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Management committee

Ministry of Petroleum and Energy
Norwegian continental sh elf
Norwegian Envi ronment Agency
Ministry of Trade, Industry and Fisheries
Natural gas liqu ids

Competitive position of the NCS
Norwegian Petroleum Directorate
Norwegian Water Resources and Energy Directorate
Oil equivalent

Plan for development and operation
Petroleum technology

Plan for installation and operation

Production, drilling and quarter s platfo rm with facilities for partial
processing, drilling area without rig and quarters

Production, drilling and quarter s platfor m with facilities for
processing, drilling area without rig and quarters

Production, drilling and quarter s platform with full facilities
Production licence

Pipeline end manifold

Petrole um Safety Authority Norway

Quality assurance

Quality control

Risk based in spection

Revised national budget

Scottish Area Gas Evacuation Sy stem
Search and r escue

Standard cubic metre

Steel catenary ris er

Ministry of Transport

Sembcorp Marine

Subsea safety isolation val ve

Subsea umbilicals , risers and flowl ines
Tension -leg pl atform

True advanced collaboration en  vironment
Upstream capital cost ind ex

Volatile organic com pound



1 Background and methodology

1.1 Background for the study

Certain field developments  on the NCS have faced major challenges from costs and delays
over the past decade, with associated examples of qu ality and HSE problems & particularly in
the start -up and production phase s. Goliat is a case in point. The challenges in this project

have attracted a great deal of attention from both the general public and the government.

The White Paper on HSE in the p etroleum sector (Report no 12 to the Storting, page 65)
published in the spring of 2018 addresses this as follows:

Most developments on the NCS are implemented with in the uncertainty range for time and
costs specified in the PDO. However, certain developme nts have faced challenges with
substantial overruns  for both costs and execution time. This may also be significant for
quality and HSE in engineering and construction.

The purpose of this study is to identify possible deficiencies in project execution and to
propose both measures and learning points for improving company implementation
methodology and for  regulatory supervision . The PSA has therefore decided to commission
a study of three field developments on the NCS in order to identify learning points relevant

for HSE. This work is to identify challenges, underlying causes and recommendations for
improvement measures in all phases of a fi eld development.

Appendix A concerning earlier project reviews on the NCS summarises the main findings
from similar studies conducted earlier as a reference for the findings made here

1.2 Object of and scope of work for the study

Goliat and two other field  developments will be reviewed in order to contribute to learning
lessons and building expertise in government and the industry. Both challenges and positive
experiences will be identified. The study will cover all project phases from the award of the

produ ction licence, through exploration phases, feasibility studies, the concept phase,
preparation and approval of the PDO, design, construction, completion and start -up, and
over at least the first year on stream

For each of the production licences, the study will cover the operator company, the licensees
and the government ds role. The foll owing wild]l
actual study.

Follow -up by the companies, including

- the quality of the decision base for the various phases
- invol vement of and collaboration with the workers
- involvement by government

- qualification, utilisation and follow -up of suppliers/contractors
- organisation of the work
- the companyds-upown foll ow

- follow -up by the licensees.
Follow -up by the government, including

- permits, approvals and consents
- supervision and the use of enforcement powers.

1.3 Selection of projects

According to the PSAd8s specification for the
the NCS. One has to be Goliat, the other two must be proje cts with a PDO approved in 2010 -
15. Since the study is to cover the start  -up and production phase, eight developments were
identified which satisfied the selection criteria. The relevant projects were Gudrun, Valemon,
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Gina Krogh, Aasta Hansteen, Martin Lin
was based on documentation made available by

The criteria applied

outcome .
Assumptions :
t he

maturity at

E R R

Measurable end result:

1 number of serious incidents/investigations

1 delays

 cost overruns

fall into two groups.
characteristics for the project, while the measurable

projectds
operator experience/governing documentation
partnership composition
robustness o fthe concept

extent of new solutions/technology
oper atNES expertise

DG3/ later changes
execution strategy and choice of contractor S
quality of contractor follow
HSE during project execution.

organi sati on

the PSA.

and

-up/risk management

(PSAdatabase)

1 quality of the facilities (production achieved in first year on stream).

Parameters qualify ing for a green, yellow or red

each of these criteria. SeeFigure 1-1.

Criteria definition

Criteria

Project organisation and size

Operator experience/ management
system

Partnership
Conceptual robustness

New technical solutions/ new
technology

The operators NCS competence

Technical maturing at DG3/ late
scope changes

Execution strategy and selection of
contractors

Quality of contractual follow up/
risk management

HSE in execution
Measured results:

Incidences reported to and
investigated by PSA

Schedule delays

Cost overruns

Quality of production facilities

Capex < 15 GNOK

Established as an international
operator

No of owners: 3to 6
Break even (BE) < 50 USD/boe

Limited amount of new technology

Established NCS operator

In accordance with management
system and given requirements

Experienced contractor related to
scope and contract format

< % year before important risks
were identified

No fatalities during execution

No serious incidents, no
investigations

<% year delay (DG4)
<10 %

< 15 % deviation from PDO year 1

Yellow

Capex : 15—-30 GNOK

Established operator on other types of projects or
insufficient management system

No of owners <3 or > 6
BE between 50 og 70 USD/boe

Value of “new” solutions > 5 GNOK capex or new
technology not fully qualified at DG3

No former NCS operatorship

Not in fully accordance with management system
and given requirements

U-optimalt valg av strategi basert pa operatgrens
kompetanse og markedets pris og tilgjengelighet

> 1 year before important risks were identified

No fatalities but other serious incidences

1 -3 serious incidents, no investigations

% year - 1 years delay (DG4)
10-25%

15 — 30% deviation year 1

traffic light in the evaluation

ge, Knarr, Edvard Grieg and Ivar Aasen. Evaluation

Assumptions utilised describe important
end result is a quantification of the final

si ze

are defined for

Capex > 30 GNOK

First time operator for a large project or
inadequate management system

< 3 owners with major difference in priority

Value of “new solutions» >10 GNOK capex, or
new technology with increased cost in execution

No former NCS operatorship, limited use of
Norwegian experience/ personnel and standards

Needed more than a year to clarify scope and
formal requirements after DG3

Gjennomferingsfasen ga store tids og kostnads
overskridelser (+25% for tid og/ eller kost)

Insufficient risk management

One or more fatalities during execution

> 3 serious incidents or one or more
investigations

> 1 years delay (DG4)s
>25%

>30% deviation year 1

Figur e 1-1. Selection criteria

Four of these projects have been executed with Equinor as the operator, while the four
others were implemented by other operators. Selecting three different operators is desirable
in order to ensure the broadest possible basis for comparison in the study.

1. Among Equinord s
resembles Goliat i n size, concept, geographical location,
of contractors . This development has had a delayed start in relation to its

p r oAastaHassteen stands out as the one which most
contract strategy and choice
PDO.

11



2. Where the other projects are concerned, Martin Linge was dropped because of the
lack of start -up and production da ta within the time frame specified for the study

3. Of the three remaining projects, Ivar Aasen has an execution strategy which most
resembles Goliat and Aasta Hansteen. At t he same time, it shows a
all the result parameters, including H SE.

Based on the specified criteria, the following three projects were selected:

1 Goliat & oper ated by Eni (now Var Energi)
1 Aasta Hansteen 0 operated by Statoil (now Equinor)
1 Ivar Aasen & oper ated by Det Norske ( now Aker BP) .

All three operators have chang ed their name once or more during the period. This study
largely utilises their original designation when past incidents are described, and preferably
their present name in the summary and recommendations for the future.

A selection from the measurement of results (Figure 1-1)is summarised in Figure 1-2.

Criteria Ivar Aasta Goliat
Aasen Hansteen

HSE in project execution

HSE in operations

Schedule delays

Cost overruns

Quality at production start

Figure 1-2. Measurement of results . (Source: Acona)

Given the intention of the study, which is to review experiences from projects and processe S
which have been shown to present HSE challenges and to identify lessons from projects with

a positive outcome, Aasta Hansteen (Equinor) and Ivar Aasen (Aker BP) were chosen as the
two developments to be studied in addition to Goliat. See Utredning om feltutbygginger pa
norsk sokkel & valg av to tilleggsprosjekter (24 October 2018).

1.4 Focus areas

The starting point for the study is t he ®&&Mbdionof HSEO. . . embraces safety, th
working environment, health, the natural environment and material assets (including

production and transport regularity )6 See section 1 of the framework regulations with

comments and Figure 1-3. Learning points with  relevance for HSE are to be described .

1. Health
1 The Working Environment Act is respected and complied with.
T Workersd rights and participation are taken care
1 Requirements on noise, ergonomic stress, chemical handling and so fortho  n the
facilities are understood and complied with.
1 The workload is acceptable.

2. Environment
1 Regulations governing discharges/emissions to the natural environment are
understood and co mplied with.



3. Safety

1 Requirements for the identified technical solutions comply with Norwegian
requirements and regulations.

1 Major accident risk 9 identification and use in managing the project.

1 The facilities are engineered and built to the specified req  uirements.

1 Work in the development phase  (onshore and offshore) is executed in accordance
with best practice.

1 Production preparations and work procedures comply with best practice on the NCS.

1 Established working procedures are respected and complied with.

Figure 1-3provi des an overview of important factors in thi¢
influence and are significant for HSE results and value creation in the overall project

Location,
climate and
reservoir

Norwegian
laws and
framework

Licensees
«see toit»
duty

Operator
competence

Government
follow-up

Technical
concept and
commercial
conditions

and audit

Value
creation

Project

Safety in control -
design time, cost
and quality

Contractor
quality

Execution
strategy

Figure 1-3. Influences onthe HSEresults . (Source: Acona)

1.5 Methodology

Each of the projects has been reviewed in the following stages:

1 review of documents received from the regulators involved (PSAand NPD)
1 review of documents based on access to all relevant documentation from the
operators
1 interviews with key personnel from the three projects and relevant government
agencies
1 analyses conducted and working hypotheses developed for each field
1 more in -depth investigation of available documentation based on these hypotheses
T a new round of interviews with representatives fr

the partner companies.

This material has ther eafter been used to compare the three projects. The purpose has been
to identify learning points related to both good and less good practice.

1 Comparison between the three projects.
1 Learning points with proposals for future improvement.
1 Final report with associated presentational materials.
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1.6 Execution

The PSA is the client for the study. A tendering process was conducted in the third quarter
of 2018. This assignment was awarded to Acona in September 2018. The project team has
comprised:

1 Helge Hatlest ad (le ader) & discipline: management in the  early phase, development
and production

Jonas Odland & discipline: platforms and marine operations

Hans Jgrgen Lindland & discipline: subsea installations, drilling and well

Hilde Oddaker & discipline: HSHte chnical safety

Ernst Abrahamsen 4 discipline: project management, execution and project control
Martin Tveiterd (adm in support ) 8 discipline: risk

E

The project team has been followed up closely by the PSA through monthly and working
meetings .
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2 Parameters for the three selected projects

This chapter identifies elements in the operating parameters which characterise the three
selected projects compared with other developments executed since 2000.

2.1 Location and natural conditions

Ivar Aasen lies in a North Sea area which is well known and w  here a developed infrastructure
exists for oil, gas and supply services. The water depth is only 113 metres, permitting the

use of conventional fixed platforms with wells conducted to the topsides level. Drilling can
be performed by ajack -uprig .

Goliat lies inthe Barents Sea, not far from Snghvit. It was the first oil field discovered in the
area, and infrastructure is lacking for both oil and gas exports. The water depth is about

350 metres, similar to northern parts of the North Sea and the Halten Bank. Waves, winds
and currents are no worse than in areas of the North Sea, but Polar lows can occur. Low
temperatures with possible snow and ice can occur , and light conditions are poor in winter.

Aasta Hansteen lies in the Norwegian Sea area known as the Vgring Plateau. The water depth
is about 1 300 metres, and the combination of waves, winds and currents is among the
most challenging on the NCS. It is a considerable distance from land and the area lacks
infrastructure . Development depended on establishing a new infrastructure for gas, which
involved laying the new  Polarled gas pipelineto Nyhamna onthe Mgre coast.

Ny - Goliat ®
? : 350 m water depth =

Aasta Hansteen -~
[ ]

1270 m water depth . 3 )

Ivar Aasen .
. M
113 m water de,

Figure 2-1. Location of the three selected projects . (Source: Acona)

2.2 Reserves base and sales products

The reserves base for the three fields is shown in Figure 2-1, measured in scm oe

Compared with other fields on the NCS, they are to be re garded as small to medium -sized .
HCs in the reservoirs are a blend of lighter and heavier components which are separated

into various sales products, depending on the available infrastructure. Most fields deliver a

liquid product (oil or condensate) and a gaseous product which can be split into sales gas

and NGLs at a land terminal

Ivar Aasen | ies in an area where both oil and gas can be sold through existing infrastructure
This means that both oil and gas create value.
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Goliat is an oil field where the cru  de is exported by offshore loading directly from an

integrated stor e into tankers . No opportunity currently exists for marketing the associated

gas separated from the oil. It is therefore injected back into the reservoir and helps to

maintain its pressure. The gas  could be recovered again and sold at a later date. In other
words, the Goliat platformis equipped with gas treatment and compression without these
providing direct income.

Aasta Hansteen is a gas field with a small proportion of condensate. Investment in a new

pipeline to Nyhamna and expansion of the terminal there were needed to exploit the gas. To
handle the marginal condensate flow, the platform incorporates expensive and complicating
storage for this product with a system for loading it directly to tankers.

In general, it can be said that gas facilities require a quantity of he avy equipment for gas
processing and compression. Oil platforms also have to handle a certain amount of
associated gas, even if it is only injected back in some cases , must u sually treat large

guantities of produced water  as well, and need special systems for water injection.

Figure 2-2a shows how reserves in the three fields compared with other Norwegian
developments since 2000 which feature stand -alone pla tforms .

Figure 2-2b shows breakeven price s for the same fields. Th ese are high for the three
projects covered in this study. That reflects technical conditions as outlined above, as well
as the fact that the deve lopment decision was taken at a time when the level of activity in

the industry was very high and costs were generally high.

Oil and gas reserves Break even price

°

Goliat

Ivar Aasen
Aasta Hansteen

Gas field

o0
=
(%]
=
=
-2}
«
<
[T

BREAK EVEN PRICE - USD/FAT

Oil field
L ]
50 75 100 25 0 25 50 75 100
OIL/CONDENSATE - MILL.SM3 OIL/CONDENSATE - MILL.SM3

Figure 2-2. Oil and gas resources in Norwegian fields developed since 2000 . (Source: Acona, base d on
White Papers from the MPE relatedto PDOs)

2.3 Oil price and cost trends in 2000 -20

Projects are developed and matured through a series of decisions up to the final investment
commitment , which is confirmed with the approval of the
potential is expressed as expected net present value.

Calculating expected p resent value is based on expectations of future market prices for oil
and gas. Since great uncertainty prevails about price assumptions, emphasis is given to
assessing the projectds robustness to |l ow oil prices.

The breakeven price illustrates how robust a project is to lower market prices. It represents
the average future oil price which a petroleum field must receive to cover all future costs

while providing a specified return on the capital. Breakeven prices are calculated both before

and after tax. Anot her term for the breakeven price before  tax is the technical unit cost. This
shows that the breakeven price can also be regarded as a weighted sum of all future costs
divided by the saleable volume of oil and/or gas.
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For a project to be profitable and prov ide acceptable robustness, a certain differential must
exist between the expected market price and the calculated breakeven price. During periods
when pessimism and a belief in low oil prices prevail, a pressure to reduce costs will weigh

on all project de cisions, particularly for marginal developments . When optimism and faith in
high oil prices dominate, it will be easier to base decisions on robust cost estimates.

Figure 2-3 and Figure 2-4 show how the projects are placed along the time axis and how the
level of cos ts has changed over time

Oil price and cost indexes

=l
o
[~5]
~
o
[%2)
=
[T
S
o
o
=
@]

COST INDEX - PERCENT

0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Oil price Planning assumption uccl Cost index

Figure 2-3. Oil price, planning assumption , general cost index and UCCI. (Source: Acona)

History shows that oil prices fluctuate greatly, both in the short term and over rather longer
periods . This may reflect imbalances in the market, generally created by global incidents,
international crises, financial crises and so forth. Forecasts for future oil prices are based on
observations of the present level, trends and analyse s. The various oil companies have their

forecasts and planning assumptions, and each licence partnership selects which of these will
form the basis for illustrating the profitability of the project before a project decision is
made .

Immediately after 2000 , an oil price of USD 14/bbl was assumed . Expectations of future
prices increased in line with the rise in market prices, and an oil price of USD 90 /bbl  was
assumed for atime around  2013. Following the big oil price slump after 2014, expectations
were agai n reduced .

Figure 2-3 illustrates these conditions. The oil price shown is the market average for Brent
Blend. The planning assumption is the oil price use d by the industry in financial analyses,
and varies from company to company . Its curve is intended to represent a typical level. The
UCCI is an international cost index for offshore projects, while the dotted line is a general

cost index (inflation factor) . The dramatic slump in oil prices during the last half of 2008
was caused by the financial crisis.

Historically, the level of costs in the offshore industry has varied in line with the expected oll
price. This means that the breakeven price also varies ov er time and reflects expectations
for the market price. The breakeven price generally falls within a range of 50 to 90 per cent

of the expected market price.

17



Oil price, Break even price and Cost index (UCCI)
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Figure 2-4. Oil price, breakeven price  and the offshore costindex (UCCI). (Source: Acona)

Figure 2-4 presents the oil price and UCCI in the same way as in Figure 2-3, plus breakeven
price s for 16 Norwegian platform  -based developments at the time of PDO approval.

2.4 Division of roles between operator, licensees and government

The main goal of Norwegian petroleum policy is to facilitate profitable production of oil and

gas in along -term perspective. Value created will fall as far as possible to Norwegian
society, administration will conducted within acceptable parameters for HSE, and account
will be taken of protecti ng the natural environment and coexisten ce with other industries

Norwegian petroleum operations are regulated by the licensing system pursuant to the
Petroleum Act. Exploration or  production licences are awarded by the MPE on behalf of the
government. Production licences are allocated through regular licensing rounds and annual
awards. The companies must have a grasp of geology, technical expertise, financial strength
and expertise with HSE.

Chapter 4 of Proposition no 114 (2014 -2015) to the Storting on the  Johan Sverdrup PDO
describes the Norwegian administrative model. A corresponding account was provided by

the petroleum and energy minister i n estgaignofinse
government work to improve oil recovery from mature areas of the NCS ( Auditor General
document 3:6 of 2014 -15).

2.4.1 Licensees and operator

All companies wishing to pursue petroleum operations on the NCS must be qualified as
licensees or operator s. They must demonstrate that they can contribute to increased value
creation and have HSE expertise which helps to strengthen safety. New players are assessed
by the PSA and the NPD on behalf of their parent ministries.

Licensee . A licensee is a company wi th a production licence awarded pursuant to the
Petroleum Act. Generally, a licence will be held by several licensees, but only one of these is
appointed as the operator. All licensees undertake to contribute actively to the licence, in

part by checking th at the operator has activities  under good control

Operat or. The operator is the company in charge of day -to -day management of activities in
the licence on behalf of all the licensees. It has overall responsibility for ensuring that

activities are conducte d prudently and in accordance with the regulations. The operator

must see to it that everyone doing work for it complies with the requirements in the HSE
regulations.

18

(o]

t

he



0See to .Tthe ddwteye to itdé duty i s aaddtieraléeor the, overall ol
company®s duty to compl yltderiveas fromtthie Betralearg Act, and theo n s
operatords management system must describe how it wil

The see to it duty also applies to the other licensees, who must make provision for the
operato r to execute its  functions and see to it that the operator performs these in
accordance with the regulatory requirements. A licensee is responsible for taking action if it
identifies conditions which do not accord with the regulations.

2.4.2 Government

The MPEG6s main job is to facilitate a coordinated and i
overarching goal is to secure high value creation through efficient and environment -friendly
administration of energy resources. Energy policy must be constructed to ensure the best

possible utilisation, within environmentally prudent parameters, of the overall labour,

knowledge, capital and natural resources available. As the secretariat for the political

| eadership, the ministry®6s goal s wi Islenerdyepolieyl op i n | i ne
goals, as expressed in part thr  ough relevant White Papers and P ropositions (Bills) to the

Storting (parliament).

Figure 2-5. Overview of relevant government bodies . (Source: MPE

The MPE coordinates the consideration of licence awards, PDOs and PIOs. This is done in
cooperation with the ASD, the NPD, the PSA and the NEA . While the MPE/NPD are responsible
for resource management and socio  -economic aspects, the ASD/PSA handle HSE and the

NEA is responsible for the natural environment, emission/discharge permits and oil spill
preparedness. An overview of the government bodies involve d is presented in  Figure 2-5.
See otherwise Norskpetroleum.no /en for further details

Gassco is involved where the plans concern gas processing and transport . The same applies
to the NVE in cases covered by the Norwegian E nergy Act. In plans where the licensees are
considering a connection to the electricity generating system on land, the NVE, Statnett SF
and local grid companies have a role relating to the power system. The KLD, the NFD and

the SD, together with their subo  rdinate agencies and directorates, are consultative bodies

for impact assessments.

The PSA monitors Norwegian development projects through every project stage o from the
early evaluation phases, through concept development and definition, design, construction,
commissioning and operation, to cessation. This monitoring takes various forms during the

course of a project.

Activity plans, including a supervision plan, are established by the PSA for development S.
Such plans are based in part on  observations of and knowledge about conditions in and
around a partnership, the operator, special circumstances with a project and so forth. The
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supervision plans can be adjusted along the way if a project

related to HSE.

encounters special challenges

The PSA will check that requirements for HSE are met from the choice of concept stage,
through project development and on into the production phase. Furthermore, it will give

consent to start -up/initiate defined operations. The government has a responsibility

to

ensure that an integrated approach is taken to regulating the sector and that regulatory
developments keep pace with general trends in the industry. In addition, the PSA is

responsible for assessing

A key role in admi
an active driver of

ni stering
the companies in

monitors that the companies emphasis

Nor wayds

if the standards referenced in the regulations are good enough.

o is blayedrbyltheg\®B . It serses asr c e s

order torealise as much as possible of the resource
potential on the NCS and thereby create the greatest possible value for society. The NPD

e long -term solutions, upside opportunities,
benefits of coordinated operations and economies of scale, and

the

not losing resources.

Emphasis is given to making sure that the NPD has sufficient capacity and expertise to
check that relevant improved recovery measures are studied by the licensees and that

decisions are based on a long

-term perspective

The government defines the various milestones in the project development process in the

following way.

Decision to concret

ise 8 DG1: Milestone where the licensees have identified at least one

technically and commercially feasible concept which provides the basis for launching studies

leading to a choice of concept

Decision to continu e 8 DG2: Milestone where the licensees decide

one concept, which leads to the decision to implement

Decision to implement
which results in the submission of a

An overview of the principle s for gov

PDO or PIO.

ernment involvement

to continue studies of

- DG3: Milestone where the licensees take the investment decision

is presented in  Figure 2-6.

Annual production

Authorities Drilling permits licence
) Produc- Con- Decom-
Appli- | | ion BOK BOV ~ PDO it
cation | | jicences plan
INITIAL PERIOD EXTENSION PERIOD
4-10 AR 20-30 (50) years
Q :
= Exploration Develop-
8 drilling and mlent
G) Ll deli ti an
- E g o elineation PpG2 P Implemen-
ZZzuw LZ9 tation Production Cessation
T 5 phase
o0% = Seismic DGY Concept (DG3
- acquisition studies
@)
=
Discove Field

Figure 2-6. Overview of government involvement

The division of

. (Source: NPD)

responsibility i
owns the risk also owns the responsibility for dealing with it. In other words,

n
itis the

licensees who are responsible for activities being conducted prudently and in accordance

with the regulatory requirements . 0

It is neither possible nor des

are conducted prudently

irable for the government to regulate the industry in detalil
PSAis responsible for setting HSE parameters for operations, and for following up that the
. This responsibility includes developing the regulations,

. The
se

supervising th at the companies comply with the requirements and exercising its
enforcement powers appropriately in the event of regulatory breaches
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243 Licenseesd role and responsibilities

A Ilicenseeds responsibilities and dutassecistedd er i
regulations, and are also described in the licence documentation. The division of roles and
responsibilities between the operator and the

joint operating agreement ( JOA). The licensees establish a n MC to which they all belong,
with the operator ds r.dpevdarsgeules aet iagreed a lkencelawardr .
Each company is responsible for the safety of its own activities. This represents a basic
principle in Norway®6s petroleum regul ations.

The MC is t he top decision -making body for the production licence, and must be in control
of all operations related to this. It will also be responsible for strategies and goals, and for
exercising control of the operatords activiti

Pursuant to section 10, subsection 2 of the Petroleum Act, the licensees must ensure that
the activity can be carried out prudently, in accordance with applicable legislation, and in a
manner which safeguards good resource management and HSE.

The established division of respons ibilities and roles between government and licensees
mean s that responsibility for commercial decisions concerning projects and fields on the
NCS rests solely and entirely with the companies which conduct operations, take investment
decisions and execute p rojects at their own expense and risk.

244 Operatords role

The operator conducts and administers the daily execution and management of all work
related to the licence. These activities are executed and controlled in accordance with
regulations adopted by the J OA. The operator is responsible for the safety of its own
operations, because it possesses the necessary detailed knowledge, decision -making
authority and & not least & resources to ensure that the requirements in the regulations are
met and complied with.  This means the operator is responsible for securing all necessary
permits and consents and for entering into binding agreements and contracts on behalf of
the licence. It has a duty to report to the management committee on all issues of

significance for v alue creation and to operate safely in every phase from licence award to
relinquishment.

Workers must participate

Worker participation is a regulatory requirement in Norway. The principle is that the person
exposed to the risk must participate in decisions related to HSE. This is partly intended to
ensure that the collective knowledge and experience of the workforce is utilised to ensure

that issues have been adequately clarified before decisions are taken. Safety delegates and
members of the working enviro  nment committees in the companies have a special role o}
and duty 0 in this respect. The companies must make provision for genuine worker

participation, and ensure that legally prescribed bodies such as the working environment
committee and the safety deleg ate service are used in a good and constructive manner.

Tripartite collaboration is a precondition

Tripartite collaboration between employers, employees and government has a long history

in Norwegian industry. In the petroleum sector, this means that these parties sit down
together to collaborate constructively on improvements d including to safety and the
working environment. The Safety Forum and the Regulatory Forum are two of the most

important arenas for such cooperation in the petroleum industry . Great agreement prevails
about preserving the value represented by t ripartite collaboration.

2.5 Management parameters for a project

Management parameters for projects are costs, execution time and quality. These can be

more or less ambitious, but must basically b e realistic. Risk factors exist in any project, and
unforeseen incidents could create difficulties. Progress is monitored and assessed

continuously , and corrective measures are applied for possible nonconformities. The right

balancing of costs, time and quality represents a challenge for the project and an important
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part of its strategy. If the parameters are unrealistic , striking such a balance will  be difficult
and the project can get completely out of control. To restore that , the parameters may have
to be adjusted.

Costs are an easily measurable parameter which directly
and robustness to low oil prices

Time , expressed by the date for starting production, is another easily measurable parameter

which directly affects the income profile and thereby
robustness to low oil prices . In some cases, production start  -up may be particularly

important because of commercial commitments (such as gas deliveries).

Quality is not so readily measured in the execution phase, but a reduced level can have an
effect during start -up and throughout the production phase in the form of increased safety
risk, shutdowns and poor regularity , and thereby loss or postponement of output

Quality, safety

Problem Possible mitigation
Use more time — delay
COST
Reduce scope — simplify
Use more resources — cost
TIME
Reduce scope — simplify
Use more resources — cost
QUALITY

Use more time — delay

Figure 2-7. Balan cing quality, time and costs . (Source: Acona)

Where projects get into difficulties, effective measures must be taken to ensure the best
possible control over these three main parameters. The strategy could vary from one project

to another but, depending on how great the pressure is, compromises may be necessary for
at least one of the parameters.  Some examples are provided below

1 Rising costs can be combated by allocating more time 0 the schedule is adjusted.

1 Rising costs can be combated by reducing the scope of work, which can be regarded

as a quality reduction. Simplification such as removing parallel equipment units, for
example, could be relevant and acceptable, while measures which could increase the
safety risk will not be considered acceptable.

Delays can be combated by paying for additional resources (acceleration costs).

Quality problems can be combated by allocating more time and/or accept ing
increased costs.

= =

2.6 Nor wa yH&Eregulations

The Norwegian HSE regulations primarily rest on performance -based requirements which
specify the properties and qualities equipment should possess. How it should b e designed
to meet the regulatory requirements is up to the individual player. The performance -based
HSE regulations mean that the players themselves must satisfy the requirements set by
adopting specific requirements for methods and approaches which produ ce the required
result. This freedom of choice is a distinctive feature of the Norwegian regulations and

builds on an assumption that the players themselves are the ones who possess relevant

expertise and who are best equipped to determine which approach y ields the best result.
The regulations lay the basis for utilising flexible and efficient solutions.

These performance -based regulations provide freedom, but also demand that the players
actively interpret and supplement their provisions. Which solution sh ould be chosen will

22



depend on an interpretation of the level of safety sought by the regulatory requirement,
which is often couched in general terms. A judgement must therefore be made of the quality
of the various solutions and the risk associated with th em, taking account of the intended
utilisation and general cost  -benefit considerations. This is a demanding exercise, and

whether an intended solution meets the relevant regulatory requirements can easily be open

to doubt.

To reduce this uncertainty , guide lines to the regulations have been drawn up. These contain
more detailed descriptions of how the provisions are to be understood, and references to

selected standards which  provide arecommended way of meeting relevant regulatory
requirements. The principl e determining the relationship between statutes, regulations,
guidelines and standards is presented in Figure 2-8. The guidelines are intended to  provide
the players with some assurance that they are applying an accurate understanding of the
regulatory requirements , and will also ensure that the players  adopt a virtually identical and
adequate level of safety.

Neither the guidelines nor the standar  ds they refer to are legally binding. Players are free to

choose solutions other than those aimed at in the guidelines. This is a consequence of the

systematic approach taken by the regulations and presupposed in section 24 of the

framework regulations. Th  is provision requires that a player using a solution other than the

one recommended in the guidelines must be able to document that the chosen solution

fulfils the regulatory requirements. This is o0onlyod &
different so lution can be chosen as long as it can be demonstrated to fulfil the requirements

in the regulations.

T

Legallybinding

Regulations

Guidanceo regulations

Recognisedtandards and
setsof rules(NORSOK, ISO, API, e

Figure 2-8. HSEregulations on the NCS. (Source: Menon publication 39/2016)

The standards referenced in  the guidelines are not exclusively of Norwegian origin. On the
contrary, a number of international standards and sets of regulations are referred to as
indicative of the required safety level. These derive from the API, the 1SO, DNV, the IEC, the
IMO, Imca and the EN. Nor is it the case that the Norwegian standards are stricter than those

in other norms . An international standard  may well set stricter norms for safety and involve
higher costs than Norsok  or other Norwegian standards and sets of rules.

HSErequirements on the NCS are largely the same today as they were 15 years ago .

The B &vesdtigation report s show that inadequate design or faulty construction of

equipment was found in every third inc ident investigated during 2006  -15. Every fourth

incident was caused by incorrect use of equipment. In many cases, the equipment has been

used in direct conflict with the supplierds user manu
inadequacies in safety -criti cal information on the facility in every fifth incident investigated.

Specification requirements determine how the manufacturer designs its equipment. Shaping
these appropriately is therefore crucial for ensuring that the equipment is designed in a safe
way and in accordance with its intended area of use.
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2.7 Safety functions for a field development
Safety functions for a field development:

a. discover abnormal conditions
b. prevent abnormal conditions from developing into a hazard and accident
c. limitdamage in the event of accidents.

The design philosophy and an overall system description are established early, while the
details are developed through Feed and detailed engineering.

2.7.1 Risk reduction /barrier s

Risk-reducing/barrier -secure and robust solutions  are requ ired which minimise the

probability of incidents occurring. Where risk cannot be eliminated through a safe and
robust design, barriers must be established which ensure that the necessary level of safety
is attained. A barrierodos function is to protect again

could arise . This functionis implemented by barrier elements & in other words, technical,
operational or organisational factors which individually or collectively identify conditions

which could lead to faults, hazards or accidents, reduce the opportunity for specific faults or
accidents occurring or developing, and limi t or prevent harm.

The barrier concept is most frequently used in connection with incidents which have a major
accident potential, but can in principle be generalised to other accidents where physical

stresses could lead to loss of life or damage and healt h problems . However, attention in the
rest of this section is concentrated on major accident prevention.

2.7.2 Leaks and ignition source control

Attention will be concentrated on avoiding leaks. Even with safe and robust solutions,
however, some threat of leak age will exist. Other barriers must then ensure that the position
is controlled in a safe way.

Separating ignition sources from fuel sources and living quarters from equipment which
presents the greatest potential hazard represents an important principle. | deally, fuel
sources should be placed as far as possible from ignition sources so that leaks fail to ignite.

In conventional land plants with no space restrictions, opportunities have generally be taken
to do this . Achieving sufficient separation onits ow nis difficult with large multifunctional
platforms. This must then be offset by introducing various types and levels of ignition

source control.

In a project development phase, attention where such control is concerned will be
concentrated on ensuring tha t possible ignition sources are positioned in a way which
minimises the possibility of exposure to a gas leak, and that satisfactory ventilation is
provided in outdoor areas. This is supplemented by measures which either reduce the
presence of effec tive ig nition sources or render  possible ignition sources harmless in the
event of a gas leak. In other words, ignition source control will involve a number of

specialist disciplines in a design team.

To protect and safeguard against ignition of flammable liquids and explosive gases,
potential electrical and non  -electrical ignition sources must be systematically mapped.
Necessary technical, operational and organisational measures must also be taken to
minimise the risk of ignition

Areas where explosive atmosphere s can occur must be classified, and equipment and safety
systems in classified areas must meet requirements for use in Ex areas.

2.7.3 Ventilation and weather protection

The effect of natural ventilation must be assessed and documented. All air intakes must be

located in non -Ex areas and be as far as possible in practical terms from potential HC leaks.
Outdoor work areas must have adequate weather protection in order to reduce the danger

of health problems and erro  rs. The desire for natural ventilation may confl ict with the need
for weather protection. Electrical installations must be designed with safety measures and
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other protection so that abnormal conditions and errors which could pose a threat to
personnel and the facility can be avoided.

2.7.4 Detection, emergenc Yy shutdown, pressure blowdown and warnings

Platforms must have a fire and gas detection system which ensure s rapid and reliable
detection of incipient and full fires and gas leaks.

The emergency shutdown system must prevent abnormal process conditions deve loping
into a hazard or accident, and limit the consequences of accidents if they occur . It must be
possible to halt HC flows to and from the platform, and to isolate and/or separate off fire

areas on the platform.

The blowdown system (gas emission s) must prevent escalation of hazards or accidents by
rapidly reducing the pressure and quantity of ignitable gas in the process equipment.

Design of a blowdown system is important since the flare boom is a large and dominant
structural element on an offshore faci lity.

2.7.5 Communication equipment

Communication equipment and associated power supply must be designed and protected to
ensure that the performance requirements are maintained in hazard or accident conditions.

2.7.6 Firewater and fire pumps

Firewater supplies and fire pumps must be able to fight fires, cool down equipment and
structures, and dampen gas explosions if this can reduce explosive pressure. Permanently
manned facilities must have a  firewater supply from fire pumps or other independent sourc
to ensure that capacity is adequate at all times even if part of the supply system is out of
operation. Fixed fire -extinguishing facilities must be installed in Ex areas and in areas with a
high risk of fire

2.7.7 Emergency power

The emergency power supply/sys tem must ensure adequate electricity supplies for
equipment and systems which need to continue operating during an emergency.

2.7.8 Escape and evacuation

Escape and evacuation will be ensured through a combination of several means of

evacuation, such as helicopt ers, freefall lifeboats and escape chutes with liferafts . On field
developments encompassing two or more platforms, a bridge to a nearby facility will be

regarded as a means of evacuation.
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3 Goliat

3.1 Overall project description
3.1.1 Location and reservoir description

Goliat liesinthe Barents Sea, 85 kilometres north-west of Hammerfest and 50 kilometres
south -east of Snghvit. See Figure 3-1. The operat or for the licence is now Var Energi
(previously Eni) with a 65 per cent interest and with Equinor as its partner (35 per cent ).
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Figure 3-1. Location . (Source: Eni)

Goliat was proven by exploration wellsin 2000, 2001 and 2005.

Two appraisal wells were drilled in 2006 and 2007 , and the development comprises two
reservoirs , Kobbe and Realgrunnen . See Figure 3-2. Total oil reserves are about 175 million
barrels (28 mill ion scm). Se e Figure 3-3 for further details
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Figure 3-2. The Goliat reservoirs. (Source: Eni)

The water depth over the Goliat field is 320-420 metres , a moderate dept h for operations
tailored to the use of umbilicals . Pressure and temperature are relatively low, since the
reservoirs lie at shallow depths. Associated gas is being used initially for gas lift operations

in Realgrunnen, the shallower formation, and will thereafter be injected into the deeper
Kobbe reservo ir.

P10 P50 P90 Mean Base Case
g 3 3

L(I:l;:e oilin 42{?2"7"'%" 58.5 MSM?® 84(;54';”02;” 60.7 MSm?® 50.3 MSm’®
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Figure 3-3. Overview of reserves. (Source: Eni)

In the PDO documentation, the field was to be developed with 22 wells (11 oil producers ,
nine water injectors and two  gas injections ). The current planis 12 oil producers, seven
water injectors and three gas injectors 0 atotal of 22 wells.
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Figure 3-4. Goliat well paths. (Source: Eni)

Actual welI layout

The seabed topography is very uneven and has presented major challenges in terms of

flowline and umbilical routes. However, the oil and gas qualities provide good flow

properties, which is important for stable operation/flow in the re

3.1.2

Figure 3-5 presents the timeline received from the operator (above)

Licence overview and project description

issues listed f or each project phase are presented below.

Conc
Expl. [3 P FEED Execution
First
uc  oil ree . Pt
Award Disc. AR1 G1 AR2 AR3 G3 :.-u.u lppr FID ca Plan m
1997 2000 2003 Sept Oect. Nov. Deec. Nov. Dec. Febr Jun  Oct Feb. Moar.
2006 2008 2007 2007 2008 2008 2009 2000 2009 2010 2013 2014 2016
Main issues Goliat Concept select FEED/PDO e Construction/
= Barents focus * Design basis freeze
Barents stakeholders . Procurement Offshore Hook-up
) Stakeholder + Barents requirement « Bidders list FPSO o PEnesmplETa
New external requirements | management understanding + Familiarisation to
. ¥ Onshore terminal «+ Parallel FEEDs - TOR and Norsok
Lack of NCS experience NN political issues i e NCS requirements - Quality of work at
¥ NGOissues Risk identification * Lackof scope freeze/ Hyundai
Passive partner - Power from shore and understanding conceptual growth + Quality of follow-up
+ Norsok & NCS * Prequalification « Procurement

Figure 3-5. Goliat licence history and project challenges.

servoir.

Lack of risk management

. The most important

Production operations
March 2016 --> 2019

requirements

Concept and design basis freeze process

Execution and contracting strategy

Management/follow-up of contractors

Organization and governance

Compliance with regulations and requirements

process

Exhibit E description
PEP (contr. strategy)
Lack of quality in
partner QC/QA

Lack of involvement
of employees and
operations

.

requirement

Follow up of contract
interphases & change
Norsok
understanding and
compliance
Organisational quality
Lack of prod. start
revision (schedule)

e e

and change control
Neglecting findings
Moving offshore one
year too early

Lack of offshore
scope definition
Lack of involvement
of employees/oper.
HQ governance

Start-up/production
phase

Facility quality not in
place at start-up
Operational procedures
and systems not fully
implemented

Unclear governance and
responsibilities

Lack of involvement of
employees/HVO
Partner not taking his
expected responsibility?
Stronger Authority
interference?
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Figure 3-6 provides an overview of the main elements in the development concept

- Geostationary FPSO

- 8 subsea templates
- flow lines, risers and umbilical

- 22 wells (Original) 12 production
7 water injectors
3 gas injectors

- complete oil treatment

- power supply from shore

- underwater power cable
integrated with onboard power
generation

- stabilized oil exported by tanker

- associated gas re-injected

MAIN CONTRACTS:

- FPSO (Hyundai Heavy Industries)

- Subsea Production Systems (Aker)

- Flowlines, Risers and Installation (Technip)
- Electrical Subsea Cable (ABB)

- Onshore Electrification System (Siemens)
- Support to project (Sevan)

- Marine Equipment (MacGregor Pusnes)

- Anchor Chaines (Vicinay Cadenas)

- Polyester Mooring Lines (Lankhorst Euronete Ropes)
- FPSO Marine Installations (DOF)

- Offloading System (APL)

- HUC : Aibel, IKM, Apply Sgrco

Figure 3-6. Concept overview. (Source: Eni)

FPSO design capacit ies

1 Oil production rate 16 500 scm/d
I Gas production rate 3.7 Mscm /d
1 Production rate 12 000 m */d
1 Liquid production rate 17 500 scm/d
1 Water injection rate 20 000 m ¥/
1 Gas injection rate 3.5Mscm/d

313 Devel opment of plans and costs over the projectds

Key milestones for the overall project are listed in Figure 3-7 and Figure 3-8.
00 2001 | 2002 | 2003 | 2000 | 2005 | 2000 | 2007 | 2008 | 2009 | 20w
Exploration wells * > *
Decision gates DG1Y¥ DG2'W WV DG3

Feasibility studies

Environmental risk studies for Barents, subsurface, design basis

Evaluation phase (FPSO, Semi, TLP, Spar, Tower, Subsea-to-beach) —F & §F § N |

Concept selection phase

* Leased FPSO, Owned FP50, Semi+FSU — offshore storage
= Semi+pipeline— onshore storage

« Subsea-to-beach—onshore facilities and storage

Evaluation and assessment of Power from shore —

Concept definition phase (Circular FPSO versus ship-shaped FPSO)
* Sevan - Aker — Bluewater

Ship-shaped FPSO de-selected (swivel technology, shipyard capacity) *

FEED and Design competition (Circular FPSOs — Sevan versus Aker) fro—

Concept selection approved (Sevan circular FPSO) *

FEED; PDO submitted 18.02.2009 and approved 18.06.2009 —

Post FEED study —-—
Hyundai FPSO contract (Tender June 2009; signed contract 05.02.2010) * *

Figure 3-7. Schedule for the early phase. (Source: Acona)
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Prioritisation| Compglexity - Spar (Cpnstruction 13/35 months) Dec18
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Figure 3-8. Execution 9 plan development. (Source: Acona)

Figure 3-9 gives an overview of the most important cost elements at DG3 and DGA4. Figure
3-10 provides a graphical presentation of changes over time for each main element in the
estimate .

— o
Management 3945 6694
FPSO 12118 =
Topside - 14523
Living Quarter - -
Completion - 2566
30544 Substructure - 9202
\ Mooring,Offloading & Inst. - 1342
Risers & Flowlines 2406 2987
Heavy Lift and Transport. = =
Extend./Remaining Scope - 868
Contingency = =
Facilities—Platform 18469 20882 +61%
Facilities — Subsea & Pip. 2818 2996
Drilling & Well 8186 10479
Power Supplyincl. Infra. 897 1278
Host =
PMT/Petek -
Preparation for Operation 174 207
Insurance = 553
Adjust. (Currency impact) - 2953
DG3 DG4 Phase 1 30544 48348
Goliat

(Close-Out 2016)
Normal Complexity — Oil Platform
DesignCapacity:
16 500 Sm3/d olje
3.9 MSm3/d gass

\ DG3 - Total Topside Dry weight 18 202 tonnes - DG4 - Total Topside Dry weight 27 752 tonnes

%
.

Figure 3-9. Capex & cost development . (Source: Acona)
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24651 MNOK

15469

2818 2996

DG3 DG4 DG3 DG4 DG3 DG4 DG3 DG4 DG3 DG4
Management & Platform Platform Subsea Drilling & Well Other
Topside Substructure 2241 wells
Total Process Circular FPSO
RN\ DG3 - Total Topside Dry weight 18 202 tonnes (850 NOK/KG).

DG4 — Total Topside Dry weight 27 752 tonnes (888 NOK/KG excl. Currency Impact).

Figure 3-10. Main elements & cost development. (Source: Acona)

During the spring of 2011, the concept was frozen and a new level established for the
topsides dry weight at 28 500 tonnes . The final figure cameto 27 752 tonnes . The scope of
work for the topsides rose from 18 202 tonnes at DG3 to 27 752 tonnes at DG4 & in other
words, a weight increase of over 52 per cent .

According t o tldseoupreport ,ahe totdl sost estimate rose by NOK 17 .8 billion
from NOK 30.5 billion at DG3 to NOK 48.3 billion at DG4. Execution time for the project
lengthened b y 28 months , from 58 at DG3 to 86 at DGA.

The main contributor to the cost increase was the platform topsides , which had been
underestimated. Combined with weak execution, this caused the costs torise by a total of
NOK 9.2 billion, including theoperato r 6 s managemeupt / f ol |l ow

The scope of work/complexity also increased for the Sevan floating support structure, with
costs here rising by NOK 2.2 billion. Rig rates rose for drilling and well completion, and total
drilling costs were up by NOK 2.2 billion .

Productivity at Hyundai Heavy Industries  (HHI) was poor, and it only received compensation
for a small proportion of the construction hours. It thereby showed a substantial loss.

Engineering time was underestimated, and assessed at 1.3 mil lion hours on contract award .
Experience from similar faci  lities would have suggested three million hours . Where
engineering design is concerned, an hourly rate of USD 115 and a productivity of 105

hours /tonne is fairly similar worldwide

Fabrication time for the  topsides was estimated at four million hours on contract award , but
ended up at 10 -12 million . Hourly rates and productivity in fabrication/installation vary
substantially

According to Acona0s ,hougyaates ie theFar Edsadresaboats e40 per cent
(USD 45) below the Norwegian level, whi  ch is USD 115 . Of this, USD 75 is direct and USD 40
indirect. Productivity in the Far East (350 hours/tonne) is expected to be half the level of

Norwegian yards (175 hours/tonne) . The choice of platform supplier was motivated by the

desire to achieve a fab rication/installation saving of around 30 per cent.

Completion (t h é6 OERCI)was put at about 500 000 hours in the contract and then
increased to 1.3 mil lion. In addition came a  carry -over of 1.5 million hours, which ended up
at well over two million .

31



Total costs forthe topsides, i ncluding the oper at oup@osefronaNMC,Kge ment / f
15 469 mill ion at DG3 to NOK 24 651 mill ion at DG4 & in other words, a 59 per cent

increase . The price per kilogram was nevertheless relatively constant, but climbed from NOK

850 to NOK 888.

When the PDO was submitted, the project had a breakeven price of USD 50/ bbl. But part of
the work scope had been omitted, nor was the cost of the qualification programme

included. In addition came low technical maturation and an unrealistic plan. The expected
breakeven price at PDO submission was theref  ore undoubtedly closer to USD 55 /bbl . But the
upsides for the project, which lies in a virgin area where new smaller discove ries in the

vicinity could be realised, was undoubtedly given substantial weight.

The economics of the project have been hit by an extended project period and a substantial
cost increase. On the other hand, the increase in recoverable volumes has had a pos itive
effect. Future oil prices combined with new commercial discoveries in the area will influence

the final profitability assessment.

3.2 From licence award to choice of concept
3.2.1 Discoveries and delineation upto DG1 & autumn 2006

Goliat was proven by exploration wellsin 2000, 2001 and 2005. Two appraisal wells were
drilled in 2006 and 2007. A number of simple field development studies conducted during
this period provided the foundation for a consolidated design basis. Concepts involving
production fa cilities offshore and on land were evaluated.

I Of these solutions, only an FPSO gave acceptable profitability.
1 DG1 (autumn 2006) was passed with low costs for drilling/subsea facilities and with
leasing a small FPSO unit (inadequate capacity in relation to the fieldbds size). T
the only solution which satisfied the |licensees?d
1 Leasing of production units is best suited to small fields with a short producing life,
where residual value/re -use could be significant.

3.2.2 Influence o f Barents focus @ politic s, environment and regulat ions

Expectations were aroused in 2008 -12 over possibilities for major discoveries in the Barents
Sea. Players in the NCS were awaiting the announcement of the 22nd licensing round.

In anticipation, the industry had initiated a number of activities aimed at being as capable as
possible of developing oil and gas fields in a safe and economic manner. Although primarily

directed at the NCS, these activities also covered the Arctic region. There was a race t 0 get
into position and strong competition to secure new exploration acreage on/in:

1 the NCS

1 the Russian continental shelf  (Barents Sea East, the Kara Sea and the Pechora Sea)
i areas around Greenland

1 eastern Canada

1 Alaska.

The players were governments, international collaboration bodies (the Arctic Council and so

forth), the big international oil companies, state oil companies, research institutes and the

supplier sect or. Norwayds offshore indusrkedactivelyds strongl y |
secure new assignments, particularly with:

1 floating structures designed for Arctic conditions
1 subsea deliveries

9 drilling and well services

1 environmental technology.

Russo-Norwegian collaboration in the Barents Sea (the RU-NO Barents projec t) and other
initiatives also contributed to identifying technological gaps and new proposals for

technology development. The most relevant players in a global context participated in these
projects. Guidance on the parameters for HSE d particularly fromt he Norwegian
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government, but supported by the Russian government as well 0 set the bar high. Demands
for zero -emission solutions and  oil -spill response arrangements for icy waters, in particular,
called for the development of new technological solutions.

The i n d u s startyn@ moint was that major accidents must be avoided. At the same time, it
was important to get across that the level of safety for operations in Arctic areas had been
raised and that new and better technology would be developed.

Internati onal oil companies competing for positions not only on the NCS but also in the rest

of the Arctic sought to outdo each other in coming across as leaders for HSE. The head

offices of these companies emphasised that their environmental and safety requirement S
here were significantly stricter than those applied in the rest of the world. This meant that

projects such as Goliat could not rely on established company requirements and rules, but

largely had to develop its requirements as work progressed.

The Goliat development was based on  Norsok standard s. Several of the most relevant of
these were being revised in 2011 -12. This work made slow progress, partly because of the
ongoing conflict between the ISO and the API over international standardisation and

coordin ation. Where Goliat was concerned, the revision status of the N series (offshore
structures) was particularly significant. In N-003 Actions and action effects  (rev 2007) , for
example, Goliat was placed within the boundary for sea ice. However, it f ell outside this line
inthe 2011 revision proposal (first published as a new official version in 2017).

Through conscious choices, the  Goliat project set a high bar for HSE requirements in relation
to the position described above. That had the following cons equences:

1 new project specifications had to be produced 0 many of them with completely new
requirements for the suppliers

1 new technology had to be qualified

1 substantial extra follow -up and training of suppliers was needed

3.2.3 Feasibility studies 08 evaluation phase 2006 & DG2

A project team was established to assess a broad spectrum of development solutions. Se e
Figure 3-11. The following were assessed

1 leased FPSO

1 owned FPSO

1 semi-sub combined with a storage ship on the field

1 semi-subin combination with pipeline to a land terminal for oil storage/export

91 offshore subsea facility, pipelines to production facility on land.

This selection requires no special comment. Similar assessments are known from other

projects. Integrated drilling facilities were also assessed for the two options with a semi -sub,

but the reservoirds propert i e sonamdvasnaticansideredneant t hat
commercially acceptable.

Economic analyses were conducted for all the concepts, along with systematic evaluations
of:

HSEand the working environment
technology status

reservoir utilisation

business development

operation

socio -economic significance
value creation.

=A =4 =4 -4 -8

The concepts with subsea installations and onshore processing were promoted by external
stakeholders on the basis of experience with Snghvit and Ormen Lange. Public opinion
(politi cians, organisations and local c  ommunities ) regarded such solutions as attractive,
both for environmental reasons and with regard to jobs on land. However, they are more
appropriate for gas than for oil, primarily because of flow technology conditions. Piping the
Goliat wellstream ashore  would have required substantial technological development.
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The main conclusion was that the FPSO solutions (various types) came out best, and that
those which included land plants were either unfeasible or unprofitable . A stand -alone
offshore development  was also found to have the smallest negative environmental impact.

Eni Norge therefore recommended to the partnership in December 2007 that continued
work should be based on a circular FPSO,but that alternative  versions existed which needed
to be further developed upto DG2. This choice rested on two grounds

1 the concept could be realised  with either ownership or leasing

1 power from shore via a submarine cable would be straightforward
Power from shore was an important argument because of every stronger pre ssure from
organisations and politicians to adopt this approach offshore
Py eni

+  Subssa Systers

= Offshore processing and oi
storage

=
—
F
/
= Subses System // A \
[ T L S

= Offshore processing and onshore oi
storage

+  Subsea System

= Onshore processing and Storage
(528)

Figure 3-11. Concept options. (Source: Eni)

3.2.4 Assessment of technical safety in the concepts studied

During the selection phase , Eni looked at three main concepts for field development, each

with several sub -options. An HSE programme was established, which defined acceptance

criteria for the Goliat project, activities to be pursued, and goals for the work in this phase o}
primarily to es tablish HSE requirements for the design and ensure that these were

implemented in governing documents for later project phases. Eni Norge has made it clear
that the project organisation acknowledged the expectations aroused by and the

responsibility involv  ed of being the first operator with a development in the Barents region,

and therefore did not want to rely solely on minimum or conventional requirements for HSE.

Where HSE in the concept selection phase was concerned, Eni Norge & attention was
concentra ted primarily on the climatic and geographical challenges posed for an offshore

facility in this part of the Barents Sea. Power from shore was assessed for all solutions. Since
that involved the use of new technology on offshore facilities, while great unc ertainty
prevailed about the availability of electricity from the onshore grid, the decision was taken
to put this a side at this stage and returntoit for specific assessment in the next phase.

Eni Norge followed up all the contractors involved in studies during this phase to ensure

that consistent attention was paid to HSE and that acceptable solutions were incorporated

That included working meetings with participation froc
them personnel with experience  of Barents Seaoperations , and from the study contractor,

where the topic was the need for and effect of weather protection. Conclusions from these

meetings later led Eni to commission the development of a special solution for fixed wind

screens which optimised air throug  hflow while reducing the wind chill effect to an

acceptable and comfortable level.  Eni writes in its concept selection report that it realised

there was a degree of uncertainty about the weather data available at this stage and that it
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therefore had to increase confidence in this information base so that the winterisation

studies in the definition phase would be more relevar
in 2008, which identifies an inadequate information base.

To strengthen the project organisationds expertise, E
with specialist knowledge of risk analysis and technical safety. All overall (technical) risk

assessments carried out in this phase were done by that company. This ensured that the

same methodology was applied in analyses and assessments for all the concepts, which

simplified comparisons between the various solutions. In order to rank the latter with regard

to HSE, a system was developed where the various concepts we re awarded OHSE points
results of this comparison formed part of the decision base when choosing concepts to be

taken forward to the next phase.

Eni likens its concept phase to what is known in the Norwegian petroleum industry as a
ocl as s CThis phase doymally leads to a conclusion where only one solution continues
into the next project phase, which is Feed.

During the concept phase, technical HSE work should normally concentrate on documenting
that the chosen solutions provide an acceptable | evel of risk and can be regard as being as
low as reasonably practicable (  Alarp ). Furthermore, the system solutions must satisfy the
best available technology ( BAT) principle. Attention should also be given to identifying
incidents with a major accident po  tential, making it possible at the end of this phase to
document that adequate risk  -reducing measures have been included. In the working
environment field , it is important to identify various forms of working environment risk in

the concept phase as well a s preparing a strategy for dealing with these risk factors. A
supplementary risk matrix will be an important basis for such aspects as further

development of the layout and specification of equipment packages, as well as for defining
continued work on the  working environment for the subsequent Feed phase. When such
identifications are not done in the concept phase, the Feed stage will start with asub-
optimal information basis.

Based on information obtained both from conversations with people who played rol esin

Eni ds project team during the concept phase and from
of the platform solutions studied had an HSE design which would have satisfied what would

be regarded in a Norwegian context as a class C study. Eni itself note s in its report that

several of the variant offshore facilities studied had substantial design deficiencies,

particularly for weather  protection .

Solutions for and the extent of weather protection have a big effect on weight estimates for

the topsides and, if the scope of such protection is underestimated in an early phase, it can
have a big impact later on explosion accident loads, for example. Increasing explosion loads
could in turn mean a weight rise. When uncertainty attaches to the weather protection
solution for an offshore project, it represents a risk factor for the project as a whole.

The failure of the concept studies to satisfy established requirements for maturity is
demonstrated by a comment from partner StatoilHydro in its assessment of DG2 maturity.
The following is quoted from Statoil Hydrof6s revi ew:

RISKMANAGEMENT

Risk register is prepared but is not complete and certain risk elements seem to be
underestimated (e.g. schedule risk low). Risk register have to be updated. There are
significa nt differences between the Eni risk matrix and the corresponding one at
StatoilHydro for Goliat. The S tatoilHydro matrix seems more realistic.

SCHEDULES AND COST ESTIMATES

The cost estimate provided by the operator is considered too low and does not qualify as
class C. Alternative cost estimate developed by StatoilHydro is considered to be more
realistic.

The main conclusion regarding compliance with DG2 requirements is un changed. The
proposed schedule is unrealistic, and the cost estimates are generally on a class B level.

The project i s not r eFeatyandftleer allocted odorationmfarl 6 Feed
studies/PIO preparation is too short. Outstanding issues from the plann ing phase together
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with technology qualification (case dependent) will have consequences on the execution
which are probably not captured in the proposed durations

3.2.5 Concept definition phase

Because the relevant suppliers had rights to the technology, it wa s now considered
necessary to conduct a design competition. During the first quarter of 2008, Aker Solutions,
Bluewater Energy Services and Sevan Marine were invited to participate in this. The
competition was conducted in three phases up to September 2008 :

1 familiarisation/prequalification
1 Feed
1 tendering phase.

As early as after familiarisation/prequalification , it became clear that combining a ship -
shape d solution with power from shore would be difficult. Agreement was reached in the

licence during the first half -year that a leased FPSO should be shelved and a possible unit of
this type would be owned. Prequalification yielded a number of surprises, and found

substantial shortcomings in expertise/capacity at several possible suppliers, such as

Bluewater, Sevan, HHI and CB&l.

Furthermore, it became clear that Aker would base fabrication primarily on Norwegian yards,
while Sevan changed strategy and wanted to commit to an EPC solution in collaboration with
Samsung Heavy Industries in Korea. Agreement was reached in the licen ce during January
2009 that the winning concept was the Sevan 1000.

Feed studies were pursued during 2018 with FPSOs, subsea production systems and
flowlines/umbilicals/risers. All the platform concepts were characterised by lack of maturity,

with inexperience d new players for complex technical solutions . All the suppliers came up
with unrealistically low  cost estimates and execution plans. On the basis of this work, an

official choice of concept was made in January 2009. This was the real choice of conceptin
the project. Anormal DG2 matur ation was not in place until the summer/autumn of 2009
(afterthe O poBeedd contracts).

The subsea installation is designed and outfitted with components which are standard
solutions for use on the NCS. They have been selected with design and quality for use on
Goliat in accordance with the production conditions there , and as the requirements have
been developed and described in Norsok, the ISO and the API.

The overall HSE, production and operational philosophy for the subsea installation as
described in the PDO with appendices is well -adapted to the field and environme  ntal
conditions in the Barents Sea. This is particularly evident in the choice of the following
solutions, with great attention paid to environmental and safety considerations:

9 electrical heating of pipelines rather than extensive use of chemicals

1 SSI\s on all risers, despite the low pressure in Goliat

1 use of 36-inch conductors and purchase of new BOPs to reduce the effect of wellhead
fatigue

1 zero discharge philosophy for discharges to the sea.

The PDO was submitted on 18 February 2009 din other words, immediately after the choice
of concept. A demanding Feed phase had been conducted in the project, with two concepts

in parallel and a relatively short time frame. The Feed studies conducted did not meet the

normal standards set for such work

3.2.6 Assessment of technical safety for the selected platform concept

The concept recommended and chosen for Goliat is an FPSO with subsea wells tied back to
it. Th e surface installation is a circular, permanently moored floater with integrated storage
and offloading syst ems. This type of production facility is in use on the UK continental shelf,
but has not previously been adopted on the NCS.
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A permanently moored floating platform has been chosen instead of the ship -shaped
solution more traditionally seen on the NCS. Such a unit makes it simpler to pull in an
electric ity transmission cable from land. The platform is powered partly from shore and

partly from a gas/liquid  -fuelled turbine. That reduces the need for local power generation on
the facility compared with a so  lution based solely on gas turbines. See also appendix C.

The platform is specially tailored to the cold climate in the Barents Sea, with extensive
weather protection/winterisation. Account has been taken of special requirements for these
waters, in that n o produced water will be discharged to the sea during normal operation.
The platform is designed to provide oil storage in its hull, with the process plant and living
guarters above. The hull is built in steel with double bottom and sides.

Figure 3-12. Offshore lo ading on the Goliat field. (Source: Eni)

Oil is landed via shuttle tankers. Direct loading from a geostationary, permanently moored

facility is new for the NCS. The tanker stays on station wit h the ai d of a dynamic positioning
system which ensures that the minimum distance between platform and vessel always
exceeds 150 metres. During loading operations, the tanker will not normally lie bows -on to

the platform. Se e Figure 3-12. The platform incorporates a large oil store and generally has
great flexibility for adding new risers and umbilicals. This opportunity to attach more risers
make s the facil ity suitable for functioning as a future field centre.

The topsid es are constructed of modules installed on a circular steel hull, with the process
deck ha ving a diameter of 107 met res. See Figure 3-13. This deck was originally intended to
be placed five metres above the main deck, which forms the top of the hull structure. After

the PDO had b een submitted, however, the need to increase the height required substantial
changes . The process deck is supported by the radial support frames in the hull, and this

load distribution principal has been implemented on all process deck levels. There are tw 0
levels above the process deck.

The process deck is divided by an explosion  -proof wall running east -west.

Area north is the safe side, with cranes, quarters, lifeboat stations, generators, space for
electrics/instrumentation/telecommunications, workshops , Stores and so forth

Area south is covered by a steel structure for protection against wind and weather, and
contains five modules & flowlines, separation, gas recompression, gas compression and
water injection, produced water and chemical injection. In addition come the primary/
secondary loading station and bunkering station, flare boom and escape chute (the
secondary loading station has later been removed)

The flare boom  and related equipment are placed as far as possible from the quarters and
the safe area.

Pursuant to the PDO documentation, two areas would be provided on the platform for

offloading oil. The primary station is positioned to the north -east of the topsides , with the
secondary station on the western side. This was intended to permit off loading to continue
regardless of wind direction while simultaneously maintaining high regularity should one
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station be out of operation. However, it was decided at a later stage to the remove the
secondary station.

The utilities area  on the west side is d edicate d to electrical equipment at various levels,
with the heaviest components on the process deck. A number of safety functions related to

fires and emergencies are on the east side, along with stores and the workshop area. The
primary and secondary areas for m  aterial handling are located in the centre of the process
deck. Cranes are positioned on the north -west and north -east sides .

The living quarters are dimensioned for a crew of 120 people, with single cabins and all
necessary facilities. The helideck is pl  aced above the top storey of the living quarters and
cantilevered towards the north in order to achieve a direct view down to the sea surface.

Figure 3-13. lllustra tions of the Goliat topsides layout. (Source: Acona)

The hull is a circular cylindrical structure with a diameter of 90 metres. Twenty ballast tanks
are arranged around the periphery of the hull to provide the latter with double sides and
bottom . That reduces the possibility of damage to the oil s torage tanks.

Two separate machinery rooms are provided in the hull for the installation of small items of
operating equipment. See  Figure 3-14. These areas are placed in the central shaft and in the
forward machinery room  beneath the living quarters. They contain such equipment as

pumps, heat exchangers and other utilities. The shaft is divided vertically , with an internal
quadrangular section in the centre which functions as a safe zone, while the external section
is an unclassified zone. Stairs and personnel lifts are among the facilities in the safe zone.

The shatt is outfitted for safe transport of equipment which will require maintenance or

replacement during production. Located at the north side of the platform, beneath the living
quarters, the forward machinery room primarily contains utility systems for the living
quarters like sewage and waste water systems. Equipment such as coolant pumps for

seawater, firewater pumps at the lowest level, and liquid supply is found here. A personnel
lift rises to the process deck.
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Goliat FPSO — PDO approved 2009 Productlon start 2016

Geometry and main dimensions
Location and orientation

Global loads and responses
Division into main areas

Physical barriers

Escape routes

Means of evacuation

Weather protection, winterization
Natural ventilation

Material handling

Ship collision

Offshore loading/oil storage

Topside dry weight: 27800 tonn, Diameter process deck = 107 m

Figure 3-14. Goliat FPSO with listing of safety

327 Operatords safety

Figure 3-14 presents an overview of important safety
in the early phase.

In the PDO documentation, the operator emphasised that technical solutions
have built -in safety and a low level of risk, and meet the parameters

to the sea and emissions to the air in the Barents Sea.

acceptable working environment and take care of the challenges created

The Goliat devel opment was to

-related topics.

anal yses

(Source: Acona)

and

-related topics assessed by the operator

The facility would also have a fully
by the climate.

be based on the HSE

regulations, including the international and national standards referenced in these rules o}

primarily those from the ISO/IEC and Norsok . The
other similar installations

Acceptance criteria were established by the project for:

1 personnel risk when on or being transporte

facility is d ivided into fire areas as on

d to/from the platform

1 personnel risk for particularly vulnerable groups

1 probability for loss of
1 pollution from the platform.

main safety functions on the platform

These criteria were to be regarded as minimum requirements, and efforts would be made to

develop solutions which reduce
and abo ve the criteria (Alarp processes).

s risk to personnel,

the environment and material assets over

The project pursued analys es in parallel with concept development work, which comprised

hazard identification and qualitative and quantitative risk assessments. See

Figure 3-14.

Personnel risk was illustrated and quantified with calculated FAR values. The biggest

contributions came from

process
helicopter transport
work -related accidents
tank accidents

ship collision s

risers.
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Fire and explosion analyses were performed for the platform. To minimise the consequences
of possible riser leaks, plans called for SSIVs to be installed upstream of the flexible
production risers , with opportunities for manual blowdown of these

With an eye to collision risk, the traffic pattern of tankers, fishing boats and other vessels in
the area was mapped in addition to the known frequency of visiting shuttle tankers.

Calculations for the facility showed that the hull had sufficient streng th to withstand the
defined accident load. Sectioning of the hull prevents it from sinking as a result of collisions

with ships. All oil storage tanks a  re well protected behind ballast water tanks , which form a
double well and bottom structure. All conduct ors for pulling in risers and umbilicals from

the subsea installations , as well as power transmission cables from land , were incorporated
in the ballast tanks because that provide d good protection against the external environment
and collision loads.

Specific recommendations for further work on the PDO embraced:

1 climate -tailored design solutions

9 detailed explosion simulations

1 evacuation and fire load studies

1 continued work on Alarp evaluations

1 continued work on means of evacuation (lifeboats).

3.2.8 Risk understanding and worker participation
Involvement by workers/safety  service/unions in the early/planning phase was minimal

At the time, Eni had no separate department for offshore production opera tions in Norway.
However, some project participants had previous production experience.

Looking at r isk assessments presented inthe  partnership before PDO submission indicates
that the project was preoccupied with Barents Sea conditions and requirements, reservoir

understanding, and well and logistics challenges. In retrospect , it can be seen that virtually
all these risks were handled in a good way (because they were identified and therefore dealt
with).

On the other hand, little can be found on such subjects as:

expertise/available capacity in the supplie r market

EniNorged s ¢ o mp et anpleneentihgoardemanding project in the Barents Sea
the Milan head of fi cedwegiannedqurementsamidultureg of N
a correct HSE culture and requirements for quality in the execution

strategy for contractor/supplier follow  -up (including realistic schedules)

establishing a production organisation , With all associated procedures and syst ems

in place , in good time before start  -up.

E ]

329 ASD/government 6s assessment of the PDO
When considering the PDO, the ASD and the PSA had the following comments:

The Petroleum Safety Authority Norway recommends that the plan for development and
operation of Goliat be approved. The Ministry of Labour and Social Inclusion supports the
Petrol eum Safety Authority Norwayds concl usi on

Preventive safety work will reduce the probability for acute discharges/emissions to the

natural environment from petroleum operations . The HSE regulations are risk -based 9 in

other words, safety and emergency preparedness measures must be proportionate to the

risk in each activity. Among o ther things, this ensures that solutions for preventing acute

pollution and for dimensioning oil spill response are tailored to the
character and location. The regulations require in part that region -specific conditions are

taken int o0 account when managing risk in the sea area.

This means , for example, that stricter requirements are set for the activity in vulnerable
areas than in those which are less vulnerable. The consequence is that activity in
vulnerable areas can involve substan tial additional costs for the industry in the form of
technology development, acquisition of knowledge and expertise, and operations, even
though the regulations are unchanged. Strict regulation and supervision in the petroleum
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sector represent important ¢ ontributions to preventing and combating acute oil spills.
These measures are therefore combined with an increased commitment to auditing
petroleum activity in vulnerable and valuable areas.

The established regulatory and supervisory regime for the petrole um industry will thereby

also contribute to taking care of HSE with possible new activities and in vulnerable and

valuable areas. In addition, the operator must obtain the Petroleum Safety Authority

Nor wayds consent t o st ar t i ng plichtion, ItHe i opegatorantusti vi t y .
document to the government that it is able to implement the planned activity in

accordance with the regulations.

3.3 From DG2 to the selection of main contractor
3.3.1 PDO process

Following the official choice of concept in J anuary 2009 , Sevan was awarded a p ost-Feed
contract to continue developing the basis for a new tendering round. A concept fee for the
Sevan concept was also agreed

An ITT was issued in June 2009 to the following consortia:

1 Aker Solutions/Samsung
1 Saipem/DSME
1 HHI (CB&l as engineering subcontractor)

The contract was awardedto  HHI on 5 February 2010 .

It became clear in this phase that the technical basis from Sevan had majo r weaknesses.
That related primarily to the topsides , which represent the bulk of the costs for an FPSO.

Analyses of weight, weight composition, density and space utilisation can provide good
indications of the quality and robustness of the basis. Sevan had clearly failed to provide
sufficiently qualified expertise and methodology in this area during the Feed phase.

Weight control was crucial for maintaining control over the project. First, a strong

correlation exists between weight and costs. Both material and fabrication costs are
proportional to weight. However, this does not mean that driving down weight always pays
off. Exaggerated weight optimisation causes excess equipment density, which is unfortunate
both for operations and safety , while mak ing construction more complicated.

Weight and its distribution (centre of gravity), particularly on floating facilities, can be
crucial for buoyancy and stability in every phase: construction, transport, installation and
production .

Post-Feed work showed t hat the quantity of equipment had been underestimated and that

space was far too limited in certain areas, illustrated by key figures for density and space
utilisation. Major changes were made to the layout and estimated weight rose from 18 202
tonnes (see the PDO)to 21 009 tonnes (see postITT , December 2009, rev A).

Costs/market rose by more than 100 percent from 2004 to 2008, and then became more
constant. This was not taken fully into account in the cost estimates. The PDO/DG3 was

submitted in February 2009 with a cost underestimate. According to information from the

interviews, partner Equinor added several billion kronerto Enids esti mates i n it
decision and thereby found the economics to be even more marginal than the government

could read from the official PDO document. In other words, the project was marginal, with

an underestimated facility and an overoptimistic ex ecution plan .

The PDO was submitted on 28 February 2009 , and this date is also referred to as DG3. In
the view of this study, that was too early in relation to project maturity . However, oil policy
in northern Norway (Lofoten and the Barents Sea) was a hot topic in the general election
campaign at the time. Securing a Storting decision in the spring of 2009 was also important
for those who felt it was necessary to get projects under way in the Barents Sea.
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3.3.2 The MPES sssessments and conditions 9 Proposition no 64

Summary : Given expectations at the time for costs, production and oil prices, the Goliat
development was assessed as marginally commercial by the licensees . Its robustness to
reduced oil resources, higher investment costs and oil prices below current forecasts was
low . The licensees therefore included a reservation in the PDO that they would review

project profitability before awarding contracts in the autumn of 2009.

The gas would be injected for pressure support during an initial phase, but was expected to
be recoverable at a later date.

A plan on increased use of power from shore on Goliat would be submitted by the licensees
to the MPE as soon as the regional electricity supply posi tion strengthened, but in any event
no later than 1 January 2010.

Conclusions and conditions : The MPEapproves the plan for development and operation
of Goliat i n accordance with the plans presented by the operator and the observations
communicated in the Proposition, and on the following conditions

1. The operator must assess whether capacity can be increased in the transmission cable
for power from shore . This ass essment must be submitted to the ministry before a
contract is enter ed into with the cable supplier . The ministry can order the operator to
increase the capacity of the cable

2. Provision must be made for connecting an additional cable for transmitting power
from shore to the facility .

3. The licensees must inform Statnett SF not later than 31 December 2009 of
consumption requirements related to full power from shore from 2017.

4. Plans must assume a strengthening of the central grid in the Hammerfest area in

201 7, depending on the licensing process
5. Two years before the field comes on stream at the latest, the operator must submit a
plan for disposal of gas from Goliat to the ministry. This plan must include an

opportunity for disposal of gas from Goliat from th e time the field comes on stream

6. In light of special challenges in the far north and the Goliat fi el dds proximity to |
oil -spill preparedness must be given a very high priority

7. The operator is expected to follow up measures which will increase the local and

regional spin -offs from the Goliat development.

Comment: This indicates that the robustness of the project was considered low when
approval was given, and that the government was particularly concerned with environmental
consider ations and resource utilisation.

3.3.3 Contract strategy

Figure 3-15 presents a diagrammatic overview of which contractors/organisations would be
responsible for va rious parts of the work of executi ng the Goliat project . As can be seen, a
great deal was left to EPC contractors. The success of such a contract strategy depends on a
good and precise definition of the scope of work for each contract. It also requires the

contractor to have developed good and relatively detailed plans for how to conduct detail

design of the facility, how to carry out materials procurement and, not least, how to build

the facility (construction philosophy). None of this was in place to a go od enough standard
when the contracts were entered into.
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RECOMMENDED GOLIAT PROCUREMENT STRATEGY :
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Figure 3-15. Contract overview for  Goliat . (Source: Eni)

The consequence of the hasty decisions was a weak Feed basis with fairly serious
underestimating, which was only partly corrected by the post -Feed study.

Underestimating weights created problems for deta il design and gave direct rise to cost
increase s. An experienced partner like Equinor should have raised this with the operator.
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3.4 From contract award to start  -up
3.4.1 First phase after contract award to HHI 6 2010 -11

The Goliat FPSO contract was awarded to HHI on 5 February 2010, 10 days earlier than

planned, and the subcontract for OHHI with &€B&lamthgi neer i ngd
same day. The constellation of  HHI/CB&I with assistance from  Sevan seems risky given the

earlier experience of these suppliers with  international deliveries. Sevan had carried out little

in the way of fabrication studies that far, which meant little detailing of the construction

method had been done and big changes became necessary

Good practice for concept development covers fabrication studies 0 in other words,
equipment layout, modularisation and hook -up 6 combined with good system  atics for
weight estimation. The  Sevan concept is not designed for efficient construction. Se e Figure
3-16. Nor does it appear that construction was an important issue before the contract award

to HHI.

\ Topsides Eng'g
= by CB&I

v T EL. 44000

Hull Eng'g by HHI

e

Figure 3-16. Goliat sectioning. (Source: Eni)

As early as March, it was reported that HHI was behind schedule on the mobilisation plan,

and it became ever -clearer in subsequent months tha t progress with detail engineering of
the topsides was poor . The players (operator and EPC contractor) had little experience of
large and complex projects, and little learning or experience transfer appears to have

occurred in this phase.

Substantial weight increases for the topsides were reported in September 2010. See also the
separate section on weight. The weight issue attracted great attention in the following
months. Weight estimates continued to rise, but began to decline after weight -reduction
measures were instituted and stabilised at a level considered acceptable in terms of

transport and operational stability. However, reserve ca pacity for future loads declined.

Lack of progress in detail engineering was reported as a main problem throughout the first

year after contract award. The construction method chosen also resembled bui Iding a land
plant rather than a n offshore platform, wi  th optimising simple prefabrication given priority
over weight optimisation. Weight increases were not seen as an HHI problem.

The large number of topsides sections hooked up on board led to a massive accumulation
of work on the actual platform.
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CB&l was d emobilised after eight months of global engineering in London . Its collaboration
with HHI functioned poorly. The contract awarded by the latter to CB&I lacked the right
commercial incentives to do a good and thorough job.

Engineering procedures are  HHI were assessed as acceptable, and detail design was
transferred to it despite concerns over its lack of experience with Norsok standards. Efforts

were made to compensate for this with courses, but it was found that personnel taught the
Norsok standards were o ften moved to other projects.

3.4.2 Assessment of weight and cost control
Weight control is crucial for maintaining control of a project of this type.

1 Strong correlation between weight and costs
1 However, excessive equipment density is unfortunate for construction -friendliness,
safety, operation and maintenance.
1 Weight and its distribution (centre of gravity) can be critical for stability and
buoyancy in every phase, from construction and transport to installation and
operation.
1 High initial weights red  uce flexibility with regard to future expansions or
modifications.

The weight challenge relates primarily to the topsides. With the Sevan concept, topsides and
hull weights are in the same order of magnitude, but the former costs a lot more and has
high ce ntre of gravity , which is significant for stability. The hull has posed no problems
worth mentioning.

All the signs are that expertise has been inadequate in the early development of the Sevan
concept and that insufficient attention has been paid to weight , weight estimation and
weight control

Based on the Feed study, the PDO (18 February 2009) specifies dry weights of 18 202
tonnes for the topsides and 33 166 for the hull .

An estimated cost was presented in December 2009 (post ITT, December 2009, rev A) with
dry weights of 21 009 and 30 727 tonnes for topsides and hull respectively

The topsides weight estimate remained stable until September 2010, when big weight
increases were reported. This attracted great attention. At that time, the estimated dry
weight for the topsides was 30 000 tonnes .

A special work group was established for weight, and technical reviews were arranged o}
including one with Equinor. It was established that HHI had a good grasp of weights in the
various disciplines, that  reporting was detailed and accurate, but that HHI was conservative
with regard to unforeseen weights and showed little concern for keeping weights down. HHI
gave priority to simplifying design and construction rather than optimising  weight.

Opportunities  for weight reductions were identified, and a new level for topside dry weight

of about 28 500 tonnes was established in the spring of 2011, which was maintained

throughout the rest of the project. This is illustrated in Figure 3-17, which also shows that
the hull presented fewer problems.
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Goliat weight development

Figure 3-17. Weight development for hull and topsides. (Source: Acona)
This level for weights brought the position under control with regard to both transport and
stability/buoyancy in the production phase, but it has been significant for flexibility in

relation to future modifications and possible expansions of the facility. See Figure 3-18.

Reserve
Future weights/loads
Variable loads

Dry weight

After the weight increases the calculated reserve is negative => reduced future flexibility

Figure 3-18. Weight categories and reserve.  (Source: Acona)

Topsides dry weight provides the basis for cost calculations and is an important figure for

weight reporting and control . Normal practice is to divide it between equipment weights,
bulk weights per disciplin e and construction steel. Weight composition varies from platform

to platform, but a marked deviation from the average should be investigated in more detail.

Figure 3-19a presents discipline weights in relation to equipment weights. Weights for the

Goliat topsides are compared with average values for 16 different platforms . Figure 3-19b
presents discipline weights as a percentage of total dry weight for Goliat and for the

reference projects.

The figure shows that Goliat has high bulk weights and a lot of construction steel in relation
to equipment weights . Bulk weights for electrics and piping are unusually high. Why this

should be the case has not been fully clarified, but a possible cause is the fairly unusual

topsides layout as a result of the circular h ull. Where electrica | systems are concerned, it is
reasonable to suppose that the concept with both power from shore and offshore electricity
generation, along with winterisation, ha s been significant.
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Discipline weights - relative to equipment Discipline weights - percent of total weight
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Figure 3-19. Analy sis of discipline weights. (Source: Acona)

3.4.3 Sevan concept 0 construction

Good practice for concept development includes fabrication studies. Emphasis must be

given to equipment layout, modularisation and hook -up, combined with good systematics
for weight estimation. Based on long experience, a practice has been established for

offshore facilities which recommends assembling equipment in a few large modules with

well -defined interfaces. That provides opportunities for building modules and the support

struct ure in parallel. A limited number of interfaces minimises hook -up work. This practice
splits work between various fabrication sites and reduces overall construction time

The Sevan concept is not designed for efficient construction. It appears that this wa s not an
important issue before the contract award to HHI . The approach described by HHI involve d
building the hull entirely in dry dock , with the topsides installed on the completed structure.

The topsides were to be constructed as a large number of small sections, which were then
lifted on board for assembly into larger units. This led to a massive accumulation of work on

the actual platform, which is assumed to have had a big impact on productivity. In other

words, a construction method was chosen which more closely resembles building a land

plant than a modern offshore platform.

This choice was a consequences of the actual Sevan concept, because the circular h ull made
it difficult to adopt topsides mating or lifting of large modules. Post Goliat and ont he basis
of new studies , however, Seven has proposed that large modules should be built and that

the radial support system be replaced by rectangular systems. An orthogonal support

system would have given better volume utilisation and simpler construction. Module
installation could be conducted as a combination of lifting and skidding.

3.4.4 Ability of the platform EPCI contractor to accept turnkey responsibility

A reimbursable price format was primarily applied in the EPClcontract. In other words, up to

85per cent of the costs were paid against invoices.

top management for a fixed  -price contract.

The EPCI contactor failed fully to fulfil the contract/responsibility concerning management/
follow -up of subcontractors, prog ress reporting, costs/change orders, updated plans,
guantification of the risk picture with measures and so forth. The project had major
deficiencies in management and risk understanding. HHI lacked E and P expertise, but
nevertheless wanted to manage itse  If. Work was substantially delayed from the start. The
technical basis had been little matured and the whole EPCI execution was distorted.

With the initial collaboration over engineering between HHI and CB&l functioned very badly ,
progress on maturing and  detailing was minimal in the early period . Eni ended up putting
25 of its own staff on the case, while HHI had five people followingup  CB&lin London. The
scop e of engineering was also underestimated by about 1.3 mill ion hours in the tender,

when experien ce from similar facilities would have given more than three mill ion hours .

The quality of the engineering design work done and the follow -up by HHI were so poor that
Eni checked much of the documentation and drawings itself.
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The project made negative progress for several months because of correcting faults and
deficiencies. CB&lI &6s expertise with and understanding
months, HHI in Korea took over the rest of the engineering design work but also had a

substantial shortage of engineering expertise with this type of facility.

Another area which caused substantial problems for the quality of the facility as well as a
big cost increase was procurement of materials and equipment (the P in EPCI).

HHI was responsible for procuring and following deliveries of materials and equipment. The
description of work scope and  the delivery specifications w ere initially inadequate (to a great
extent because of problems with design progress and expertise)

In addition, HHI made a minimal effort to follow up this part of its EPCI responsibility.

Ulti mately, that forced Enids project orgoadi sation toc
measure was put in place far too late, which meant deliveries were late and of inadequat e

quality & and produced in turn rectifications and delays in the construction phase. A good

deal of the deliveries came from Norwegian suppliers. An important observation is that

these deliveries were on average no better than those from international or Korean

contractors. In other words, the failure lies with the organisation responsible for the whole

procurement process.

The construction method from Sevan/HHI basically lacked detail, and a number of big
changes were made. Since Goliat was a small player at the yard, occupying five per cent of
its capacity, the project had problems obtaining priority and manning was low at first

HHI 6s yard has &30 @@awoeers. At full capgacity? the majority are hired in
from subcontractors. That normally has a big negative effect on productivity.

Permanent
Personnel;
3734

Fabrication
Subcontractors;
11174

Figure 3-20. Manning overview HHI. (Source: Eni)

Large parts of the construction were allocated to the shipyard, which lay eight kilometres

away and which traditionally worked on simple standard products. Productivity plunged
completely in the spring of 2015, and quality was so bad that the project lost three -four
months of progress. The number of workers on the topsides was initially high. All the

changes and rectifications required worsened the position considerably and resulted in very
poor productivity

3.4.5 HSEat the construction site

The order backlog at HHI was very high during the construction of the Goliat FPSO, and the
number of employees and contract workers rose substantially. HSE statistics from the Goliat
FPSO project show that the yard faced big and g rowing challenges in maintaining personnel
safety. In particular, the relationship between the frequency of reportable conditions/

incidents and serious incidents changed dramatically in mid -2014, and serious incidents
exceeded reportable incidents in freq uency. This shows that HSE management at the yard
was deficient or absent. Responsibility for HSE supervision at construction sites always rests
with the national government (in this case South Korea).
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This negative relationship between the two HSE statist ics persisted until fabrication was
completed . However, the lost -time injury frequency remained relatively stable throughout.

Eni Norge had a relatively large HSEpresence at the yard from the start. This largely
comprised consultancy, but the group was ex panded in 2013 by two additional Eni Norge

staff. The company established a group at the yard to follow up compliance with Norwegian
regulations. Enids organisation at the yard had dedic
environment aspects

Eni ran several training programmes for HHI personnel , including work at a height, an

introductionto  Norsok and flange control. A programme to improve HSE understanding at

the yard was also launched early in the construction phase, and a customer group was
established to pursue and follow up the yardds HSE ac

understanding was deliv ered by an external consultant (JMJ Associates with the incident and
injury -free (IIF) programme) and was actively followed up (and paid for) by Eni and other
yard customers.

This initiative worked with HSEawareness and direct training of HHI personnel. M ore than

1 300 people had undergone this training by 2013. Big signs showing HSE status were

erected, and access control imposed for the facility. HHI opted in 2014 to terminate the

consul tantds work and continue the withthegcustommdrve i tsel f.
groupds wishes, and HSE results also became must wor s

The effects of the training were undoubtedly challenged by the big turnover of personnel.

Eni introduced a work permit system for activity on the Goliat F PSO, which was managed by

HHI under Eni 6s orders. Eni conducted a construction
participation, even though this was probably rather late in the day. Furthermore, sea trials

and departure (including HSE) were largely planned by Eni, which demanded the involvement

of a third party in the trials.

Quality control has clearly been deficient, and follow -up from Eni was not good enough. The
quality control unit had no manager during the final part of the project, for example, and

the function/person for following up preservation was only present for a short period of

2013. Nor was third -party follow -up satisfactorily defined and followed up by Eni, and was
thereby not done (to any great extent) by HHI. Eni mobilised its contractor f or checking
lifting equipment at the yard towards the end of 2014.

Eni Norge neverth eless considers the HSE statistics during the construction phase to have
been generally good. See Figure 3-21. The exception is the three deaths which occurred o}
one at the start of fabrication and two close together towards the end

1. 30 May 2012. One person die d from lack of oxygen after climbing in to inspect a
weld in the ballast water system. The investigation report identified the main cause
oftheincidentas: 61 ack of proper management of team compo
activities versus risk relatedtoong o i n g wlbalsk stated that inadequate
attention was paid to HSE, thanks to poor  or no training.
2. 24 October 2014. One person died after being hit by a dropped object (flare tip).
The investigation report found that the main cause of the accident was th e limited
attention paid to safe working and safety procedures. It also identified inadequate
work supervision on Goliat as another important contributor to the incident.
3. 27 December 2014. One person died after being crushed between a lift load and the
liftt:shaft wall. The main reason was identified as t|
the failure to provide him with adequate training.

The common denominator of these three fatalities is lack of training and poor management
at the const r ucHSEoesultssvere so weaklinl20084s -15 that they attracted
attention far beyond South Korea and the yard eventually instituted drastic measures to
reverse the negative trend.

It later became known that many of problems with Goliat revealed during start -up and
operation were caused by inadequate follow -up of quality in the engineering and
construction phases. Many complex causes and contexts explain why the FPSO was
delivered to the operations organisation with such a large number of faults and deficiencies.
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Buu Eni 6s management for fabrication and completion i
which could have made a significant difference if responsibility for quality and safety had
been dealt with in a better way.

Goliat project 2010-20186 (incl. March 2016)

/ ok 1 e e
Py SN TRE LTW

Figure 3-21. Goliat HSE statistics. (Source: Goliat development pr oject close -out -report)

3.4.6 Completion of the Sevan plat form

Completion of the project was included in the EPClcontract 8i n ot her words, Otur nke
sy st e Aygad stay in Norway estimated at NOK 500 million was included in the terms.

The completion person nel/system were replaced during the execution, which meant there
was little continuity and new consultants with limited experience arrived. Documentation of
what was done and not done at the construction yard was incomplete and deficient

Actual status accorded poorly with punch lists and other documentation. That posed a very
considerable risk for the completion phase in Norway and for a safe start -up.

If th is had been known & and it oughtto have been & it should have resulted in a stay at a
yard in Norway to ensure a full overview of the remaining scope of work before the platform
was towed out to the Barents Sea. That would have ensured a safer and probabl y earlier
start -up as well as better quality in the work done and lower costs.

3.4.7 Quality of risk management

Risks were identified and visualised in risk matrices, usually as red risks with substantial

consequences/high probability, but it is difficult to det ermine whether actions were initiated

and followed up. These actions were also allocated surprisingly often to people outside the

project team, such as require d meetings with Eni s t op management and HHI .
quality and delayed delivery, increased i  nspection and follow -up should have had priority.

Risk meetings were organised with the executives from operator and contractor present,
and critical red areas were identified, but it is again difficult find specific action being taken
and the lack of fol low-up does not appear to have had any consequences.

Despite big weight increases early in the project and poor progress with detail design,
expectations of cost increases were not reported until 2012. Reported cost rises came in

2012 -16, at NOK 6.2 billio n in the first year, then NOK 1.4 billion, NOK 7.8 billion, NOK 1.2
billion and NOK 1.6 billion d in other words, a total of NOK 18 .2 billion .

Compliance with contractual terms is not achieved without devoting substantial resources to
management and verification. Follow  -up of procurement packages calls for surprisingly large
resources to achieve good quality at the right time and cost. That appli es to deliveries from
both Norwegian and foreign suppliers.
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Experience from other projects indicates that both Norwegian and foreign procurement
require the same level of (intense) follow  -up to ensure that the specified quality is met

In addition , the customer generally  participates actively/with substantial human resources
throughout the process from specification/tender evaluation to approved delivery, even

though formal responsibility rests with the E PC(I) contractor. Eni took too long to becom e
invol ved on Gol i at-upwksheak and of madeqliabel qlialityw

Quality risk i n procurement was not identified as a serious issue in the project until far
along the track. A number of actions were taken on the basis of these analysis, but wit hout
much effect.

3.5 Subsea installations, drilling and well operations
3.5.1 Project execution for subsea installations
Project execution for the subsea production system (SPS

Following a tendering round,  Aker Solutions was awarded a contract in 2009 for

engine ering, procurement and assembly of the subsea equipment for Goliat. The contract
covered 22 wells (11 oil producers , nine water injectors and two gas injectors ) in eight four -
slot templates with associated control equipment and spare parts. Ak er Solutions also
secured a service contract in 2013 for assistance in installing the seabed equipment

The contract awarded in 2009 was based on established stand ard terms for the NCS. It
covered 11 work packages split between subsystems and work assignments

Feedback from Eni on the execution of this contract is generally positive, but with some
critical comments directed at  the turnover of key personnel and some inadequate exercise
of quality control and reporting.

The seabed equipment used on  Goliat basically comprise s standard components used on
many subsea fields. Because of special requirements for Goliat , however, 37 technical
qualification programmes were initiated and implemented. This was a substantial number of
elements, which demanded much e  xtra time and attention during project execution

In particular, challenges with wellhead fatigue and injection of wet gas for gas lift created a
need to qualify new technology. All the qualifications were successfully implemented in the
project. Three co mments can be made in that context:

1 more thorough preparation of the design and contract base would have reduced the
number of qualifications

1 delays to the FPSO provided better time for carrying out the qualifications

I Enifelt astrong obligation to make G  oliat as good a facility as possible .

The project was executed by Eni and Ak er Solutions in a well -established and practised
manner for this industry . Technical and commercial personnel from Eni managed and
followed up the contract at the various construct ion sites used by Ak er Solutions .
Registration and follow -up of nonconformities  were handled and reported in accordance
with established routines and normal standards.

HSE: Fifty -five HSE incidents were registered for the contract with A ker Solutions from 2010
to March 2016. None of these were in the red category. Many incidents occurred at the start

of the fabrication process. After attention had been devoted to the issue, however , a
substantial improvement was no  ted.

Project execution flowl ines, umbilicals and risers

A Feed study for flowlines and risers was conducted in 2008 by Dutch company Intecsea. It
had the following scope:

1 field layout

1 design of flowlines, protection and connection
91 design of electrical heating for flowlines

1 installati on
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1 costs and planning.
Eni reports that this study displayed good quality .

The d esign base was used in a tendering round during the autumn of 2009. Technip Norge
won the contract, which include d design, procurement, construction and installation of

1 flowlines and risers

1 flexible pipelines

1 umbilicals (delivered by Aker Solutions )

1 templates with emergency shutdown valves (delivered by Aker Solutions ).

Technip Norge split the job into a number of subprojects and entered into contracts with
about 20 key subcontractors. Work offshore was conducted in the summer seasons of 2011 -
15. The scope of work and schedule was tight, particularly considering

9 the need to alter pipe line and cable routes owing to field layout changes
1 qualification of new technology o directly heated electric cables

1 handling of fibreoptic connectors (delivered by Aker Solutions ).
The contractor aimed to complete its part of the work on Goliat within t he original schedule
Because of the delay with the FPSO, however, this part of the project also had to change
plans.

HSE: According to Eni, 67 HSEincidents were registered for this area, including four with a
big potential for harm . Management attention on this issue by Eni and Technip led to a fall
in the number of incidents , and better control of the work was thereby established

Completion of subsea installation, flow lines , risers and umbilicals

After hook -up, the subsea installati on, wi th flow lines, risers and cables, was pressure and

function tested in accordance with Norsok standards &
documentation and procedures were prepared by the respective suppliers and collated by

Eni.

3.5.2 Drilling and well
Goliat has 22 wells divided between eight templates. It has two separate reservoir zones:

1 Realgrunnen , 1 200 met res below sea level
1 Kobbe, 1 800 met res below sea level .

The wells include oil producers and water and gas injectors. Two of the wells are
multila terals. Given its depth, the reservoir has normal pressure and temperature.

Owing to depth, pressure and temperature, these wells were relatively straightforward to

drill. The original (PDO) estimate was 1 104 da ys, while 1 174 were used. The main reason
why days used exceeded the estimate was the difficulties which arose from using water -
based mud to drillthe 12 %- and 8 %2-inch sections in the first wells

Eni has assumed that discharges to the sea from drilling wells on Goliat will be as small as
possible, defined as zero discharges. This is described in the following way for the Scarabeo
8 rig used on Goliat ( extract from the annual report for consumption and discharges on the

Goliat field for 2017):

Zero discharge work for dr illing wells on the Goliat field includes assessments of
chemicals/ consumption groups and discharges of drill cuttings to reduce risk and
consumption, as well as opportunities to cut the quantity of drilling waste. Other
important measures are the use of p  hysical barriers on the rig which prevent discharges of
waste and wash water to the sea. Similarly, drainage is separated so that clean and dirty
water end up in separate tanks. Routine checks are conducted systematically on the rig to
monitor that the bar riers are intact and that zero discharge routines are followed. Zero
discharge measures are listed below:

91 double physical barriers on all lines to the sea
1 adequate tank capacity for oil y water
9 liquid additive system (LAS) for controlled dosing of ~ cement chemicals
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1 system which provides good accuracy and controlled use of chemicals
91 all areas were oil and chemical spills could occur are connected to a closed drain system
1 two independent systems for checking slip -joint gaskets on risers.

Areas around c ellar -deck openings and where discharges could go directly to the sea have
raised edges to prevent such discharges . Discharges of cuttings are assessed from a waste
minimisation perspective with the aim of reducing the quantity of cuttings discharged ,
[which] means smaller discharges of drilling fluids.

Comments and observations related to drilling wells on Goliat

The issue of wellhead fatigue was raised in full vigour in the industry  at the same time as
Goliat was to be developed. This had  the following consequences

91 the wellhead design had to be altered
1 36-inch rather than normal 30-inch conductors were used
1 the heavy BOPon Scarabeo 8 was replaced with a new and smaller unit.

Eni applied Norsok D-010 for barrier testing.

Scarabeo 8 was a new rig and its crew took some time to exploit the effect of a twin derrick.
Attention was paid to equipment testing before the facility was taken into use. Logistics

were a challenge. The drilling and completion programme was developed jointly by Eni
Norg e and Eni in Milan .

HSE work on the rig functioned well. The stop card method was used. Parallel operations on
subsea templates were well -prepared and observed all requirements and guidelines
established for the NCS.

Summary

Drilling and completion of wells on Goliat w  ere performed in a satisfactory manner with
regard to HSE, technical quality and costs. The technical condition of the 22 wells after three
years of operation is evidence of that.

3.5.3 Power from shore

Supplying power from shore to the field was organised as a separate subproject, covering
cable fabrication, laying on land and at sea, and pull -in/connection to the platform. A new
transformer station was also built at Hyggevatn.

Power from shore was identified at an early stage of the project as an activity area with high
risk and the need for further technology development. It therefore attracted great attention.
Installation of the system was completed in July 2014, and it was constructed and completed

in accordance with all the r  equirements and conditions set by the NVE.

The submarine transmission cable had been laid by the third quarter of 3014 and readied

for pull -in. Connection to the platform occurred in May 2015, followed immediately by

testing. The cable has been the main so  urce of power for Goliat since mid  -June 2015 and
has operated subsequently with good regularity.

3.5.4 Loading system for oil export s

The loading system contract was awarded to the APL division of BW Offshore AS in June
2010, and covered the turnkey delivery of a fully tested system. Considerable development
and testing was required to specify the system. The loading hose for Goliat was the first

with these dimensions to be stored on a reel while also being approved to API 17K. The
amount of testing which proved necessary was underestimated by both the contractor and
Eni.

Installation of the loading system went as planned, but the water depth meant testing could

not be completed before arrival on the field. The first hose roll -out to a tanker therefore
occurred in  June 2015, with the first loading operation conducted in March 2016. After the

loading system became operational, damage to the hose was discovered and segments of it
have been replaced. Visual inspection also revealed damage that could be repaired before
becoming critical.

53



3.6 Offshore hook -up and completion
3.6.1 Execution strategy for remaining FPSOwork in Norway

Transport/ installa tion (the 1in EPCl)was included in the original ~ EPClcontract . Eni chose to
remove these activities from the contract and handle them itself . The original plan called for
a yard stay on the Norwegian coast for final readying before installation on the field.

The main reason for going directly to the field seems to have been time -related. A yard stay
would have delayed tow -out to Goliat until the spring of 2016 and start -up to the third
quarter of 2016 at the earliest

If the project team had possessed a better overview of remaining work and accompanying
faults and deficiencies, a different decision would almost certainly h ave been taken.

3.6.2 Marine installa tions and completion

The Goliat platform left Korea on 12 February 2015 and was transported to Norway on a
heavy-lift ship. It arrived in  Hammerfest on 17 April 2015.

1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q
Transportation from Korea; departure 12.02.2015 —
Arrival Hammerfest 17.04.2015 v
Ready for manning 30.04.2015
Start tow-out to field 07.05.2015

v
v
FPSO moored on location 16.05.2015 v
System for offshore loading tested 29.05.2015 v
Power cable from shore tested 01.06.2015 v
Hook-up of risers 18.05. — 22.06.2015 -

Flotel 07.06.2015 — mid. November ——

Preparation for production
Hand-over to Operations 31.12.2015; punch work and modifications A\ B N § N J]

Produktion start 12.03.2016 v

Production
Figure 3-22. Mile stones in connection with installation and start -up. (Source: Acona)

The platform was read vy to be manned on 30 April 2015, and tow -out to the field beganon 7
May 2015. Mooring had been completed by 16 May 2015 . The risers were pulled in and
connected between 18 May and 22 June 2015. At the same time, the various systems were

readied and tested & for offshore loading, power from shore and so forth . The transport
stage, mooring off Hammerfest and installation on the field were performed without major
problems.

Because a great deal of work was outstanding, preparations to come on stream were
delayed. The development project was formally terminated on 31 December 2015.

3.6.3 Increase in scope of work

On departure from South  Korea, the management of Eni Norge was aware that a not -
insignificant amount of carry  -over work remained to be done on the Goliat platform , but the
fabrication management had actively downgraded the criticality of deficiency comments over

a long period. See, for example,  PSAaudit of June 2014). It has also emerged from

interviews of Eni personnel that this practice involved not only to downgrading, but also

failure to register critical and non -critical error notifications . A long series of deficiencies
and faults was ondihshoakv-@mperiaddd dur

firewater system: not tested in advance, rearrangement

firewater pumps: vibration and leaks

electrical c ables: serious deficiencies in relation to Norsok , surplus cables
hydrauli ¢ system: leaks

living quarters : deficiencies in relation to functional requirements

=A =8 -4 -8 -1
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SAS:limited capacity created problems in operating the system

Hummervoll coating: much crack formation

painting : extensive repairs needed in many areas

nitrogen h elium testing: large number of leaks in ¢ onnections

platform cranes: big problems with keeping them in regular operation

air compressors : vibration and so forth created problems for maintenance and
operation

1 pressure safety valves : corrosion problems because of poor preservation.

=A =4 =4 -8 -4

The list was eve n longer, and showed that the level of quality control with associated
documentation must have been unacceptable when the platform left the yard. This was a
responsibility which rested on the project organisations at both HHI and E ni.

It also transpired th at other extensive modifications were required in the following areas.

1 Ballast water system: changes required to conform with Norwegian requirements.

1 Seawater injection into the reservoir for pressure support . it transpired soon after
start -up that the seawater was not sufficiently treated to be able to flow efficiently
into the reservoir. A temporary treatment plant was installed, which increased the
volume of work required while bringing the platform on stream. Tougher
government requirements  on water injection introduced at a late stage in the project
were the main reason for this. But this type of challenge can also be generally traced
back to inadequate acquisition of reservoir data in the planning phase, and reflects
the importance of acquiring such information and conducting well testing before the
decision to develop a field is taken. This represents a dilemma in that well testing,
with associated flaring of oil and gas, conflict s directly with the desiret o be seen to
be taking the most environment  -fri endly approach possible

It was decided to implement these modifications after the platform had come on stream.

Figure 3-23 lists the total amount of work carried over for completion after platform start -
up.
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5.1 Goliat extended scope

Ballast Water system

Fire Water

Seawater System

2 Additional Xmas trees (capital spare)

Water Injector Workover

Material Handling and Logistics Improvements

Punch Work Transferred to Operational Phase
Punch Work Related to Tagging and Labeling
Permanent Insulation of Jackets and Boxes
Commissioning Punch Work Transferred to OPR. PHASE
Transfere Punchwork data from Procosys to IFS
0TS (Operation Training Simulator) upgrade
Reproduce Power System Alanysis
Repair of Heat Traced Escapeways
Reinforcement Temp Repair 247 3W line
Implementation of EniTime Tools
Review and Update Fire Control Flans
As-built Assistance
Potential Dropped Objects - Insufficient welding
Remaining electrical campaign
PAGA Madifications

Gas detector layout on Main Deck

Air Compressor Modifications Study

Minor Modifications
Wl pump discharge valve bypass
Pipe Support Modifications
Rectification wark on DOP Frame at EL 76.000.

Management & Administation
Eni - Project management
Offshore Project SupenvisorManagement
ME&M - General Management & Administation

Figure 3-23. Outstanding work. (Source: Eni)

3.6.4 Commissioning and handover to operations

Commi ssioning of systems on the platform was
responsibility. But a number of contractors were hired to carry out necessary activities and
work under Eni 6s management

hook -up 9 Aibel (296 000 hours)

piping and process services  (PPS)d IKM (254 000 hours)

ISS contractor & Norisol (144 000 hours)

IECT supplier o ABB (extension of HHI and M&M contract & 404 000 hours)
subsea 0 Aker Solutions

=A =4 =8 -8 -4

This adds up to 1100 000 hours, compared with the  original scope of 60 000 plus 94 000 in
estimated carry over work . Because of the large amount remaining to be done , it was

decided to hire a flotel and  Floatel Superior was therefore chartered from  June to November
2015.

Since the platform was now offshor e with a number of systems operation al, partial consent
was given to begin using the quarters and cranes. This meant more detailed procedures

related to work permits and execution than if the platform was at a yard. The most serious
deficiencies not identi  fied earlier related to the electrical installations and cabling

The principles for handing over completed systems from the project organisation to

operations had to be revised in relation to the original plan because of the poor completion.

The outcome was a two -stage delivery procedure as shown in the flow diagram below. Se e
Figure 3-24.

All handover certificates are available in Procosys, the system used for document ing testing
and handover in the Goliat project . Start-up was in M arch 2016, but three systems had still
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not been handed over at 31 May 2016 (system 04B 0 sundry laboratory equipment , system
29 0 water injection , and system 44B 0 pro duced water , sand treatment ).

Discussions on handover of equipment led to uncertainty about the division of responsibility
and created to some extent conflicts between the project and operations organisations.
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Figure 3-24. Handover of systems. (Source: Eni)

3.6.5 Decisiononstart -up (based on AuditoR0l%®peneral 6s report

This section is based on the Audit @reserGatianbeloawisds report
an edited extract from that document.

An application for consent to bring the Goliat FPSO on stream was submitted to  the PSA on

13 February 2015. On the same day, the Goliat FPSO began its voyage from South Koreato

Hammerfest. At that point, the platform was not completed and the remaining work was to

be carried out during the transit to Norway, in Hammerfest and at t he pl atfor mds pe
location on the Goliat field inthe Barents Se a . Eni 6s expectation now was f.

100 000 barrels per day by 31 December  2015.

The Goliat FPSO was installed on the field  during May . Eni received a partial consent to begin
usingthe p | at f divinm@uarters and craneson 20 April 2015, so that personnel could be
accommodated and supplies and materials loaded on board. The PSA continued to consider
Enids consent ,apdphe statsotprioduction was postponed while awaiting a
decision . The PSA took a long time to consider the application in order to do a thorough job

on the basis of its experience at that point. According to the PSA, this was an unusually long
time for dealing with a consent.

During its consideration, the PSA conducted five audits of Eni until its consent was given
(from 15 February 2015 to 19 January 2016). The PSA also received seven whistleblowing
reports about various conditions on  Goliat during this period . Findings from the audits
indicated that problems persisted in two areas in particular d logistics and barriers
(including electrics/ignition source control)

The PSA conducted an audit of the electri  cal installations in September 2015 which
identified nine non -conformities and eight improvement points. Its audit report noted

Based on observations, conversations and information received, our impression is that Eni,
at the time of the audit, lacked an adequate overview of the scope of outstanding work
associated with completion of the electrical facilities.

The PSA also asked Equinor to assess the decision base applied by  Eni to bring Goliat on

stream . Equinor wrote a letterto  the PSA on 8 January 2016 in which it said that Eni& plan
ocontains the activities whiGolat areurs tc doree comlidutcrt eadmd e f ©
believed the plan was feasible, but perhaps a little optimistic in terms of the schedule for
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execution . On its own initiative, Equinor went through the points in the plan to assess
whether the Goliat FPSO was ready to come on stream . Its report from thi s verification was
ready on 12 February 2016. Equinor 6 s f i ndi n ghat much wdrkuweinained to be done
and that Eni lacked a full overview of what this comprised. In addition, Eni lacked a shared
understanding internally ~ of what work remained before i t could bring the platform on
stream @ including work to map and check ignition sources.

The PSA assumed that the findings in Equinor & report were followed up by Eni and Equinor.
At that time, the PSA felt it had no grounds to check Equinor & assessment , and trusted that
the responsibility for following up these findings would be accepted by Eni . Equinor told the
PSA that problems with regularity would arise after production started, but that it did not

regard th ese as unacceptable in safety terms.

On 19 Jnuary 2016 , the PSA gave consent to start using  Goliat on the basis of the
documentation in the application and clarifications made during the consideration process.

At that time, Eni had not carried out all the activities and measures in the completion plan.
The PSA accordingly made its consent conditional on

9 activities planned by  Eni before and after the  start to production  being completed
1 Equinor & verification being implemented and followed up in the licence
1 the PSA receiving a final respo nse from Equinor before start -up.

In addition, Eni was to give the PSA written confirmation that the facility was ready to come
on stream before it was finally taken into use.

Eni sent a letterto the PSA on 11 March 2016 to say that it was ready to bring  Goliat on
stream . On the same day, Equinor submitted its confirmation that Eni had done what was
necessary to produce petroleum safely. The basis for these letters was a new risk review
conducted by the licensees on 10 March 2016. On 12 March 2016, the da y after the letters
were sent to the PSA, the Goliat FPSO began producing oil . Both Eni and Equinor regarded
the conditions for consent to be met when they notified the PSA on 11 March 2016 that
production would begin. In interviews, Equinor said that it had expected completion work
would take longer, since a good deal of written documentation was still lacking. The official
inauguration of Goliat took place on 18 April 2016, the day after production from the
platform had been halted by a gas leak.

3.7 Production phase until the spring of 2019

3.7.1 Production preparations and readying for start -up
Enibs strategy was to buil d up tHangnerfest eon thd basismftheor gani s a
highest possible local recruitment. In relation to the original schedule, work on establishing

this team began too late . A number of the people recruited to it had limited experience. This
helped to reduce the influence of the operations organisation on the design of practical
technical solutions at the detailed level

Since the project was eventually delayed (by 2.5 years in all ), this should have provided a
good opportunity to complete all necessary operational procedures and personnel training
Nevertheless, some deficiencies at start  -up have been registered.

Enid perations expertise at the yard was initially provided by Norwegian consultants. After
a time, a number of the future Norwegian operations personnel were also sent to Korea, not
only to become familiar with the facility but also to help ensure that the de liveries were of

appropriate quality . Conflicts arose between the Italian project management and the

operations personnel , who failed to secure acceptance for their proposals. The whole

business ended up with many of the Norwegian consultants being sent ho me and replaced
by Eni operations personnel from Italy who were not to accompany the project to Norway.

During the first phase  after arrival in the Barents Sea, the division of responsibility between
project and operations personnel was unclear. That led t o conflicts, a number of undesirable
incidents and whistleblowing both internally and externally. The safety service was also not
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involved to any extent in the first phase. Responsibilities and roles as well as the division of
responsibility were only  clarified in the course of 2015.

3.7.2 HSEincidents after start -up

From the start of production in March 2016 until this study began, Eni Norge had notified

the PSA of roughly 60 incidents. Two  -thirds of these had their roots in a genuine incident,

whiletheot her s were false alarms. Eni has classified two
one resulting in serious personal injury. About 10 of the notified incidents concern the

discharge of small quantities of environmentally hazardous substances 8 in other wo rds,

with no potential for damaging health.

That reduces HSE notifications  for the Goliat FPSO rooted in genuine incidents with the
potential for damaging health to about 30 cases spread over almost three years since the
facility came on stream. Most notif ~ ications came in the first operating year, with annual
numbers since then roughly equal .

The incident log revea Is that Goliat had a number of running -in problems in the shape of
false alarms. It is worth noting that the safety systems reacted as intended in these cases,
and emergency response measures were quickly established. The false alarms caused a

number of shutdowns, but safety of personnel takes priority over produ ction regularity and
was well handled .

Those incidents caused by HC escapes, fires or incipient fire s were all of limited or local
scope and were all detected by the safety systems on board. Automatic reactions were
initiated for these incidents as intended, and emergency response measures were quickly
established.

A couple of incidents rel ated to power failures on board and one to failure of power supply
from shore (loss of power from land reflects incidents which Goliat operations cannot
affect). These incidents led to investigations with subsequent improvements to electrical

systems on bo ard. No evidence has been found that weaknesses in the electrical system

derive from inappropriate design or other failures in quality control during engineering,
procurement, installation or completion.

17 April 2016: shutdown because of gas leak. The PSA  takes a serious view of this.

18 April 2016: official inauguration of  Goliat. Gas alarm sounds again.

10 May 2016: the electric facilities. Smoke development and power cut.

12 May 2016: hydraulic discharge

13 June 2016: unions in Eni send a whistleblowing report to the PSA concerning the

company management . They express concern over worker safety.

1 25 June 2016: a man is hit by a steel rope and flown to hospital in Tromsg. His

injuries are serious. After the incident, investigations of several conditions are

announced by both  the police and the PSA.

24 July 2016: a flamestopper on the FPSOis found to be not working as it should.

July 2016: two unions and three chief safety delegates write to the government to

express their concern over safety  on Goliat and to demand a production shutdown.

They warn that a serious accident will happen sooner or later.

1 30 July 2016: attempt at gas -freeing from the flame stopper, but the work is halted
because it would release excessive HC. A worker is heavily ex posed to the gas. The
incident is not reported in the nonconformity system.

1 26 August 2016: power cut incident. A new attempt at gas freeing from the system

leads to gas leaks to areas where these are unsafe , a power cut and a production

shutdown.

26 December 2016: shutdown because of damage to a loading hose.

6 Jnuary 2017: Eni resumes production after a five  -week shutdown.

February 2017: notification of a hydraulic and diesel oil leak to one of the ballast

tanks.

1 27-28 June 2017: NEA inspection reveals two nonconformities: cooling systems have

been filled with refrigerant by uncertified personnel, and failure to report discharges

of slops to the sea.
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1 19-28 September 2017: based on whistleblower reports ~ about unsafe ignition
sources, the PSA carries out an audit of this issue and uncovers a number of
regulatory breaches which pose a major accident risk. At this time, Goliat is in the
final phase of a planned turnaround.

1 3 October 2017: Eni resumes Goliat production after thet urnaround despite the
information about findings inthe concluding meeting of the ignition source audit.

1 5 October 2017: Goliat production is halted as an acute measure after a conversation
with the PSA concerning observations made in the ignition source audi t. Eni also
receives notice of an order to correct safety -critical faults before production can
resume.

1 29 October 2017: report of acute pollution . Alarm sounded after a leak of heating
medium through an open valve in connection with cleaning. V apour/degassing from
the heating medium has  activated gas detectors. Personnel muster to the lifeboats.

1 13 November 2017: Eni receives another order from the PSA after an audit of
electrical safety

1 December 2017: leak in the emergency power generator. Sixt y of the 120 personnel
on the platforms are sent ashore.

1 8 December 2017: The PSA notifies that the order which imposed a shutdown of
Goliat has been obeyed, and that Eni can resume production

3.7.3 Goliat 9 electrical systems and ignition source control

During the completion phase in South Korea and offshore Norway, t he PSA carried out a
number of audits on various subjects, and identified improvement points and/or
nonconformities . Media headlines meant that the problems with the electrical systems,
ignition source control and compliance with the Atex directive had attracted particular

attention. It emerg ed from an audit report in October 2015 that Eni personnel have
expressed concer n in interviews over the quality of ignition source con trol, and that
deficiencies had been identified which correspond with the concerns expressed.

The audit moreover identified deficiencies in the installation of the electrical systems, as

well as unclea r roles and divisions of responsibility for the electrical workforce. In other

words, the PSA established nonconformities and weakness through this audit which affected

design, installation and organisation. The consent Eni Norge received to begin producti onin
the spring of 2016 implied that the company had assured the PSA that all nonconformities

and improvement points had been or were planned to be improved, and that the description

of the improvements indicated the chosen solutions were acceptable. It e merged from an
audit in September 2017 that all the identified conditions had been worked on, but that a

number of the conditions identified in connection with the 2015 audit were not fully

corrected even though Eni had presented these matters as corrected in its communication

with the PSA following the audit. It is important to emphasise here that a consent expresses

the regulatorés trust that the applicant has assured
regulatory requirements and that appropriate mana gement systems for safe operation are in

place and will be foll owe daot mdahteattReydvéresmentbas s ent does

recognised the whole design as acceptable.

The deficiencies which the PSA had called attention to in these audits were serious and

created doubt about the condition of the safety barriers on the facility. As long as these

deficiencies had not been corrected, a higher risk of ignition existed should a HC leak occur
and affect the unsecured equipment. The consequences of such an acciden t could be the
loss of several lives and substantial material assets.

Following the audit in the autumn of 2017, Eni was ordered not to resume production

before the safety -critical faults had been corrected. It was also ordered to report back to the

PSA when the faults were corrected and to refrain from restarting until the PSA had verified

that the company had corrected the faults. Following the verification, Eni was called to a

meeting to review its results. An unusual step taken at the same meeting was a request to

Statoilas alicensee t o report on measures through its O0Osee to i

It is worth noting that it has not been normal practice earlier for the PSA to check reports
from an operator concerning the correction of nonconfor mities, since it is the o
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responsibility to ensure that its operations are conducted in accordance with the regulatory
requirements.

Another audit of the Goliat ~ FPSD with attention concentrated on electrical facilities and

associated equipment was conducted by the PSA in October 2018. The PSA emphasised that

the effect of earlier audits with consequent orders had been positive, but that weaknesses

and deficiencies wer e still being identified, particularly with management of safety barriers o}

including registration and assessment of nonconformities  which affected safety -critical

elements. Non-conformities identified in this audit resulted in a new order to the operator.

VarEnergi wa s o r d e rDead uptaoealistio and binding plan for completing outstanding

safety -critical work on the Goliat FPSO. That also includes completing the status of the

technical condition of safety  -critical barriers. The deadline for complian ce with the orderis 1

March 2019. The PSA must be informed when the order

It has emerged from interviews with the PSA that the barrier management system developed

for Goliat is considered to have the potential to be one of the best in use onthe NCS . In
other words, Var Energi has a good starting point , but has been unable to make full use of
the system.

Goliat incidents in Norwegian media

A number of the incidents on the Goliat FPSO have been reported in Norwegian and
international media . The headlines have not always been proportionate to the actual

incidents, and emergency response measures implemented as part of a procedure to secure
an overview of and control over  an incident and personnel on board have been cited as
evidence of the seriousness of the circumstances. However, emergency response measures

such as mustering after an alarm are practised ev erywhere on the NCS and are carried out in
virtually all cases as a precaution. This practice also provides the emergency response

leadership with a quick overview of personnel on board, and those with response duties can
initiate these quickly and without hindrance.

Many of the media reports which have appeared document that Goliat has a well -functioning
emergency response organisation. The platform has not experience d incidents with a major
accident potential in this period. Over the same period, correspo nding media attention has
not been paid to similar incidents on other NCS facilities, even though seve ral examples
exist of such occurrences.

3.7.4 Onstream & regularity, HSE and safe operation

Goliat came on stream on 12 May  2016. Monthly production during 201 6 is presented in
Figure 3-25. As this indicates, a number of operating problems have occurred which will be
commented on below

The initial period was dem anding. According to a report produced in September 2016, 54
unplanned shutdowns occurred in the first 164 days (about five and a half months) after
start -up.

Accumulated oil production during 2016 came to 18. 7 mill ion bbl, corresponding to
2 968 000 scm. Output during the first six months (to 13 September ) was about 1.6 million
scm. See Figure 3-25.
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Figure 3-25. Oil production in 2016 . (Source: Acona)

Figure 3-26 presents production developments from day to day . The reason s for some of the
substantial output losses are indicated. These include HC leaks, false HC alarms and power
cuts. The figure also shows that the platform produced some 11 000 b/d in several periods,

which is above the nominal capacity of 103 800 b/d or 16 500 scm/d. Gas treatment is the
bottleneck.
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Figure 3-26. Produ ction and production shutdowns from day to day. (Source: Eni)
Figure 3-27 presents capacity utilisation in 2015 in terms of output per month compared
with the possible figure in accordance with nominal production capacity . The annual average

(calculated from coming on stream) is 61 per cent.

Figure 3-28 presents oil output together with gas and water injection. Injecting water began

a little later than production, but progress is otherwise virtually identical
Among shutdowns largely attributable to the actual produc tion facilities, two incidents
involving substantial downtime relate to new concept solutions. These concerned the loss of

power from land and damage to the loading hose.
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Utilization of capacity per month

Figure 3-27. Capacity utilisationin 2016 . (Source: Acona)
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Figure 3-28. Production, gas and water injection. (Source: Acona)

3.7.5 Regularit y, HSEand safe operation 9 wells and subsea installations

Wells, subsea facilities, pipelines, umbilicals and risers have functioned well during the first

years on stream. Technical integrity in this part of the Goliat project are well documented

through annual inspections and regular testing of safety functions. Daily management of the
facilities is conducted in accordance with instructions and procedures drawn up and

implemented in an onshore  -offshore interaction. Condition monitoring and maintenance
planning are performed in  accordance with a computerised syste m developed by Eni Norge.
Registering and reporting abnormal incidents comply with the requirements and guidelines

which apply for operations on the NCS.

Well integrity : leak requirements setin  Norsok D-010 and recommendations in OLF 117 are
applied here . Interval requirements accord with those specified in Norsok D-010.

Subsea inspe cti on: inspection is conducted at intervals based on an RBl program me, which
is regularly updated on the basis of the actual data

FPSO stru ctural inspe cti on: umbilicals, riser annulus and subsea flowlines 0 SSIVs are
tested every year .

System monitoring : system status is monitored and registered through a SAP maintenance
system and the true advanced collaboration enviro  nment (Trace) system . SAP manages
maintenance frequencies . Trace acquires live data fr om many sensor s, which are analysed
and thereby provide a check of plant condition
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Since start -up, the following have been the only faults or nonconformities with the subsea
equipment .

1 Downhole gas lift valve in well 7122/7 -C-1H o6 well shut in . Awaiting intervention to
replace the valve.

1 Fault on one electronic circuit in a subsea control module 0 well shut down until the
control module was replaced.

Subsea inspection, maintenance and repair (IMR) was carried outin 2016, 2017 and 2018.
An acid wash job was conducted from a vessel in one of the water injectors during 2016. No
heavy well maintenance has so far been  done on Goliat.

3.7.6  Status for the project in the second quarter of 2019
Based on interviews conducted, the current position can be described as follows:

1 everyone interviewed believes  Goliat is now in a stable production  condition
91 the turning point was the arrival of the last CEO for Eni Norge

9 collaborative conditions are now in place

1 HSEis now handled in a way which corresponds to other NCS facilities

1 the working environment is felt to be good.

The pressureon Enids management to get on stream as soon as
received) posed a certain safety risk in itself, given that it was impossible to be quite certain
at the start -up point that a full overview existed of all outstanding deficiencies.

Furthermore, work still outstanding from the project phase means prioritisat ion problems
exist/could arise between these residual activities, various types of maintenance and the

desire for modifications. It is important here that the operator, with the safety organisation,

makes good assessments. Furthermore, Equino r 6 s 0 p e expdrtisedmtlese areas

should be drawn on. The PSA should also conduct regular audits here.

As documented by the operator, a number of unfortunate incidents and operational

interruptions were experienced in the initial years. None posed a major accident risk. The
barriers on the platform functioned as intende d, and it was shut down in a prudent manner

each time.

3.8 Operator 6s organi sat i o-gopandmgavernnmer f ol | ow

3.8.1 Project organisation and manning

In the early phase, the project had an integrated o rganisation with all functions represented
in it. This ensured good collaboration and was a precondition for achieving an optimal

concept. Personnel from the partner, Equinor, were also integrated in the project during this
period. That made a substantial contribution to experience transfer from other field
developments on the NCS. Equinor withdrew its personnel during 2009 and was much less
active from then on.

Eni Norge reorganised the project early in the execution phase. Functions such as contracts

and procurement, drilling and well, reservoir functions, production preparations and other
support functions were  stripped out and arranged as services to be delivered from the base
organisation . See Figure 3-29. Person nel from these functions attended project meetings,

but had only indirect reporting to the project

From this point, the real project manager was Eni Nor

organisation unless the latter devotes the bulk of their time to the project and is kept

updated on all current issues. Such a snducture creat

pulverises project responsibility. Disagreements over ~ work processes and solutions to
practical problems may often remain unresolved for a long time.

It is also easy to detect from the interviews that substantial cultural differences prevailed
between N orwegian employees and head office personnel with regard to how decision
processes were conducted, how the workforce was involved and how to work across all
functions in an integrated way which contributes to success in the project.
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Figure 3-29. Project organisation in the execution phase.

(Source: Eni)

Following its restructuring, the project organisation was characterised by the following:

1 runcentrally by Eni managementin Norway /group management in

Italy

1 the project manager had less responsibility/authority than in comparable projects
1 alack of understanding at head office (Milan) of the Norwegian working
environment, legislation and regulations

E ]

This way of structuring projects

a lack of expertise/capacity to manage the EPCI contrac t
delayed reporting of problems and cost increases

frequent replacements of personnel (and management) in the event of problems
a lack of input from and influence for the future operations organisation.

undermines team -building and cross

-organisational

collaboration. It can also encourage blaming others when something goes wrong.

The project was reorganised for the completion phase in Norway as shown in

Goliat Development
Project Manager

Figure 3-30.

Services From Eni Base
Organisation

Procurement
Project | 1 Manager
Assistant Well Operation
Manager
Reservoir Manager
| T 1
HSEQ SF;rrG\:ii(;ts Lead Contract] Opr. District
Manager Admin. Manager
Manager —
[ ]
Offshore Engineering FPSO
Execution & Subsea & Execution
Manager Deputy DPM Manager

Figure 3-30. Project organisation in the completion phase.
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The operations organisation was set up late, launch ing in Stavanger atthe end of 2011 and
relocati ng to Finnmark in 2013. A strong desire to recruit as many people as possible locally
limited access to personnel with long operational experience of offshore production. More

time should undoubtedly have been spent in Stavanger (and not least in the project) with
experienced operations personnel who could be phased out gradually after a move to

Hammerfest. Figure 3-31 shows how the size of the project team developed

i |
Goliat Project Management/Site Team Manning

Manpowe.

Planned | Actual | Planned | Actual | Planned | Actual | Planned | Actual | Planned | Actual | Planned | Actual | Planned | Actual | Planned | Actual
2009 2010 2011 2012 2013 2014 2015 2016

= FPSO incl. Offshore Comm 14 21 80 45 75 125 85 247 70 354 16 321 o 186 o 73
WELE 4 2 8 6 8 7 8 6 8 6 3 5 o 5 o 1
= MOl 2 o 4 2 4 6 5 7 6 10 1 10 o 10 o 1
W SPS incl . Offsh. Inst. assistant 5 B 13 1 15 11 15 13 14 13 4 13 o 12 o 5
EFRI 5 5 9 7 14 9 15 18 15 11 1 7 o 5 o o
® General Mngnt 45 54 67 65 72 68 73 69 48 65 21 81 o 84 o 42
b )
Figure 3-31. Manning overview. (Source: Eni)
382 I nvolvement and quality control by Eni ds base org
The study group has had limited access to conclusions from Eni s own internal qual

reviews. Based on the technical material made available, such as choice of concept reports,
underlying PDO documents, Feed studies and so forth, neither DG2 nor DG3 should have
been approved before significantly more technical wo rk had been done.

383 Partnerds role and i nvol vement

Until DG2, StatoilHydro was an important contributor to the project. It had personnel on

l oan to and integrated in Eni&s project organisation
followed up the project but also did its own independent work. The problems began after

passing DG2 in late 2007. At that point, no choice of concept had been made (four

remained). The partners (StatoilHydro and Det Norske at that point) rejected DG2 because it

was insufficiently mature  and involved unrealistic plans and costs. A new attempt to pass

DG2 was made in April/ May 2008. According to Statoil
quality assurance, the project had still not been matured to a DG2 level, and it stated that

this could n ot be in place until the end of 2008 at the earliest. Technical reviews also made

it crystal clear that plans and estimates were unrealistic. The then leadership of StatoilHydro

nevertheless chose to approve DG2 in May 2008.

StatoilHydro 6 scquisition of D et Norske 6 45 per cent interest was completed in December
2008. From that point, StatoilHydro had a veto i n the licence and could thereby halt all
proposals from the operator

In late 2008 , a DG3 proposal was presented by the operator, still with two different platform
concepts. At a management meeting on 22 December 2008, StatoilHydro refused to approve

DG3 on the basis of its own internal technical review . It wanted more detailed consideration
of a number of specific issues. A new and simplified cons ideration took place, and DG3 for
the project with associated PDO submission was approved by management on 6 February

20009.
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Given the study groupds experience and the project in
Goliat project failed to meet the company 6s own internal reqguirements for
Approval must therefore have been based on a formal nonconformity appraisal. Eight

months from DG2 to DG3 is also an unusually short time for such a large project, not least

because work was being pursued with two concepts in parallel.  This would normally take

about a year , assuming the DG2 foundation wa s of good quality.

The PDO was submitted on 18 February 20 09 on the basis of a concept choice made in
January 2009 and without normal maturation in a genuine Fe ed study . StatoilHydro added
several billion kronerto Enid s e st iinmtsabbaeddecision, and thereby found the
economics to be even more marginal than the government could read from the official PDO
document .

Several interviewees say that this was bec  ause both Eni and StatoilHydro were very keen to
have the PDO approved in the spring of 2009, before the general election that autumn and
the planned presentation of the management plan for the northern NCS in 2010

The quality shortcomings created by the urgency of submitting a PDO could have been
eliminated if the time had been taken to mature the concept in technical terms before

awarding contracts. That would have added a year to the planned start -up (from 2013 to
2014). This was not done. The outcome w  as a 2016 start -up. StatoilHydro (now Equinor) was
the only partner on Goliat. Experience from other projects has shown that this is a difficult
position to occupy. A partnership should have at least three members. StatoilHydro (and

later Statoil) offered and provided much assistance to Goliat during project execution in

such areas as technical standards, procedures and reviews, but could undoubtedly have
contributed rather more in the form of good proposals and support for reducing execution

risk. Transfer ring engineering responsibility from CB&I to HHI in Korea, for example,
presented a very considerable and wholly unnecessary risk.

When considering whether Goliat was ready to come on stream, the PSA asked Equinor to

assess the basis oft he o per at-updedtisiondr adetter to the PSA of 8 January 201 6,
Equinor stat ed tohtairts th&attiviles whicth raust bedconducted before Goliat
can come o0 nltieleveethermpldn was feasible

Equinor continued on its own initiative by going through the points in the plan to assess
whether the Goliat FPSO was ready to start production . Presented on 12 February 2016, the
report from this verification concluded that the plan contained the necessary activities , but
included the observation that a fairly substantial amount of work remained. This report was

used in the pre -start -up risk review conducted by the project and operations organisations

and representatives from Equinor.

Conclusions from this meeting were that:

91 the platform was completed as far as practically possible for introducing HCs
9 all systems were handed over from the project with a signed completion certificate
1 ignition source control was largely achieved with some outstanding documentation.

Equinor asked whether outstand ing work moved until after start -up was underestimated.

On Friday 11 March 2016, Eni Norge and Equinor confirmedto the PSA that the criteria for
bringing Goliat on stream had been met

384 Governmentods rol e

On the basis of an external and overarching assessment of project risk, a number of

conditions already existed in the early phases of the Goliat project which indicated that its

execution could face challenges. They i ncluded the oper athedCSis experi el
general and the Barents Sea in particular, its organisational structure and manning, an

untested FPSO concept, the contract strategy and the choice of main contractor. These

conditions were taken into account when the PSA shaped its strategy for following up the

Goliat project.

The PSA devoted attention to all these conditions through a number of audits during the
engineering and fabrication phases. Several of these were purely for follow -up 4 in other
words, checking on nonconformities and impro  vement points identified in earlier audits.
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The PSA conducts such follow -ups if it fails to receive satisfactory feedback from the

operator concerning the resolution of nonconformities and improvement points. A more
detailed review of the audit reports for Goliat show s that certain conditions were classified
as non conformities in the first audit and then as improvement points in follow -up audits.
The PSA downgrades the level of seriousness in this way if progress can be demonstrated

since the previous audit  but the condition has still not been resolved in a completely
satisfactory way, and where no application has yet been received to bring the facility on

stream. If the identified condition has not been satisfactorily resolved when the start -up
application is submitted, the PSA will again classify it as nonconformity and, if necessary,

make an order. Several examples of t-twioflsGolatan be

From the start of the PSA&6s formal supervision

present day, a total of 25 audits ha  ve been conducted. They extend  across the concept/
project preparation, post -PDO engineering and fabrication, completion/ readying for
operation and production phases. Eight have been carried out in the production phase din
other words, from 2017 until today. One of these was directed at the role of Statoil (now

Equinor) as licensee. This means that Goliat, and particularly its FPSO part, has been subject

to rather more audits than the two other projects covered in this study, but that can again
be explained by the fact that engineering and fabrication for the Goliat FPSO took far longer

than originally planned.

What the publicly available documentation does not revealabout t he PSA®6s sup
Eni and Goliat istheconsi der abl e commit ment made in the
personnel during the execution phase as well

understanding the regulations, using standards and so forth. The substantial scale of this
commitment has been confirmed by interviews with both Eni and PSA representatives.

The PSA conducted five audits of  Eni while consent was under consideration (from 15
February 20 15 to 19 January 2016). During this period, it also received seven unique
whistleblowing rep orts concerning various conditions on Goliat. Findings in the audits
conducted indicated that problems persisted in two areas in particular: logisti cs and barriers
(including elec trics/ignition source control ). The PSA also asked Equinor to give its

assessment of t he basis for the opeQolatonsti@an .dne teltestdo o n

the PSA of 8 January 2016, Equinor stated that Eni6 s p toatains the activities which must

be conducted before Goliat can comwaséfeasiblet r eamo.

After approval of a PDO, the government assumes that the licensees develop the field within
the parameters specified inth  at document . The NPD also supervises project progress in the
construction phase, but not as closely as in the early and production stages. It is difficult to
see that the NPD has had any role in or influence on the actual development of Goliat

between DG3 and DG4.

When reading the comments on Goliat in the government Finance Bill between 2012 and
2016 (see appendix B), it is clear that the MPE was also less than fully briefed about what
the real problems were on  Goliat .

3.9 Overall assessments

391 The projectds preconditions and parameters

The starting point for the Goliat project was:

limited reservoir complexity and uncertaint y

medium -sized project in terms of capacity and platform facilities
uncomplicated production facility

basically marginal profitability

opportunities for increased activity through continued exploration in the area
uncertainty about Barents Sea  conditions and demands

strong pressure from external stakeholders

long way from infrastructure

substantially larger Sevan facility than previously built

=8 =8 =8 -8 -8 _-4_-4_-8_9
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3.9.2

moderate technological qualification

operator without NCS experience

EPCI strategy which ends up with e  xecution in Korea
over -optimistic planning and budgeting in the PDO.

FPSOconcept maturation and execution

The selection of a circular FPSO was a good and robust choice of concept. What went wrong
was execution. The following assessments have been made fro m an execution perspective.

il

Systematic studies were made of relevant concepts to the end of 2007 (in other
words, in 2006 -07). The assessments made and conclusions drawn appear to accord
with good practice.

The project passed a milestone  at the end of 2007  which was referred to as DG2, but
which failed in reality to reflect that status. At DG2, a choice of concept should have
been made and the concept matured to the start of Feed studies. A design

competiton hel d i n 2008 was suppos e(dutinrealithddnoéto
reflect a normal Feed level). An official choice of concept was made in January 2009
on the basis of this work.

The PDO was submitted on 28 February 2009, and this date is also referred to as
DG3. Instead, a new and complete Feed sh  ould have been initiated up to the autumn
of 2009, followed by an ITT  at the end of 2009. The loss of time would have been
about six months in relation to the path taken .

Thanks to the hasty decisions, a weak Feed formed the basis for fairly substantial
underestimating, which was only partly corrected through the post -Feed study.
Underestimating weights led to problems with engineering and to cost increases.
The constellation of HHI/CB&I with assistance from  Sevan was a risk which the
project should have go t to grips with immediately in order to ensure execution of the
EPCI contract in accordance with schedule, costs and quality.

Given the status of the project in 2010, the overall plan should have been revised

and the production start delayed by at least a year. The study group cannot see
detailed planning and risk assessments with associated understanding of
consequences. Nor was attention paid by management (at either project or company
level) to preventive measures and actions.

Weight developments following HHIO s$ake over of the engineering show that
estimated weights from the early phase were unrealistic and that the whole basis for
construction was insufficiently mature. For its part, HHI was conservative in its
estimates and | ittle concerned to keep weights down. Simpler design and
construction were given priority ahead of weight optimisation.

HHI had taken on far too much work during this period. That resulted in extensive
hiring of labour which was to some extent unqualified, leading in turn to poor
productivity and delays in executing all ongoing projects. As one of the smaller
projects, it was difficult for Goliat to secure priority .

From 2010 until 201 7-18, the topsides part of the project was more or less out of
control.

Quality control and documentation of work done on the topsides must be
characterised as very deficient and, on certain points, directly misleading.

The Sevan concept is not particularly construction -friendly, and not enough
construction studies were conduc  ted in advance to identify the best possible
solution. HHI opted for a method where simple design and fabrication were given
priority over weight -optimal solutions. The large number of topsides sections hooked
up on board led to a massive accumulation of w ork on the actual platform.

Conclusion : a successful/robust technical concept with weak execution.
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393 Extract from Eni s report on its experience
The foll owing extract from Eni s report on its
findings:

Project Management and Execution Strategy
Heavy company organisation
Lack of coordination and ownership / accountability in all
areas and in internal/external interface management
Engineering, Operation, Compliance not Iinvolved at all
stages and with no integrated view

FEED and Tendering
Change in FEED strategy from competitive to single
Contractor FEED
FEED completion after contract award

Detailed Design, Supply and Interface Mgmt
Three different not integrated Company engineering teams
Messy approval cycle from Company side
Not correct use of 3D modeling as a design tool
Poor focus on changes minimisation
Excessive number of third parties involved

Construction & Commissioning
CCMS with not clear accountability and ‘free’ access to the
system for MC and punch lists Company
Heavy QC site organization with the duty to approve all
quality documents and work steps
No clear handover procedure MC — Commissioning —
Operation

Complicated decision path

Big number of parallel open issues

Necessity to intervene on project organisation defining
a lean and delivery-oriented site organization, with
injection of skilled personnel
Necessity to set up of a
Committee’ to overcome execution challenges in
strategic projects

HQ ‘Senior Advisory

Multiple project changes, caused also by low FEED quality

Extended overlap of detailed design and construction with
consequent reworks

was Increased with centre of gravity at FPSO site)

Multiple comments with delays in engineering and
construction reworks
Reworks (piping) also due to improper use of 3D modeling

Late close out of project issues

CCMS not fuly populated in line with work progress
Poor control on the degree of project completion
Delays In commissioning and hand over

> Lack of single point accountability (engineering integration

Figure 3-32.Ext ract from Eni 6s

3.10 Learning points

Layout . The negative experiences with the

Sevan design and the topsides . The solutions adopted  were little developed and

r e gSource: Enijn i t s

Goliat platform relate virtually entirely to the

did not

reflect the radial hull structure. With hindsight, a clearer division should have been adopted

between hull and topsides.
orthogonal design tailored

The support structures for the latter should have had an
to a facility featuring

large rectangular modules organised on the

basis of an area division, in accordance with established practice. Furthermore, these big
modules could have been installed through a combination of lifting and skidding.

The comment on a clearer distinction between hull and topsides also applies to the pump

room and manned areas in the hull.
submerged pumps, and avoiding manned spaces

The pump room could have been replaced by

in the hull would have meant a

considerable simp lification by eliminating the safety challenges posed by an enclosed pump

room in the hull.

Topsides height

and that equipment density/space utilisation was unacceptable with rega

. It also became clear at an early stage that the topsides height was too low

rd to construction,

safety, operation and maintenance. All this reflected the lack of quality and prioritisation in

the Feed phase, rather than the concept itself

Technical maturation

project execution

should have seen this. It should in any event have been identified when consi

PDO.
Control/verification of quality in the early phase.
What should have been done?

i Carried out third

taken.

-party or other independent verifications
the final delivery of documentation for the choice of concept

. The maturity of the project was far too low at both DG2 and DG3.
This is absolutely the most important underlying cause of the problems which arose
. Not only the operator, but also the partner and the regulatory authorities

during

dering the

(partner) of the content in
before the decision was
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1 Atthe end of the concept phase, excluded the options seen to be commercially
unacceptable and defined a post  -concept scope of work for the remaining solutions
in order to secure adequate knowledge of a single choice for taking forward to Feed.
1 Where D&W activities are concerned, the government should have been challenged at
an earlier stage over using oil-based mud. Drilling efficiency, measured in metres per
day, was doubled.

Worker participation .Eni6s or gani s a ttinthainvbhemdnt okthe avorkforce
(future operations personnel and the safety service), and did not fulfil the intentions in the
legislation until the final phase offshore. Furthermore, the project organisation does not
appear to have been able to tak e the necessary measures in time to close identified gaps in
relation to the regulations.

Development of own organisation and expertise . Clearer expertise requirements should

have been defined from the start, with genuine qualification for key posts,and o wn

employees should have held key positions (limit  use of consultants) . The projectds manda
organisation and responsibility should have been clarified early and with more overall

responsibility for the project manage ment. Furthermore, the operator shoul d have

strengthened its own internal control function.

Contract strategy and format . Changes along the way from concept competition to
competitive tender ing based on a design basis led to a technical foundation which was far
too poorly developed for a genu  ine EPCI contract. Clearer requirements should have been
set by the operator for  the contractual relations hip between HHI and its engineering
subcontractor . Changing engineering responsibility eight months into the contract was very
unfortunate.

Change of engineering responsibility . Changing responsibility for engineering so soon
after the EPCI contract kicked off was very unfortunate. If a change was absolutely
necessary, it should have been to another competent international player. Transferring
engineering responsibility to HHI proved a very unfortunate decision which made a strong
contribution to the problems experienced subsequently .

Project plan ning. Project kick -off should have delayed by a year at an early stage. That
could hav e produced a project basis and level of maturity which would have allowed
controlled execution

Good and realistic schedules with an in -depth understanding of  relationships across the
project and between different contracts are crucial for success. Possib le problems (time,
cost and quality) must be identified as soon as possible and reported immediately to both

own management and the partnership.

Training contractors and subcontractors . The project should have ensured that
contractors conducted adequate t  raining of their whole workforce and all contract personnel
with the desired HSE and quality standards (Norsok and so forth).

Risk management . It is essential that early identification of possible risk, establishment of
preventive action plans, and genuine risk management and follow -up are part of the daily
agenda at all levels .

Relationship between project and future operations organisation . The principles of the
operations philosophy must be in place at DG2. Production preparations and organising for
safe work processes and procedures must begin as early as possible in a detailed dialogue

with those shaping the technical solutions. The division of responsibility between project

and operations must be crystal  -clear from mechanical completion of the first s ystem until all
the systems have been handed over to operations. Requirements for completion at handover
of responsibility must be established and never deviated from if this represents a safety risk.
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4 Aasta Hansteen

4.1 Overall project description
4.1.1 Location and reservoir description

Aasta Hansteen | ies in the northern  Norwegian Sea, 140 kilometres north of Norne and 300
kilometres west of Bodg. It is thereby relatively far from land and existing infrastructure
The water depth inthe area  is about 1 300 met res.

This field originally embrace the Luva (1997), Haklang and Snefrid South (both 1998)
discoveries . A new discovery , Snefrid Nor th, was made in the area in 2015 and is now being

tied back to Aasta Hansteen. Total reserves for Aasta Hansteen and Snefrid Nor th are
estimated at 55.6 billion scm of gas and 0.6 million scm condensat e, correspondingto 353
million bbl oe .

Aasta Hansteen was proven in 1997 by BP.The operatorship was transferred to Statoil i n
2006, with the PDO approved in 2013.

Figure 4-1 provides an overview of the  Aasta Hansteen field .

Aasta Hansteen — Field overview

Aasta
Hansteen

N s Nyhamna .E? 4‘5‘.‘:

Figure 4-1. Overview of t he field. (Source: Equinor)

4.1.2 Licence history and project description

PL 218 was awarded in 1996 through the 15th licensing round . Licensees then were BP,
Statoil, Esso and Saga Petroleum. Saga s old its holdingto  Conoco on 29 September 2000.
Statoil tookover BF6s i nterest and t héanuarp 206aRL 18 hasmwardad
in 2011 on the basis of the expected extent of the Haklang structure and the additional
acreage needed for positioning the Aasta Hansteen platform .

The initial wildcat on the  Luva segment was drilled in 1997. T wo exploration wells on
Haklang and one on Snefrid S outh were drilled in ~ 2008. All these wells proved HCs in the
form of gas with marginal quantities of liquid

Equinor is the operator with 51 per cent . Its partners currently comprise ~ Wintershall (24 per
cent), OMV (15 per cent ) and ConocoPhillips (10 per cent ).
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Main issues — Aasta Hansteen

Figure 4-2. Mile stones and main

Feasibility Conceptselect Define Project execution Operations
Funn DG1 DG2 DG3
aq 4Q 4q
2008 2009 2011 2012
2012
Feasibility Concept select Feed/ PDO Engineering/ Construction/ Start-up/ production
. Margina\‘economv - Water depth ) ) prccqrem_ent offshore hook-up phase
* Few feasible (1300 m) + Design basis freeze * Engineering contr./ *  Effective marine
solutions + Limited reserves * Norsok requirement Hyundai cooperation * Goode HMS results installations
* Partner reluctance . . understanding * Construction of Spar * Quality of follow-up Some compressor and
* Possible upsides P
* Procurement follow

Main issues

.

Authority requirements

Marginal development

Costly platform
High activity period
Market & timing

Dependency of other licenses in Polarled

Area hub/ infrastructure development

New technology and new conceptual solution

Management/ follow-up of contractors

= Timely TQP

Risk identification

and understanding

* Prequalification
process

* PEP (Contr. Strategy)

= Market situation

Partner QC/QA

.

.

up
Construction capacity
and quality

HMS focus

Norsok

understanding and
compliance

Organisational quality
Involvement of
employees and
operations

T .

and Change control

* Delayed delivery of
Spar platform

+ Topside 100%
finished at yard

* Excellent drilling
performance

* Good Quality of
facilities

equipment issues
Well start-up issues
due to well cleaning
Stable production
after 2 months

issues. (Source: Acona)

The gas field has been developed with three subsea templates producing to a floating Spar
platform with a

cylindrical

hull moored to the seabed. The templates are tied back with
the NCS and the

flowlines and steel catenary risers (SCRs). This platform is the first Spar on
|l argest of its kind in the world. It al

tanks for condensate. Snefrid North is being developed with a template tied b

S0
ack to the

Aasta Hansteen field. Plans call for it to come on stream

Field development

»4 template structures:
oD template (Luva block): 4 slots, 4 wells
oB template (Haklang block): 4 slots, 2 wells
oC template (Snefrid Ser block): 1 slot, 1 well
oE template (Snefrid Nord block): 1 slot, 1 well
»Operating water depth: 1250m to 1300m
»Reservoir temperature: 60°C to 80°C
»Reservoir depths: ~3000mTVD
»Lean gas condensate reservoir Nise Fm.
»Reference wells: 1 exploration well on each structure

Figure 4-3. Field development concept.

in late 2019.

Snofrid Sor

— 8796121

Luva Haklang

S99 AINTN0. 3.

(Source: Equinor)

The 70 000 -tonne platform was towed to the field in A pril 2018 and came on stream on 16

ranks

December 2018. Gas is transported in the  Polarled pipeline to the Nyhamna terminal for
export to the UK . Produ ced condensat e is loaded into tankers and shipped to market . Aasta
Hansteen and Snefrid North are expected to produce about 23 million scm of gas per day at
plateau .
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Polarled is a new 482 -kilometre gas pipeline from  Aasta Hansteen to Nyhamnai n Mgre og
Romsdal county . Its PIO was submitted and approved at the same time as the Aasta
Hansteen PDOin 2013. Completed in 2015, the pipeline provides a gas export solution for
Aasta Hansteen and for other Norwegian Sea fields. The project also included an expansion

of the Gassco-oper ated facility at Nyhamna. Polarled is tailored for the connection of

existing and future discoveries in the area . See Figure 4-4.

Aasta Hansteen

Asterix @ :r Aasta Hansteen @ Bodo
A door opener to a new area .
(300km west of Bodg) { i
16 @ Mo i Rana
Gas export via Polarled to Nyhamna oene @ Siadnesiesn
(480km) Zidane -
fogelberg @ ‘:’: Hewdrun @ Bronnoysund
World’s largest spar - first with totn o
condensate storage —_
;-\‘.;.l Draugen @ Nomsos
Step outs and technology
qualifications
’:"- @ Tondheim
Aasta Hansteen DG4 Q4 2018 / @Kistansund
Nyhamna @
@ Vole

Figure 4-4. Area infrastructure . (Source: Equinor)

The Aasta Hansteen field is operated from Harstad by Equinor & operations organisation in
northern Norway . Its supply base is at Sandnessjgen, with the heliport at Brgnngysund.
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4.1.3 Development of plans and costs over the life of the project

An overview of early -phase milestones and activitiesi s presented in Figure 4-5 and Figure
4-6.

e ans 2005 2010 | 2o | 2012 | 2002 | 20a | auss | auo | 2007 | 2s

Exploration/appraisal wells b 6 & ¢
Decision gates ¥DG1 D2V ¥ DG3

Feasibility studies
*  Ship-shape FPSO with flexible risers —
*  Circular FPSO with steel risers basis for DG1

Concept studies

Deep draft floater with condensate storage and offloading

Other floating platforms

Subsea including subsea compressor to Nyhamna —
Subsea including subsea compressor to a new facility

Subsea to existing platform on Halten/Nyhamna

Subsea to existing platform on Halten/Asgard Transport

D

Concept selection

Evaluated and de-selected platform concepts:

+  Semi and TLP with export of condensate to other location

+  Circular and Ship-shaped FPSO

*  Not normally manned platform and Power from shore

Selected concept: Deep draft floater (Spar-platform) *

Feed studies —
*  Spar platform — Technip and Aker — topsides, subsea

PDO submitted December 2012 and approved 28.06.2013 * K
EPC contracts — Topsides, jacket, flowlines, transportation

Start production 16.12.2018 *

Figure 4-5. Activities and milestones in the early phase for  Aasta Hansteen . (Source: Acona)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

DG1 DG1Q4 | 48 months |
ARL-Q1
Decl6
DG2 DG2 Q4 I 48 months I
3Q17
DG3 I 57 months I
Prioritisation Comlexity - Spar (Cpnstruction 13/35 months) Decl8

DG4 IIIF

Figure 4-6. Execution dplan development. (Source: Acona)
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Figure 4-7 gives an overview of the most important cost elements at DG3 and DG4. Figure
4-8 and Figure 4-9 provide a graphical presentation of changes over time for each main
element in the estimate

MNOK

Management 3171 2673
FPSO - -

35 583 Topside 93881 13298 +34%
32 655 Living Quarter - -
\ Completion - -

Substructure 5235 6453 +23%
Meeoring,Offloading & Inst. = =
Risers & Flowlines = =
Heavy Lift and Transport. = =
Extend./Remaining Scope B B
Contingency 3167 238

Facilities — Platform 21454 22664 +5%
Facilities — Subsea & Pip. 6062 6086
Drilling & well 4431 2821
Power Supply incl. Infra. - -
Host = =
PMT/Petek 201 321
Preparation for Operation - 291
Insurance 507 400
DG3 DGa Adjust. (Currency impact) - 3 000
Aasta Hansteen Phase 1 32655 35583

(Jan 18/CCE10)
High Complexity/Expensive — Gas Platform
Design Capacity:
23 MSm3/d gass
900 Sm3/d kondensat
m DG3 - Total Dry weight 23 743 tonnes - DG4 - Total Dry weight — 24 370 tonnes
Figure 4-7. Capex 0 cost development. (Source: Acona)
MNOK
16219 16209
6455 6062 6086
4431
2821
708 1012
DG3 DG4 DG3 DG4 DG3 DG4 DG3 DG4 be3 DG4
Management & Platform Platform Subsea Drilling & Well Other
Topside Substructure Incl. Export Pipeline 7 wells
Total Process Spar - Storage

N DG3 — Total Dry weight 23 743 tonnes (683 NOK/KG).

Y
[

Figure 4-8. Main elements & cost development. (Source: Acona)

DG4 - Total Dry weight 24 370 tonnes (665 NOK/KG excl. Currency Impact).
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MNOK

3522

3171

2873
2673

1242

879 969
720
\ §i

DG3 DG4 DG3 DG4 DG3 DG4 DG3 DG4 DG3 DG4 DG3 DG4 DG3 DG4  DG3 DG4 DG3 DG4 DG3 DG4

g P inaries  Engi g Ui Bulk Construction LaQ In & Offshore Other Contingency
hook-up

DG3 — Total Dry weight 23 743 tonnes (683 NOK/KG).

1

DG4 — Total Dry weight 24 370 tonnes (665 NOK/KG excl. Currency Impact).
Figure 4-9. Management and topsides 0 cost development. (Source: Acona)

The project initially failed to secure priority at the yard , While the scope and complexity of

work on the Spar hull increased . Execution time for the project thereby became particularly

lengthy . That helped to increase costs, with the bill for the Spar hull rising by NOK 1.2

billion. OPreliminariesdé in the HHHHd @t paotduchi wmbe¢ g
poor , and it was only compensated for about a third of the construction costs. Itth  ereby

suffered a substantial loss.

The overall cost estimate was virt loseloltyepostnc hanged fr c
amounting to NOK 32.7 billion at DG3 and NOK 32.6 billion at DG4. On the other hand,
execution time increased from 57 months at DG3 to 72 at DGA4.

Other parts of the project, such as drilling and well completion, did much better, with cost

savings of NOK 1.6 billion. That reflected a rig rate of USD 275 000/d and a oworld cl ass:
drilling speed. The subsea installations were manufactured a nd installed on budgetand to

the (revised) schedule.

The scope of work on the topsides was stable, and rose from 23 743 tonnes at DG3to

24 370 tonnes at DG4 0 in other words, a weight increase of just two -three per cent .

Engineering costs were estimated at NOK 1.4 billion on contract award and rose to NOK 2.5
billion at DG4. The normal hourly rate for engineering design is USD 115, and productivity
of 105 hours /tonne is fairly similar worldwide

Fabrication estimates for the topsides came to 10 million hours, while fabrication hours for
the Spar hull were estimated at 2.5 million on contract award and ended up as 10 million.
Hourly rates and productivity for fabrication/installation vary widely around the world.

Experience shows that hourly rat  es in the Far East are about 40 per cent (USD 45) below the

Norwegian level, which is USD  115. Of this, USD 75 is direct and USD 40 indirect.

Productivity in the Far East (350 hours/tonne) is expected to be half the level of Norwegian

yards (175 hours/tonn e). The strategy behind placing the contract in the Far East was to

achieve a fabrication/installation saving of about 30 per cent, but this gain was quickly

swall owed up by a tripling i n t hupcostpandassignificadtly manage me
longer execution plan.
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Completion costs were underestimated and rose from NOK 0.,6 billionat DG3 to NOK 1.3
billion at DG4. Total costs for the topsides, including operator management/follow -up, were
stable and came to NOK 16.2 billion at both DG3 and DG4. The kilogram price was relatively
constant /favourable and fell from NOK 683 to NOK 665.

Experience shows that completion of simple r platforms offshore takes six months. Aasta
Hansteen required eight, which coul d soldidnl ect

The projectds internal rate of return failed
considerable emphasis was givento the pr o] eupdidé shrough establishing an area centre
which permits the realisation of additional smaller discoveries in the vicinity.

A big differential exists today between the oil price of USD90/bbl assumed in the plan and
the current level of just over USD  60/bbl . The economics of the project have been hit by an
extended execution time and the loss of volumes in Polarle  d from other licences. On the
other hand, an increase in the recoverable volume has had a positive effect. Future oil/gas

prices and new commercial discoveries in the area will affect the final profitability

assessment.

4.2 From licence award to choice of concept (DG2)
4.2.1 Feasibility studies and DGL1 inthe period upto 2011

The first feasibility studies were conducted on the basis of subsea wells and a conventional
ship -shaped FPSO. It became clear at an early stage that the risers (based on flexible
pipelines ) would be expensive because of the 1 300 metres in water depth.

Assessments were thereby made of alternative platform concepts which could be combined

with steel risers. Such a combination is only possible if the platform has very good motion

properties . The most relevant solution was a Spar. Platforms of this kind wit h catenary risers
are used today in water depths down to 3 000 metres in the Gulf of Mexico. However, the y

lack oil/condensate storage  when used as a production platform. The very first Spar , in fact,

was a pure stora ge facility o6 Brent Spar from 19 76.)

It was then decided to base the DG1 decision on a circular FPSOsimilar to the Goliat unit ,
but with SCRs This solution was considered feasible, but model tests indicated that
platform motion posed a substantial risk to the risers

4.2.2 Concept studies 0 evaluation phase upto DG2

Challenges on the field involve a mix of great water depth, long distance from land and

other infrastructure , and tough weather conditions . The combination of currents and waves
is particularly  significant for the platform hull and r isers. A broad range of development
solutions were assessed from early 2010. Se e Figure 4-10.

1) Floating platform with  deep draught, condensate storage and rich gas export to
Nyhamna .

2) Other floating platforms  with little or moderate draught, condensate storage and rich
gas export to Nyhamna .

3) Subsea wells with seabed compression and wellstream transfer to Nyhamna .

4) Subsea wells with seabed compressi on and wellstream transferto  a new land facility
with rich gas piped onto Nyhamna .

5) Subsea wells with wellstream transfer to existing platform in the Halten area and
rich gas piped onto Nyhamna .

6) Subsea wells with wellstream transfer to an existing plat form in the Halten area and
rich gas export ed via Asgard Transport

Option 2 was eliminated because its economics were poorer than option 1. Nor were there
any identifiable upside opportunities.

Options 3,4 and 5 were also dropped because their economics were poorer than option 1,
along with major technological challenges and lower robustness to reservoir uncertainty.

Option 6 also faced the problem that  Asgard Transport lacked capacity .
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First and foremost because of the economics, it was decided to cont inue with a stand -alone
development based on a deep -draught platform

The other options assessed under option 2 were:

1 acircular FPSO

1 aship-shaped FPSO

1 asemi-submersible platform
1 atension -leg platform (TLP).

Both FPSO options were dropped because of higher costs, related primarily to the flexible
risers now regarded as a requirement with these concepts. The big condensate storage
capacity they would automatically have provided was seen as unnecessary and no  benefit .

A deep -draught s emi or a TLP has good motion properties and the potential to use steel
risers, but fail s to satisfy the condensate storage  requirement . See below.

Deep draft semi TLP Ship shaped Octabuoy Circular FPSO SPAR
FPSO

-

e

Figure 4-10. Platform concepts assessed. (Source: Equinor)

A normally unmanned platform was also considered, but rejected because of the complexity
of its topsides

Power from shore was included as a condition from early in the study phase, but it soon
became clear that this would be far too costly and technically complex (cable 320 kilometres
long and great water depth ).

It was important to find a  n acceptable solution for A astaHansteends small condensat e
output. The preferred answer was offshore loading from a small con densate store integrated

in the platform hull. Solutions which required a separate storage ship were eliminated. Nor

was a good solution found for a condensate pipeline to another platform or land

Injecting the condensate back below ground was considered unacceptable by the
government from a resource management perspective

Adding the condensate to the export gas in Polarled was unacceptable to the owners of
Polarled/Nyhamna, since this export pipeline is tailored for the tie -in of existing and future
discoveries in the area .

4.2.3 Choice of concept and DG2 & November 2011

Based on the concept studies conducted in 2010 -11, a choice of concept was made in
November 2011. The development concept is a floating Spar -type production facility with
built -in condensate st orage and subsea installations. The Spar unit comprises a circular hull
measuring 97 metres long , which is extended by a truss structure with a ballast tank at the
keel, 180 metres below sea level. The truss section with horizontal heave plates and the
ballast tank help to dampen motions and to provide good stability.
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Figure 4-11. The Aasta Hansteen platform. (Source: Acona)

Held in place by 17 mooring lines, the platform has entry points for risers in the centre of
the hull and the concept offers good properties in terms of stability and dynamic response
to wind, waves and currents

The topsides measures 100 x 50 metres and are built as an integrated structure with living
quarters, process and utilities. T hey were mated with the hull before towout to the field

This is the first development on the NCS to be based on a Spar, but the concept is known
from other countries. The Aasta Hansteen platform is by far the largest Spar in the world to
date. Unlike ear lier units of this type, it has an integrated condensate store with a capacity

of 25 000 cubic metres. This has affected its size and complexity.

4.2.4 Assessment of technical safety in concept s studied

The Aasta Hansteen hull is a Spar unit split into three sec  tions. See Figure 4-12. Its topmost
section is a circular cylinder with a diameter of 50 met res and height of 98 met res,
incorporating condensate storage . The lowest sectionisa 10-metre -high rectangular tank
for solid ballast, while the central section is a truss structure. Standing 198 met res high
overall, the hull weighs 46 000 tonnes .

It is moored with 17 taut lines and can pull 12 risers and four umbilicals into the centre of
the cylinder .

Developing Aasta Hansteen depended on technology qualification in a number of areas d not
necessarily new technology, but new applications of existing solutions . This related to such
areas as the actual Spar concept, the polyester mooring system, the steel risers, the well
maintenance system and SSIVs.

Power and heat are needed on the field for process and supporting facilities, the export
compressor and the living quarters. The facility has a max imum electricity requirement of
56MW. Local power generation using gas turbines was selected. One turbine generates
electricity and another drives the export compressor, which will recover heat to meet
requirements in the process and the living quarters.

Measuring 100 x 50 met res, the topsides have three deck levels . Their dry weightis 23 000

tonnes and the maximum permitted operational weight is 31 500 tonnes . The topsides rest
on four points at the top of the hull. Three production risers and one for exp ort are
conducted through pull  -in tubes in the centre shaft to deck level . Additional capacity is

provided for seven production risers, one export riser and one umbilical.

The platform is divided into four main areas: process with flare boom, utilities, li ving
guarters and hull. The hull accommodates storage for condensate and fresh water as well as
various systems.
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Incorporating living quarters, process and utilities, the topsides are built as an integrated
structure and were mated with the hull before tow  out to the field.

The process plant has been designed in accordance with established requirements and
standards related to preventing accidents or hindering their escalation.

Extensive model tests and calculations showed that the platform would have good m otion
properties, which was of great significance for the choice of concept

The risers are the SCR type, which are pulled in through guide tubes protected within the
main structure itself and terminate d on the topsides cellar deck.

Stabilised condensate i s store d in four tanks in the hull, located beneath the zone exposed

to possible ship collisions. A carpet of HC gas minimises vaporisation of VOCs from the
store. Condensate is pumped to shuttle tankers with submerged pumps. The basic principle

is that al | HC systems will terminate on the process side of the topsides cellar deck. A 12 -
inch loading hose is used, with loading taking place about once a month.

Steel catenaryrisers

Upper hull section The platform Motions

Figure 4-12. lllustration of the Spar platform. (Source: Acona)

Aasta Hansteen | ies in the northern  Norwegian Sea, a long way from land and existing
infrastructure . The water depth in the area is about 1 300 met res, and the combination of
wind, wave and ocean currents  is among the most extreme on the NCS. This meant that the
field basically represented an unusually demanding development.

This part of the Norwegian Sea, then known as the Vgring Plateau, attracted great interest
and optimism around the mid ~ -1990s. Ahead of the 15th licensing round, which covered the
area, a big commitment was made , both nationally and in the oil companies ,tolong -term
research o n and technology development for de  ep water. The results of this work have
already been implemented in projects with less demanding conditions, while other activities

have continued even after disappointing exploration results on the Varing Plateau. However,
the discovery of Aasta Hansteen  (Luva) was one outcome of this licensing round, and its
development benefited greatly from the preceding technolog ical advances.

Special safety challenges

Great attention is always paid in the project execution phase to topsides , Which involve
opportunitie s for HC leaks and many work operations. Compared with other NCS platforms,
however, four areas in particular stood out as potentially safety -critical:

1 theriser system
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9 the mooring system
1 condensate storage
1 the offshore loadings ystem.

Ariser system with SCRs has not been used before on the NCS or in other areas with a
climate as tough as that on Aasta Hansteen. Platform motion and the interaction between
platform, riser and seabed are critical for riser durability.

The deepwater mooring system and th e use of polyester mooring lines contain new
elements and are critical for the safety of the riser system.

Condensate storage is new for this type of platform and has increased its complexity.

Offshore loading has always been regarded as a weather  -dependen t and relatively risky
operation. The Spar platform has a geostationary design, which means that tankers can lie

in different positions in relation to it 8 depending on wind direction. Collisions between
platform and tankers must be  assessed specially .

The topsides are characterised by functionality and capacity, and their main layout does not
differ significantly from that on a number of other Norwegian platforms. Equipment
quantity, for example, is fairly similar to the Kristin facility. (However, Aasta Hansteen & total

topsides weight is rather  higher because of heavier steel structures )

Topsides design is more similar to typical topsides on fixed platforms than on floaters, and
does not differ with regard to area division.

425 Operator 6s saf ety dasseadmgngsses an

In the PDO documentation, the operat or notes that great emphasis had been placed in the
project on a systematic approach to risk reduction i n all activities. Se e Figure 4-13. The top
priority was to develop an inherently safe concept , followed by work on risk reduction in
accordance with the Alarp  principle. A number of risk analyses were conducted with Hazid

and qualitative as well as quantitative analyses

Personnel risk was illustrated and quantified as calculated FAR values. The biggest
contributions came from

1 process

9 helicopter transport

1 work -related accidents
91 ship collisions.

The most important factors in relation to major accidents were:

9 fires and explosions following ignition of HC leaks from the process plant
91 helicopter transfer

9 fatigue fractures in risers

1 explosions inthe condensate store.

The platform is divided into four main areas: process with flare boom, utilities, living
quarters and hull.

An SSlIVis fitted to the gas export riser at the  subsea Plem to isolate the platform from the
gas export pipeline. A similar syst  em is not used against the production risers, which are
much shorter and have smaller  diameters .

Risers are always critical for a project which utilises a floating production unit, and their
criticality rises with water depth.

Extensive model trials  have been conducted to verify motion properties and safety in
relation to wave slamming, green seas breaking over the Spar topsides and the clearance
between waves and topsides.

Figure 4-13 presents an overview of the most important safety -related issues assessed by
the operator in the early phase

82



Figure 4-13. Safety -related issues assessed by the operator in  the early phase. (Source: Acona)

4.2.6 Risk understanding and worker participation
The project devoted great attention from the start to critical elements of the concept:

risers 0 materials and failure mechanisms
mooring o materials and installation
condensate storage 0 safety

offshore loading & Goliat e xperience
climate conditions & Multiconsult study
weight control.

=A =4 =8 -8 -8 -9

Equinor has several major projects under way in parallel at all times. Over the years, it has
established a best practice on how to involve the safety service, unions and not least the
operations team in the various project phases. This reduces the risk of later changes and
contributes to production  -friendly technical and operational solutions

Risks were systematically identified as early as the f easibility studies and followed up
systematically in all parts of the project in terms of establishing actions, implementing these
and checking that they had the desired effect.

4.3 From DG2 to award of main contracts
4.3.1 PDO process

A substantial number of Spar  platforms are operational today, primarily in deep water in the
Gulf of Mexico. These have been delivered by Technip, which also holds certain patent rights
related to the concept. This company was therefore an obvious candidate to deliver a Spar
facility for Aasta Hansteen. At the same time, entering a Feed phase with only one supplier
in a critical area presents a challenge for
Aker was included as a competing solution, and Feed studies of the two concepts  were
conducted in parallel.

Feed studies were simultaneously carried out for the topsides, subsea production system,
risers, flowlines and umbilicals. The extreme conditions on Aasta Hansteen (water depth,
wind, currents, waves and low seabed temperatures ) meant a number of elements in the
development solution called for special attention 8 new technology. Examples include:

1 Spar concept with condensate storage on the NCS
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