ROVs and at least 2-3
days in good weather. However this can be more difficult and time consuming in
winter where a failure could create heading control problems. In two cases, newly
installed thrusters have failed early as a result of poor factory QC or poor installation.
Condition monitoring of thrusters is proving very important for lifetime management
and failure prediction. In design, lifting aids should be installed on the FPSO ( small
davit crane and pad eyes on the hull) to assist in thruster change-out. One FPSO has an
internal system for thruster change-out, but it has not yet been used,

2.3.2 Moorings and anchoring system

Mooring chain wear has been greater than expected particularly in areas close to the
fairlead. In certain cases, inadequate fairlead design has resulted in movement and
“out of plane bending” with damage and wear being caused to the chains links.
Several top chains have been changed and in one case, manufacturing problems and
QC failures led to an early chain link failure on the new replacement chain. Wear
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problems have been largely solved by moving the chain in the fairleads over time and
changing top sections where the turrets have mooring winches (5 of 6 can do this).
Inspection of the fairlead area and chain tensions and links has also proven difficult.
Some problems have also been experienced with sea bed bacterial corrosion specially
in areas covered with oil based mud cuttings. In general FPSO mooring systems have
required much more supervision, replacement and inspection that was anticipated.

2.3.3 Hull and tanks

In general hull structures have performed as well or better than expected. A number of
minor cracks have been successfully repaired in service on 3 FPSOs, and in two cases
this was a result of poor QC in the yard. One FPSO required 30tons of additional steel
and also required the successful use of an external habitat to permit internal welding
on the hull. The oldest of the FPSOs is now experiencing side shell fatigue and some
stiffener cracking as would be expected, and will soon need significant steel
replacement in dry dock. One FPSO required extensive repairs to internal tank
coatings which had cracked, causing serious pitting from bacterial action. There is
general concern about external hull painting and anode replacement as diver access is
limited. Most FPSOs now rely on impressed current for external corrosion protection.
Marine growth build up in summer is usually removed by wave action in winter.
Concern is noted with the difficulty of gas freeing tanks for manned entry.

2.3.4 Green water

There were a number of green water incidents in the early years offshore on 3 FPSOs,
where equipment was damaged. These issues have been resolved by a combination of
protection walls, equipment relocation to provide a clear tank deck where possible,
and/or operating in winter (on these 3 FPSOs) at higher drafts.

2.3.5 Cranes

Cranes were noted as a major concern in the 2002 report for most FPSOs -Ref 1.
Based on platform designs, their booms were too heavy, too wind effected and under
powered for a moving vessel. They also had insufficient response times for supply
vessel offloading. It also became clear that they were unsuited for maintenance
activity due to movement of the heavy block. These problems are largely resolved
after significant modifications were undertaken both to improve responsiveness and to
upgrade back-up systems in the event of failure. Later experience has indicated that
knuckle boom cranes or cranes with light weight lattice booms are preferable. See
also section on mechanical handling.

2.3.6 Cargo and ballast system

Marine growth has been a problem on some FPSOs with up to 70% of the inlet flow
area blocked and batch hypochlorite treatments have caused massive overloading of
material . Poor quality steel on the COW pipework on 2 FPSOs have necessitated
changeout of the pipework after 10 years. After experiencing gas trips, all FPSO have
fitted venting pipework from tanks vents.
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2.4

2.3.7 Fabric maintenance

One FPSO had extensive work in the first 2 years to repair a failed paint system.
Generally operators report that though some issues are now developing, if painting
work is kept up to date and not sacrificed for other work, the issue is manageable.

Turret Swivel and Risers

2.4.1 Turrets

Three different turret bearing systems have been used on the 6 FPSOs. Rail and
wheel(3), sliding pads (2) and bogies and track(1). Only the latter is free rotating,
however all the others require control room intervention to change heading which on
average is required at least 3 times a day. Rail and wheel suffered early problems with
rail and wheel surface cracking and require occasional replacement of rail sections and
bearings, Hydraulic supported sliding pad systems are sensitive to the hydraulic
system design and capacity — several modifications were required to enlarge the
hydraulic system, and ongoing maintenance levels are relatively high. The bogey
track system has been the most reliable and any concerns with additional wear on the
swivel (due to small movements of the turret) have not been a significant problem.

2.4.2 Fluid Transfer System and Swivels

At the time these FPSOs were built, swivel technology was relatively untried. As a
result three of the FPSO were equipped with drag chains (flexible hoses and cables).
These have proven successful but require high levels of maintenance (pad and hose
replacement) and supervision (heading control) and in some cases cause production
restrictions due bend radius. The inability to rotate through 360 degrees places
demands on the crew to manage heading and anticipate weather conditions. One
FPSO has since start-up installed a swivel and the other two have installed gas
swivels. The 3 FPSOs with full swivels have had good performance with some minor
incidents (power swivel failures, water injection swivel leaks). One FPSO has
replaced its swivel to upgrade its functionality ( 5 week shutdown) and another is
considering a similar option. In general swivels have fully met design expectations.

2.4.3 Risers

Generally production and injection risers have performed well except one significant
incident with a riser failure to the WHP. A small number of failures have also occurred
with the riser stiffener joint below the turret loosening off, but all have been repaired.
The non-availability of riser slots can be a constraint when considering new field
tiebacks.
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2.5

2.6

Utilities

2.5.1 Fire Water System and Deluge

Generally Fire water systems have been trouble free — one FPSO suffers suction
problems due to turbulence at the sea chests — specially at reduced draft. Corrosion in
firewater and deluge systems has been reduced by use of exotic materials and/or
flushing with potable water after testing. FPSOs with steel pipework are frequently
suffering blocked nozzles due to corrosion. One operator would like to investigate
alternatives to full deluge testing as this contributes to corrosion of topsides pipework
and damages electrical equipment..

2.5.2 Power generation
Power generation is a critical function on FPSOs. Three FPSOs use dual fuel Gas
turbines (GT) and three use dual fuel reciprocating generators. The two with LM 2500
GTs are most satisfied as this is a well proven technology offshore and maintenance
levels are moderate. More difficulties were experienced with the larger LM6000s due
to early pipework failures (casing minor fires), support failures and variable loading
from thrusters which can add a cyclic ISMW. Since installation, both LM 6000s have
required change-out, and these are very difficult to lift and move. Design for this must
be included in the mechanical handling plan.. Failures were also experienced in the
heating medium system due to vibration and corrosion.
The use of the alternative duel fuel diesel or gas powered reciprocating generators
provides reliability and flexibility, though there are several drawbacks:
* They require more maintenance - can be 3-4 extra crew on board (there
are multiple moving and maintainable components),
* They require more supervision - in two cases a separate control room
has to be manned continuously
* There is more noise and vibration from reciprocating engines which has
to be considered in hull design
* They require an engine room ( or two for full redundancy ) which
consumes tank space and requires gas to be fed to an enclosed area
* HP fuel gas compressors are required for gas feed which themselves
create additional maintenance.
However these engines are generally reliable, flexible and have an excellent track
record in the marine industry. The future availability of LP gas intake engines will also
reduce the risks and failures associated with HP fuel gas compression.

Topsides

2.6.1 Topsides Pipework

Four FPSOs are experiencing severe problems with “Corrosion under insulation”. The
humid environment combined with sea spray causes corrosion under thermal
insulation on separators, supports, valves and piping. . Despite manufacturers claims,
the seals and overlaps frequently fail. The problem once detected, requires removal
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of all insulation, sand blasting and replacement of pipework or for minor damage,
repair with Belzona filling compound. Installing of doubler plates under supports is
also required. It is also advisable to minimise insulation . Insulation specifications
should be challenged at the design stage and if insulation is required for personal
protection, open mesh screens should be used. On some FPSOs upto 10 staff are
deployed repairing pipework. The root causes are failures of insulation, metallurgy
and overly complex pipework layouts. Where exotic materials (Ti, Cr steels etc) are
used as recommended by Norsok, these have helped.

2.6.2. Oil and water separation

All FPSOs are generally experiencing good oil/water separation performance, even
during high separator movement in severe weather. In at least one case, separator
internals had to be changed due to liquid sloshing damage. Low levels of oil in water
discharge are being achieved by all FPSOs. Where steel has been used (for example on
produced water discharge lines) this pipework is now corroding badly and some of
these lines are large and inaccessible. Some scaling issues are also evident and
restricting water flow in discharge lines.

2.6.3 Gas compression

Three FPSOs use reciprocating gas compressors and on 2 these, the compression
system has been a major concern, impacting production and requiring extensive
maintenance. The problems arise due to poor structural support on the topsides,
component failure due to vibration, poor QA or material selection, liquid carry over
causing valve or piston failure and corrosion and valve actuator failures. In addition,
insufficient spare capacity has been installed, so all failures become production
critical. On the 3™ FPSO there is no back-up system for the gas compressor so the
5% downtime directly impacts production. On the other 3 FPSOs centrifugal
compressors have performed better. However on one FPSO, initial problems were
experienced as a result of scrubber under-sizing, resulting in liquid carry over and
repeated dry seal failures. Before this problem was solved the compressor bundles
were changed over 25 times.

2.6.4 Flare system

The flare tower is too short on 2 FPSOs and as a result, heat shielding is required. For
example, the MOB boat has been damaged on one FPSO as a result of radiant heat.
The location of the flare tower on the stern of the vessel also creates a risk. At certain
draft combinations of FPSO and ST, the flare tower could be damaged in a collision.
One FPSO has a ground flare which while reliable requires ongoing maintenance and
does not produce a very clean burn.

2.7  Offloading Operations

2.7.1 Effectiveness
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2.8

Over the 10 year period FPSO offloading has been very successful with high regularity
and no spills, with offloading taking place routinely in 4-5m significant wave heights.
This reflects the good performance of the DP2 Shuttle tankers, the FPSO and both sets
of crews. Details of FPSO offloading operations were reviewed in OLF report Ref 2.
There have however been several near misses due to ST drive offs linked to position
errors and one contact incident occurred which could have escalated seriously as the
flare tower was close to the contact point. To minimize collision damage, a rounded
stern is recommended for future FPSOs in place of the current square sterns on each of
the 6 FPSOs. ST operators prefer hose reels over the hose shutes used by two FPSOs
as they are easier to deploy — however the shute does allow better access for hose
inspection. One operator improves the working relationship between the FPSO and
ST teams by holding an annual meeting between representatives of the two crews.

In general the ST Operators want to see increased standardization of work methods,
equipment and procedures between the different FPSOs. See OLF Report ref 3.

2.7.2 Package Sizes

FPSO storage volumes of the 6 FPSOs range from 190k -900k bbls. To avoid
production cutbacks, offloading should take place well before the tanks are full, so
usable capacities are less than stated. Further reductions apply to FPSOs operating at
winter drafts due to Green water or lifeboat limitations. With oil production ranging
from 5k bopd to 150k bopd, offloading frequency has varied from once a month to
twice a week. Typical N. Sea ST cargo sizes are 850,000bbls and ideally the FPSO
should be able to fill the ST at one loading, however only one FPSO can do this. Asa
result most FPSOs have to offload twice to deliver a full cargo adding offloading
costs— which in the case of one FPSO involves 4-5 days of ST standby after each
primary offloading.

Integrity and Compliance

2.8.1 Maintenance Strategy

With the improved functionality of Maintenance management systems, increasing use
is being made of “intelligent” risk or criticality based assessments. This enables
maintenance to be managed at realistic levels without taking undue HSE or production
risks. Planned shutdowns are generally avoided but implemented on an opportunistic
basis. One FPSO however, implements an annual shutdown due to the inability to
complete such work while production is online. There is a general concern with all the
FPSOs regarding life extension, because the field end date is usually uncertain. This
means that decisions are being taken on a short term basis, whereas a clear end date
could make investments in upgrades or dry docking much easier to justify.

2.8.2 Mechanical handling
Three FPSOs were designed with cranes as the primary and almost only means of
mechanical handling. This has not been ideal as cranes have limited access, are
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difficult to operate due to blind spots and are poor for maintenance tasks due to
movement of the block. Mechanical handling was considered early in the other
designs, and flat open runways, linked to landing areas and workshops all with forklift
access have proven successful. However there are still many inaccessible areas; on
the main deck, below decks, near the hose reel and around the helideck where
handling aids were generally inadequate. There has been an extensive program to add
mechanical handling aids on all FPSOs including hydraulic manipulators, trolley
beams and lifts. The situation is now significantly improved, it is however an area
where better early design work in the future is essential.

2.8.9 Industry Standards and Classification

All six FPSOs were built to class, however only three have stayed “in Class”.
Operators have found it appropriate to design each vessel to class, which both
simplifies construction, tow and approvals particularly for ships systems. Topsides of
3 of the vessels were built to Norsok standards where the others were built to Class or
ANSI Standards. Major Operators use integrity management systems either to
supplement or as an alternative to Class. Contractors prefer the use of Class for
integrity assurance for the entire vessel and have a preference for the AOC approval
route with the PSA. The three vessels with class have ERS (Emergency Response
Service) for hull / stability emergencies, whereby a Classification society team is
provided within 2hrs, to support them.

2.9  Factors influencing Operating Costs

In the survey, FPSO operators were asked to review special factors that influenced Operating
costs. Clearly in early years with high production rates these are less important but as
production drops, Opex become more critical so by the end of field life, the cost of operation
approaches the value of the production. The major drivers for Opex are personnel, logistics,
maintenance, offloading and Fuel. Comments on these can be summarized as follows;

Personnel: This is driven by offshore crew and onshore staff levels. While some FPSOs
have low core crew numbers they also have higher maintenance crews. Five FPSOs
have average POBs between 55 and 75 but only one has POBs as low as 40.
Regarding onshore support, this ranges from around 15 dedicated staff to 40.

Logistics: This is driven by location remoteness and the level of service required. 2 FPSOs
are relatively far North, which adds costs. Significant savings can however arise from
sharing of supply boats, helicopters and standby boats, however four of the FPSOs
have little opportunities for such savings. Support costs are also increased by POB
restrictions if contractors have to make repeated short visits to get work completed.

Maintenance: High equipment reliability helps keep Opex down, however major overhauls
of equipment such as main engines, gas turbine power generators and compressors all
add costs. Unexpected failures of equipment such as thrusters, mooring lines,
pipework (corrosion under insulation), swivels can all add significant Opex. Fabric
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and hull maintenance and repair is also an ongoing expense that tends to increase as
vessels age.

Offloading. Crude storage capacity significantly impacts offloading costs per barrel because
as time taken to hook up a Shuttle Tanker, offload the cargo and transit is similar for
large and smaller volumes. Of the six FPSOs, only one (900k) can fill an ST with a
single offloading. Other FPSOs are progressively smaller (800k, 580k, 420k, 380k,
190k) Also due to operating restrictions the full storage volume cannot be fully
utilized.

Fuel. All FPSOs prefer to utilise produced gas for fuel. However for a number of reasons —
fuel gas compressor failure, engine overhauls, insufficient produced gas, Gas oil or
diesel is required — this can have a significant impact on Opex.

2.10 Wish List and Surprises

The operators were asked, that given 10 years experience, which aspects of their
design they would most like to change. The responses are listed below and alongside
each topic is the number of FPSOs requesting that change. The balance of the FPSOs
of course, already had that aspect resolved in their own designs.

More beds and single rooms (5
Improved mooring system (5)
Simpler thruster replacement method (5)
More suitable cranes 4)
Mechanical handling improvements 4)
Low maintenance turret bearings 4)
No pipe corrosion under insulation 3)
Larger Storage volumes (3)
Low maintenance power generators (3)
Higher Flare tower 3)
Centrifugal gas compressors (2)
Swivel to replace drag chain (2)

Finally the operators were asked for a short list of the surprises (both good and bad)
that they had not anticipated 10 years ago. These included:

Mooring chain failures

Corrosion under Insulation

Challenges of operating drag chain turrets

Poor reliability of reciprocating compressors

Success of swivels

Excellent performance of crude separators on a moving vessel
Effectiveness of Shuttle Tanker offloading operations

Requirement to extend FPSO life with no dry dock for 10 years or more.
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2.11 Conclusions

FPSO Operations in Norway over the last 10 years have been very successful.
Production targets have been met or exceeded, costs have been controllable and most
important, very few injuries or spills have occurred. This result confirms the claims
from the Operators in 2002, that investments made in quality and operability in the
project phase (that resulted in cost over-runs) have in fact been justified. There have
however been a number of challenges — gas compression has been less reliable than
expected particularly with reciprocating compressors, first generation drag chain
turrets have been more difficult to manage than expected and corrosion under
insulation has become a significant problem on a number of FPSOs. Further, these
and other problems are being resolved on vessels where accommodation capacity is
very limited.

But there have also been a number of successes, crude offloading to shuttle tankers has
demonstrated high regularity, crude separation and produced water treatment has met
required specification, even the most severe weather conditions and as an indication of
morale, staff turnover is very low. Equally important, FPSO crews and their
contractors have successfully maintained and improved their vessels offshore, such
that Operators now propose to retain 4 of the 6 vessels on location for10 years or more
beyond initial development plans. Many challenges remain, particularly as the
vessels get older and need more attention, but methods of work and experience
developed by the Operators over last 10 years should give the industry cautious
optimism for the future.

2.12 Follow-up Work

It is not intended to list proposals for future work here, however as at least 4 of these 6
FPSOs will be spending a further 10 years offshore, each still has a number of
challenges to handle, as indicated by the wish list and surprises above.

It is proposed that Operators continue to share experiences with the resolution or
mitigation of these challenges, the OLF FPSO network can assist with this, and that
Classification societies and Regulators also actively provide assistance and
understanding, whenever appropriate.

3.0 APPENDIX
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3.1 Detailed results

Se detailed results at http://www.olf.no/no/Publikasjoner/Konjunkturrapport/FPSO-
operability-survey-/
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3.2 Results ranking chart (2 FPSOs omitted)
OLF 10 year Operability Survey - Comparison chart
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3.3 POB Average chart
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