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1 OBJECTIVES

1.1 Objectivesof the DEMO 2000 programme

The main objective of the DEMO 2000 Programme is to contribute to long-term competitiveness
in the oil industry and continued profitable devel opment of the resources on the Norwegian
continental shelf. The Programme shall generate expertise and qualify new technology that
enables new field development on the Norwegian continental shelf through the utilisation of new
and more cost effective technology. The intention is also to use the programme to launch new
Norwegian industrial products, systems and processes for sale in the global offshore market.

1.2 Objectives of the Integrated Uncertainty M anagement project
Integrated Uncertainty Management isa DEMO 2000 project, with additional externa partners.
The main objective of the project Integrated Uncertainty Management (Phasel) is:

"To improve economic performance of oil and gas fields by developing and demonstrating work
processes, methodol ogies and tools within uncertainty management. Thiswill result in efficient
identification and communication of uncertainty and improved decision support throughout the
value chain of an offshore field. Special focus shall be put on early phases up to and including
award of major contracts”

Particular emphasisis put on combining the opportunities of the reservoir with the uncertainties
in building and operating the facilitiesin afull technical, economical and commercial risk
evaluation.

1.3 Objectives of thisreport

This report summarises the results from the B-activities of the Demo2000 project "Integrated
Uncertainty Management" For more in-depth information on the theoretical foundation and
description, please refer to the reports:

"Demo 2000 - Framework for Mapping of work and decision processes - CTR No B1".
"Demo 2000 - Work and Decision Processes of Suppliers- CTR No B2".

"Demo 2000 - State-of the-art of Multidisiplinary Uncertainty analysis- CTR No B3".
"Demo 2000 - Development of Building Blocks and preparation of input for Integrated
Uncertainty Analyses- CTR No B4".

"Demo 2000 - Standardised method for multidisciplinary uncertainty analysis- CTR No B5".
"Demo 2000 - Demonstrator , Results from using the standardised method for
multidisplinary analysis uncertainty analysis- CTR No B6".

"Demo 2000 - Demonstrator , Guidance on how to use the computer model for integrated
uncertainty analysis- CTR No B6".

NN TN N

NN

3
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2 INTRODUCTION

Offshore field development is a complex activity involving uncertainties from a wide range of
sources. These uncertainties comprise both potentially negative/unwanted consequences (risks),
but also positive/desired consequences. Managing these uncertainties in an optimal manner
taking into consideration all links of the value chain and different phases of the lifecycle of the
field is the objective of Integrated Uncertainty Management. The uncertainties come from awide
range of areas and disciplines, and may be of acomplete different nature. Nevertheless, they all
contribute to the overall uncertainty of the total field economy.

The actual production characteristics of reservoirs have aways been a major uncertainty when
deciding on the development solution for the fields. Good communication and understanding
between the reservoir engineers, the facility engineers and operations group, is a pre-requisite to
minimise the risk for costly mistakes and utilise the vast upside potentials that exist in most
reservoirs. In a situation where production systems are brought closer to the reservoirs (seabed
separation and down-hole factories), the need for collaboration has become even more important
than before. This callsfor highly integrated reservoir — facility - operation teams and tools
matching these needs.

The need for a standardised approach to uncertainty analysis and management of field
development solutions covering all involved disciplines and phases of the lifecycle is obviously
expedient.

When thisis accomplished, the analysis may produce valuable decision support information
related to

?? Tota uncertainty related to different field development concepts

?? Robustness and sensitivity of a concept to changes in underlying parameters
?? Cost-benefit of introducing new technology into a concept

?? Cost-benefit and optimal degree of flexibility in afield development concept
?? Decision support for ranking different field development alternatives

?? etc
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3 DECISION UNDER UNCERTAINTY

The most challenging decision business executive face is choosing among aternative capital
investment opportunities. This is because the decision maker must choose a single course of
action from among those available to him, even though the consequences of some, if not all

possible courses of action will depend on parameters that cannot be predicted with certainty.

Different techniques for understanding, analysing and managing risk and opportunities within
decision making processes are available, afew of these are discussed briefly below;

?? Traditional discounted cash flow approach
?? Deterministic scenario based approach
?? Probabilistic approach

3.1 Traditional discounted cash flow approach

Traditional discounted cash flow (DCF) analysis techniques may be used to give a perspective of
the attraction of the investment opportunities. The future cash flow of offshore field investments
arein general uncertain. The effect of the cash flow uncertainty is usually incorporated into the
discount rate in the traditional approach. The discount rate used is the (risk-adjusted) market rate
for projects of similar risk levels, i.e. the expected return on alternative investments of similar
risk.

The inherent uncertainty (technical, economical, time schedule, etc.) of aternative solutions for
specific offshore field may differ significantly. Hence, to be able to compare concepts one must
introduce a risk-adjusted discount rate for each of the solutions; perform uncertainty analysis for
all of the field development alternatives.

Given the risk-adjusted discount rates of each of the development solutions and the most likely
cash flow, a point estimate of the net present value may be cal cul ated.

This approach to cal culating the performance measure under uncertainty still only provides one
number for indicators. Both the most likely value and the associated range of the performance
measure should be considered before a decision is made.

The methodologies used by oil companies to estimate the range of the performance indicators
varies from deterministic scenario based approach to “fully” integrated probabilistic approach
out of which the deterministic scenario based approach is the least sophisticated.

3.2 Deterministic Scenario Based Approach

The deterministic scenario based approach produces a most likely value and the associated range
of the performance measure in question.

In general, the value of performance indicators of feasible field development solutions depends
on a set of uncertainties originating from different sources. The uncertainties that have an
influence on the financial value of the investment opportunity are typically related to drilling,
capital, operational, abandonment costs, drilling and construction schedule, concept performance
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(infield flowline capacity, production ceilings, well deliverability, downtime, etc.) and amount
of future income (reserve volumes, oil price, etc.).

The complete set of possible outcomes (outcome space) of a performance indicator may be
extracted from a set of calculations taking into consideration all possible combinations of the
realisation of each the random variables. However, thisis an impracticable task as the number of
combinations easily becomes enormous. Normally, a couple of cases are selected to represent the
future realisation of the set of uncertainties and thereby the range of the performance indicator.
Typically, apessimistic and an optimistic case are selected in order to estimate the range of the
financia indicator in question. The scenarios are populated with values extracted from
uncertainty analyses performed by the various disciplines and the estimates are supposed to
represent the most probable outcome and the range of the indicator in question. However, these
scenarios are rather arbitrary in nature and such “deterministic” case based approaches do not
aways give agood picture of either the most likely outcome or the outcome range as the
cumulative probability associated with each of the estimates are unknown.

This deterministic case based approach does not fully honour the uncertainty. A probabilistic
integrated approach that aims at representing the total uncertainty of investment opportunitiesis
presented in the following. The aim of such analyses isto help the decision —maker choose
wisely under consideration of uncertainty.

3.3 Probabilistic Approach

In order to make proper decisionsit is essential that the total uncertainty picture is revealed. Such
approaches require use of statistical techniques that incorporate uncertainty more fully into the
analysis utilising probability distributions rather than single deterministic numbers. The statistics
of the performance indicators needs to be revealed in order to have a good picture of the risk
level of the aternatives.

Uncertainty analyses are commonly performed today within the various disciplines and
throughout the different phases of the lifecycle. However, integrated models that represent the
total uncertainty provide more precise decision support. This approach necessitates the use of
multidisciplinary skills and resources and will be referred to as an integrated uncertainty
analysis. Integrated Uncertainty Analysis and the results of such is described in the remaining
chapters of this report.

The calculations of economic indicators such as net-present value (NPV) rests on a discounted
cash flow (DCF) approach. Having introduced the integrated uncertainty analysis approach and
total uncertainty, the magnitude of the risk-adjusted term may have to be re-considered. For
example, if market fluctuations are included in the model as an uncertainty, it is necessary to
identify whether this element already is accounted for and adjust the risk term of the discount
rate accordingly.
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4 INTEGRATED UNCERTAINTY ANALYSIS

Integrated Uncertainty Analysis must be multi-disciplinary but also need to cover the lifecycle of
the field in order to produce a representative total uncertainty related to the field devel opment.

The lifecycle of an offshore field may be described using 5 phases:

?? Explore (Exploration)

?? Appraise (Field development)
?? Develop (Realisation)

?? Produce (Operation)

?? Abandon (Removal)

Thelifecycleisdepicted in Figure 1.

Exploration
Development

Production
Abandonment

Figure 1 lllustration of thelifecycle

The cash flow of cost and income for afield development will vary throughout the phases of the
lifecycle. Thetypical cash flow of an oil and gas field development is shown in Figure 2. This
figure illustrates the connection between the phases and the main cash-flow contributors. As can
be seen from the figure, there is no strict one-to-one correspondence between the phases of the
lifecycle and the cash-flow contributors; for example drilling expenditures (DRILLEX) may be
found in both the appraisal, devel opment and production phase.
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Figure 2 Typical cash flow of an oil and gasfield development

The uncertainty of the cash flow profile of an offshore investment project depends on a set of
uncertainties originating from arange of sources. For example, the uncertainty related to the
income profile depends on the uncertainty in reserve volumes (subsurface), product sales prices
(economical) and concept performance (facilities). To get a representative picture of thefield
economy all parameters that contribute significantly must be included; a multi-disciplinary
approach is required.

In addition there are arange of uncertainties that have an impact on the attractiveness of the
investment opportunity, but are independent of the specific solution and its lifecycle. These risk
drivers and constraints are external to the solution in question and are “governed” by the assets
surroundings. Such uncertainties are typically political, legal, social, cultural, market output
production, activity level at yards, gas demand profile, financing strategy etc.

We have now touched upon al categories of uncertainties that effects the attractiveness of an
investment opportunity and are ready to draw a picture of the total uncertainty. Within this report
the uncertainties are grouped according to their source of origin. The groups and some typical
uncertainties areillustrated in Figure 3.
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Figure 3 Schematic illustration of the total uncertainty of an offshoreinvestment project.

Asillustrated in Figure 3 afield development solution is subject to risk drivers and constraints
from the project, the company/corporate level and company external variables:

?? Project internal: This group contains uncertainties that are specific to the concept in
guestion. These are typically related to drilling, capital, operational, abandonment costs and
income potential (resource basis and system performance).

?? Company internal: This group contains the models, variables or constraints that follow
from company strategies, plans and data/information systems. These are external to the
project, but may impose restrictions/constraints on the project.

?? Company external: This group contains external independent variables that enter into the
other models. These are typically political, social economic, cultural, market etc.
uncertainties that may come into play throughout the asset lifecycle.

Further to thisit is useful to group the uncertainties into the following classes:

?? Parameter uncertainty/estimate uncertainty: Uncertainty associated with the value of a
particular random parameter. The possible outcomes of a random variable are usually
described by a statistical distribution. Parameter uncertainty is sometimes also denoted as
estimate uncertainty.
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?? Discrete events: Uncertainty associated with the (future) occurrence of an event. A discrete
event has a probability of occurrence and an impact if it occurs. Events may occur as the
result of

- External/internal event: Event occurring outside/inside the scope of the project.
- Decision: Event occurring as the result of adecision
- Action: Event occurring as the result of a decided action

Schematically, the estimate uncertainty and discrete events areillustrated in Figure 4.

<\\ Events D

% r

I:I

Estimate uncertainty

The possible outcomes of
the random variable, usually
described by a statistical
distribution.

/Q

IZI
v

Schedule . Cost

Optimistic - Expected - Pessimistic

Discrete events
A discrete event hasa
probability of occurrence,
and an impact on the project
if it occurs.

Probability * Consequence

Figure 4 Illustration of the contributionsto the total uncertainty originating from estimate
uncertainty and discrete events. The eventsareillustrated as " flashes' in thefigure.

To get arepresentative picture of the field economy or the attractiveness of an investment
opportunity al parameters that contribute significantly must be included. The information
required will in general be produced by the underlying disciplines. Because of the high level of
detail and expert knowledge the information base usually become voluminous. The data from the
detailed analyses must be appropriately aggregated before it may be used in an integrated

uncertainty analysis. The information generation and aggregation process is depicted in the
figure below.
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Figure 5 Aggregating infor mation from the disciplinesinto the integrated model

Note that the integrated uncertainty model utilise information and data from the expert systems,
without trying to replace the detailed analysis performed by these disciplines.

Having established an integrated uncertainty model of the field development solution, the
statistical properties of the performance indicators may be revealed. Upon simulation the model
provides afull probability distribution for the decision parameter (target objective) in question,
which allows one to determine all statistical quantities like mean value, standard deviation, 10%-
percentile, 90%-percentile, skewness, etc. In this approach, the probability distribution
incorporates both the downside potential (risk) and upside potential (opportunity). It is common
to represent the statistical propertiesin form of a cumulative distribution function or as-curve as

depicted below.
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Figure 6 Schematic illustration of two cumulative probability distributionsfor a net
present value (NPV). The cumulative distribution gives the probability that the NPV is

equal to or smaller than a given value: (1) The baseline distribution and (2) With actions
implemented.
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4.1 Thelntegrated Risk Modelling Approach (IRMA) method

A standardised method named Integrated Risk Modelling Approach (IRMA) have been
developed to handle integrated uncertainty analysis for field development solutions. The main
objective of the standard method is to develop amodel for calculation of decision parameters
(target objectives) taking the total uncertainty into account.

The standard method is based on a stepwise development process and it generates a model
according to a standardised structure (sub-model levels). The steps provide a structured
refinement of the information models and will take a model from abstract towards more concrete
levels. Each step is associated with a particular type of information model, namely:

?? conceptual models
?? qualitative models
?? quantitative models

?? computational models

The sequence of stepsisillustrated in the figures below.

Activities in the method

Description

LU

AKX N N

#  Specify the dependencies mathematically
Des havioral models by algorithms
s in the structural models with appropriate

an adequately represent the model

taional model based on the specification in the

Increasing level of model concreteness———p

Figure7 Main stepsin the standar dised method

A key decision in the first step is to choose an appropriate level of precision. Based on this
decision, one can gradually make the model more concrete until it eventually is a computational
model that calculates target indicators for the selected target objectives.

The sub-models that comprise the integrated uncertainty model are generated according to a
standardised structure. A layered system consisting of three sets of sub-models has been selected
for this purpose. The sub-models are located in the layered system according to the role they
play in providing decision support to the user. The set of sub-models are named ; indicator -,
behavioural- and structural models The sets are described in sections4.1.1 - 4.1.3.
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4.1.1 Structural modelsrepresent how the system is composed

The main purpose of the structural models isto represent the properties of the different elements
of afield development solution from; reservoir and installation .

The genuine properties of each structural model or building block are extracted from standard
uncertainty analyses produced by the underlying disciplines. The properties of a structural model
istypicaly:

?? drilling, capital, operational and abandonment costs,

?7? tariffs,

?? cost profiles,

?? dtart point and duration of the EPCI phases,

?? system properties (flow capacity, system availability etc.)

The set of sub-models that represents the structural level are built according to the Standard Cost
Coding System (SCCS) developed by the Joint Norwegian Operator Committee consisting of
Statoil, Norsk Hydro, Saga Petroleum and the Norwegian Petroleum Directorate (NPD). Level 2
of the SCCS system is shown below:

AD:Subsea production system

AA: Topside system B:Onshore Facilities

\ AB:Substructure \
AC: Wells Y

AE:Transport System

N

-l

Figure 8 Standard Cost Coding System, Level 2

/Reservoir

The building blocks that comprise the field development solution areillustrated in Figure 9.
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Figure 9 Structural models, Building blocks

4.1.2 Behavioural modelsrepresent how the system works

The behavioural models represent how things works, interacts or behaves; how the set of
structural elements perform. The main purpose of these modelsis to provide the required
information to the indicator (models).

The time schedule of afeasible field development solution represents a behaviour model. The
main purpose of the schedule model is to estimate the time-of-first-oil that isinput in the oil and
gas production model. The schedule model is composed of the necessary activities of the EPCI
phases and drilling, which all have to be completed prior to production.

The schedules for the main activities are illustrated in the figures below for the 3 alternatives
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Figure 10 Main activitiesin the schedule for the 3 alternatives

The schedule model receives input from the structural models with start dates and duration of the
various EPCI activities and the necessary drilling before production start, and cal culates TOFO
that isinput to the production model.

4.1.3 Indicator models measure the system

The essential purpose of an indicator isto measure a certain aspect of the modelled system. The
Net Present Value (NPV) and the Internal Rate of return (IRR) are two common indicators used
to measure different economic aspects of afield development solution.
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Cash flows

CAPEX, OPEX, DRILLEX,
Sales etc

I

Behavior models

I |

Reservoir I Facilities I

Figure 11 Input flow towards an indicator model

Production profile, Schedule etc.

The layered system of sub-models (structural, behavioura and indicator) of the IRMA method is

illustrated below:
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Figure 12 Schematic illustration of the quantitative model. The names of the variablesare
indicated in thefigure, with a prefix corresponding to the PBS element of SCCS.
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4.2 Strengths of the standardised method

As sub-models contain the genuine properties of astructural part of the system, a behavioural
part of the system, or an indicator of the system, different concepts or cases may easily be
established simply by replacing one sub-model by another. The standardised method is therefore
specifically designed for studies of:

Entirety approach (total uncertainty)

Concept selection (severa different sub-models for the different concepts in the total model)
Flexibility and robustness (sub-models with different degree of robustness and flexibility)
New technology (sub-model with new technology)

Supportsthe “LEGO” —principle

Does not replace detailed analyses, but provide a means of aggregating data from the
disciplines.

Handles different levels of detailing
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5 IMPACT ON CURRENT WORK PROCESSES

Uncertainty analyses are commonly used today within the various disciplines and throughout the
different phases of the lifecycle. However, in order to estimate the total uncertainty of adecision
parameter (target objective) the information from these separate analysis need to be integrated.
In order to incorporate the integration process, the current work processes need to be altered as
illustrated schematically in the figure below.

e

Business Exploration Appraisal Development Operation Abandonment
Process /') Feasiility ) Concept ) PDO Prep ) /"™~ _ L,
7
/
\

N,
e

G&G 11— unc. model ‘\\\D — [_unc.moder J \ \ \ ) .
=] e, model N\ () e moder )\ \ ) 1.) The activities in the
Uncertainty Field Dev. 17 unc. |\ } (une. 1\ \ \ ) present work processes
Management (Economy % LT [ lmodel | Cdlmodel] 'V y) (yellow)
(Management /' *— ] /] — [/ /)
[In(egrator / // // / )
AV \ \ \ \
G&G
Rese,voi,\ AN\ i \\\ \ ﬂ 2.) The activities in the
B‘r‘]i%;f;?r?ty Fiold Dev._\. 0 X\ X ) | standardised method
Modelling Economy DD V) (green), being integrated
// // } across disciplines and
over time.
\\ A\ \
)
Integrated \ ) 3.) Integrated uncertainty
ance“a‘my . \ } management, where
anagemen 7 ) integration is both across
/ ) disciplines and over time.
Irtegrated Uncertainty Model

Figure 13 Schematic illustration of the work processes (upper), the processesin the
standardised method (middle), and the combined process (lower), i.e. theintegrated
uncer tainty management process.

Note from the figure that a new discipline has emerged, namely the "integrator”. The role of the
integrator isto facilitate the uncertainty management, i.e. to conduct some of the activitiesin the
method and to facilitate the activities involving several disciplines. Although thisis partly the
mandate of project leaderstoday, it still introduces genuinely new activities.

Because of the high level of detail and expert knowledge the information base usually become
voluminous. The information must go through a “filtering” process before it may be used in an
integrated uncertainty analysis. This “filtering” normally takes place in the disciplines (expert
evaluation). The disciplines will hand over information to the uncertainty integrator .
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6 CONCEPT EVALUATION

This section gives a short description of how the method and results presented in this report may
be applied to concept evaluation and ranking.

From atechnological viewpoint the main purpose of the evaluation isto come up with the “best”
development concept for the field. The term development concept refers here to the assessment
of the field’ s production base and commercial potential aswell as outlines of any technical
solution, utilisation of existing infrastructure and transportation alternatives.

6.1 Objective of the analysis

In order to demonstrate the use of the method an uncertainty analysis of a set of field
development alternatives have been performed. For details with regards to calculation procedure,
seereference /5.

The objective of the uncertainty analysesis to provide decision support regarding the following
decisions:
?? Selection of development solution
?? Assessing concepts robustness
?? Assessing cost-benefit of robustness
?? Assessing cost-effectiveness of flexibility
?? Deciding on the use of new technology

The documentation produced to support each of the decisions are presented in the following.

6.2 Different rankingcriteriafor alternative decisions

Decision support means information that allows the decision-makers to rank different
aternatives according to some ranking criteria or decision rule. Different decision-makers may
have different criteriafor ranking the alternatives, asthey may have different risk attitude. The
decision-maker’ s risk attitude determines which decision criteria are the more important. The
chosen criteriawill reflect the risk attitude of the decision-maker. Three target objectives are
selected here. The first two are strictly financial, namely,

?? Net present value (NPV)

?? Capital efficiency (Capeff)

In addition to these, it is of special interest to assess al'so

?? Timeof first oil (TOFO)
Thisin particular may depend on the maturity of the chosen technology.

In order to rank decisions, adecision rule or ranking criteria must be established. For the
Demonstrator, the following aternative ranking criteriawill be used:

?? Ranking alternatives based on the expected value
?? Ranking alternatives based on distribution percentiles P10/P9O0.
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6.3 Casedescription

An offshore field in the appraisal phase is selcted for the purpose of demonstration. The reservoir
contains 4 ssgments. Exploration wells have been drilled in segments 1 and 2 and oil and gas
was discovered. Segments number 3 and 4 are treated as prospects. The probability that the
prospects will contain oil and gas is for the purpose of this anaysis set equal to 70%.

Segment 4 low medium high
STOIP(MSm3) 3 6 10

RF(%) 10 15 20
RFplat(%) 5 20 30
Nr. Wells 1
Qoilwell 09 1115
1000 Sm3/d

GOR,Sm3/Sm3 50 70 110

g

Segment 2 low medium high ey segment data (approximate)

STOIIP(MSm3) 15 24 35

RF(%) 14 25 30

RFplat(%) 40 46 65

Nr. Wells 4

Qoilwell 11 1.3 18 Seg

1000 Sm3/d

GOR,Sm3/Sm3 50 70 110 A Segment 2 PrOSpeCt
g =

Segment 3 low medium high Segment Gas

STOIP(MSm3) 5 16 25

RF(%) 15 18 25

RFplat(%) 8 25 35

Nr. Wells 2 Segment 1

Qoi/well 09 11 15

1000 Sm3/d

GOR,Sm3/Sm3 100 170 220

Segment 1 low medium high
STOIP(MSm3) 29 35 42

N\

RF(%) 17 20 23
RFplat(%) 40 46 65
Nr. Wells 4
Qoilwell 1.1 1318
1000 Sm3/d

GOR,Sm3/Sm3 50 60 90

The main solution for development of the field are two modular subsea systems and a Well Head
platform (WHP). The wellhead platform has a jacket substructure. One subsea alternative
involve two subsea installations connected in series, each comprising a 4- slot template. The
other subsea alternative involve two subsea installations each comprising a 4- slot template and a
FPSO..

The three different development solutions named Case A, B and C are briefly described below.
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Case A

Subseainstallation using an existing fixed processing platform. Case A is analysed with or
without tie-in of prospects; segment 3 and 4. The field layout is shown in Figure 14.

Shuttle tanker

Modification \

Satellites

/ ¢ production ine \

« 2kmyJq akm
8km

Figure 14 Field development Case A

The main components of Case A are briefly described below:

AA -Topside: Processing of oil and gas at an existing platform. This approach requires major
topside modification on the existing platform.

AB — Substructure: No substructure required

AC -Wélls: Wellsto be drilled from an rented drilling rig. The base case have 4 subseawells for
each of the segments 1 and 2. If the prospects are considered, segment 3 isincluded with 2 wells
and segment 4 with 1 well.

AD - Subsea Production System: The base case consists of 2 subsea templates connected in
series. If the prospects are included three satellites are added. A set of infield
flowlines/umbilical's connects the Subsea Production System and the existing platform.

AE - Transport: The gas is exported onshore through an existing pipeline. The produced oil is
transported to a storage buoy and exported onshore by use of a shuttle tanker.

Referred to as Case A, Case A with prospects or Case A w/s 3&4 (including segment 3 and 4)
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CaseB

Subseainstallation and a hired FPSO. Case B is analysed with or without tie-in of prospects;
segment 3 and 4. Thefield layout is shown in Figure 15

Figure 15 Field development Case B

The main components of Case B are briefly described below:

AA - Topside: Processing of oil and gas on an Floating Production and Storage Vessel (FPSO)
and treatment of gas at an existing platform. This approach requires only minor topside
modification on existing processing platform.

AB - Substructure: Hired Floating Production and Storage Vessel (FPSO)

AC - Wédls: Wellsto be drilled from an rented drilling rig. The base case have 4 subsea wells
for each of the segments 1 and 2. If the prospects are considered segment 3 isincluded with 2
wells and segment 4 with 1 well.

AD - Subsea Production System: The base case consists of 2 subseatemplates. If the prospects
areincluded three satellites are added. A set of infield flowlines/'umbilicals connects the Subsea
Production System, the FPSO and the existing platform.

AE - Transport: The gasis exported onshore through an existing pipeline. The produced oil is
exported onshore by use of a shuttle tanker.

Referred to as Case B, Case B with prospects or Case B w/s 3& 4 (including segment 3 and 4)
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CaseC

Wellhead platform with tie-in to existing process platform for processing of both oil and gas. .
The WHP alternative includes long horizontal wells, tie-in of satellites are not considered for
Case C. Thefield layout is shown in Figure 16

K Shuttle tanker
tion ‘
8 km|

Well Head
— Platform

15-20 km

/

Figure 16 Field development Case C

AA —Topside: Processing of oil and gas at an existing platform. This approach requires major
topside modification on the existing platform.

AB — Substructure: Jacket

AC - Wdlls: Wellsto be drilled from the Well Head Platform A total of eight wells are drilled; 4
wells for drainage each of the segments 1 and 2. This alternative require drilling and compl etion
of extremely long wells (8 km).

AD - Subsea Production System: A set of infield flowlines/umbilicals connects the Well Head
Platform and the existing platform.

AE —Transport: The gasis exported onshore through an existing pipeline. The produced oil is
transported to a storage buoy and exported onshore by use of a shuttle tanker.

The dry tree solution provide better reservoir management and the total recovery of this
development solution is approximately 10% higher than that of the sub-sea solutions (the
minimum, the maximum and the most probable value of the probability density function of the
recovery factor isincreased by 10 %).

Referred to as Case C.
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6.4 Selection of Development Solution

Providing decision support with regard to concept selection is one of the strengths of the
standardised method. The method allows for calculation of the relevant indicators that serve as
the basis for the decision support.

In addition to the selection process described above, more detailed information regarding the
aternatives may be obtained using various sensitivity measures. The sensitivity anaysis
provides more insight into the various contributions to the uncertainty

After the alternatives have been ranked according to the ranking criteria/decision rule, the
robustness of the concept should be analysed. This comprises

?? Robustness of physical system: The likelihood that a physical parameter (pressure,
temperature, weight, etc) stays within the acceptance limits (design criteria). The robustness
isameasure of how much variation in physical parameters the selected concept can accept.

?? Robustness of indicators: The likelihood that the indicator(s) for the target objectives stay(s)
within the acceptance limits and how much variation in underlying parameters can the
indicators accept before they fall outside the acceptance limits.

?? Robustness of decision: The likelihood that the "best” decision will - in retrospect - still be
the best decision, and how much variation in the underlying parameters can the alternatives
accept before the ranking is altered.

The information on sensitivity and robustness provide additional information that may be used
directly to rank the alternatives (by letting the sensitivity/robustness be the ranking criteria) or
indirectly as a means to substantiate the ranking/decision.
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6.4.1 Concept Ranking

The cumulative distribution function of the net present value of the selected concepts are given
in Figure 17. The expected net present value of alternative B with tie-in of prospectsis larger
than the expected net present value of all other alternatives alternatives. If the decision criteriais
the expected net present value; Case B with prospectsis the preferred alternative.

Probability

1.017

0.97

T Case A w/s 3&4, ? =5009.2 Case C, ? = 4655.4
0.8T
0.77

CaseB, ?=4187.0 Case B w/s3&4, ? = 4529.0

0.6T

0.51

o4t Case A, ? = 4134.00
0.31
0.271

0.171

T t ¢ " + + + : ! ! | ) I ! I NPV
0 1000 2000 3000 4000 5000 6000 7000 8000

0.0

Figure 17 Cumulative distribution of Net Present Value of alternatives (? = mean value).

As an aternative to the standard presentation format of the cumulative distribution function,
statistical results may be presented by use of bar graphs. The bar graph is a transformation of the
values of the cumulative distribution function along the variable axis. The mean, the 10, 20, 80
and 90 % fractiles of the distribution of the net present value of the five different solution
aternatives are presented in form of a bar graph in the figure below.
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Statistics for npv

Case B w/s 3&4T

Case CT

Case A w/s 3&4T

Case B

3000 4000 5000 6000

10-90 percentile
20-80 percentile

_|_

L Mean

+ NpV

Figure 18 Bar graph of Net Present Value of alternatives.

If we select the expected capital efficiency as the decision rule, Case C isthe best alternative, see
Figure 18. And the upside potential of Case C is significant larger than for the other alternatives
with regards to capital efficiency. Note that the ranking of the alternatives have changed as
compared to the ranking based on the expected net present value.

However, if the decision criteriais changed to the 10% fractile of the distribution, Case A
becomes the preferred aternative.

Statistics for Capeff

Case CT

Case AT

Case Aw/s 3&4T

10-90 percentile

B wi 4T
Case B w/s 3& 20-80 percentile

L ] Mean

Case BT

— Capeff

06 0.7 08 09 10 11 12 13 14 15 16 17 18

Figure 19 Statistics for Capital Efficiency of the different alternatives.
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If expected time-of-first-oil before year 5 is selected as the decision criteriait is recommended
that Case C and Case B with tie-in of prospects are rejected as the expected time-of-first-ail is
6.0 and 5.4 years respectively , see Figure 20. If it issignificant that the oil production starts
before year 5, the preferred alternatives are Case A with or without prospects or Case B.
Depending on whether the net present value or the capital efficiency of the alternative is used to
support the decision, Case A or Case A with prospectsisthe preferred alternative.

Statistics for tofo

Case CT + l
Case B w/s 3&41 I +
Case BT -
10-90 percentile
20-80 percentile
Case Aw/s 3&4 T - Mean
Case AT I +I
............... tofo

43 44454647 48495.05152535455565.758596.06.16.26.3

Figure 20 Statisticsfor time-of-first-oil of the different alter natives,
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6.5 Sensitivity measures

In an uncertainty analysis, all uncertainties contribute to the (total) uncertainty of the output
variable. In order to identify appropriate measures to manage the uncertainties, it is of special
interest to identify which are the most important uncertainties. Case A has been selected for the
purpose of illustration.

Sensitivity of output variable to omission of an uncertainty, i.e. making an uncertainty
deterministic isillustrated by fixing the following variables:

?? Topside expenditure; aaCapex (lump-sum contract for topside upgrading)
?? Recovery factor of segments 1 and 2
?? In-place volumes for segments 1 and 2

The deterministic values are set equal to the most probable value of the distribution. The results
of the sensitivity analysisis presented graphically in the tornado plot.

Statistics for NPV

Case A Fixed RfT . —l—
Case A Fixed aaCapex™ . +

10-90 percentile
20-80 percentile

Case A Fixed Stoiig L] Mean

CaseA.-l
——————+—+—+—+—+— NPV

3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400

+
+

Figure 21 Omission sensitivity; The uncertainty in theinput variablesis eliminated and the
effect on the uncertainty of the output variableisillustrated.

Out of the variables|ooked at her, the recovery factors are the most important uncertainties as
this has the largest influence on the overall results.

If the benefit of controlling/eliminating the uncertainty as calculated by this approach outweighs
the cost, the action is cost-effective. The difference between the expected net present value of
base case and the case with alump- sum contract for topside upgrading is 170 MNOK. It is cost-
effective to eliminate this uncertainty if the payment is less than this amount.
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Sensitivity of output to changesin a parameter describing a distribution (e.g. a mean value,
variance, P10/P90, etc) isillustrated by changing the following properties:

?? The most probable outcome of the Recovery factor of segments 1 and 2 decreased by 5%
?? The most probable outcome of the In-place volumes for segments 1 and 2 decreased by 10%
?? The P10 of In-place volumes of segments 1 and 2 decreased by 30%

The results of the sensitivity analysisis presented graphically in the tornado plot.

Statistics for NPV

Case AT

Case A MostProb Rf -5% .

10-90 percentile

20-80 percentile
Case A MostProb Stoiip -10%

Mean

Case A Low Stoiip -30%t +

+—t—t+—t+—t+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—++—+—+—+—1 NPV
2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200

Figure 22 Parametric sensitivity; The parameter describing the distribution is changed and
the effect on the uncertainty of the output variableisillustrated.

Among those sensitivities investigate here the decrease of the lower limit of the distribution
function of the in-place-volume is the most important as this variable has the largest influence on
the overall results. If the recovery factor is reduced by 30%, the net present value of the
investment decreases by 430MNOK. Importance may be ranged based on arealistic change, on a
percentage change etc., however, as the ranking express the relative importance of variables the
change need to be harmonised.
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6.5.1 Robustness, flexibility and real options

The sensitivity measures defined so far address questions of the form "How much does the
output change when the input variables change?' Instead we might be interested in the answer to
“Wheat is the probability of upgrading given the selected concept?

6.5.1.1 Robustnessof physical system

A physical system is designed to meet different design criteria, such as area, weight, process
capacity, etc. If the actual performance of the system does not meet these criteria, actions have to
be implemented. To minimise the chance of having to perform such after-the-fact actions, one
may add robustness to the physical system by (cost-effectively) investing in extended design
criteria, such as estimated necessary oil processing capacity plus added reserve.

The process of obtaining optimal design criteriais not trivial. The processisoutlined in a
simplified manner below.

?? Thedistribution of the “required” oil production capacity and the selected design values are
given, see Figure 23. Therequired oil production capacity is estimated to be between 40,000
and 100,000 STB/d with 50,000 as the most likely value. The design valueis set equal to the
expected value (?), the most probable (peak) and the 10, 50 and 90 % fractiles (p1o, pso and
Poo) Of the probability density function. The probability that the selected design valueis
adequate defines the robustness of the design. The failure domain is defined as the area
beyond the design value; the probability that re-work is required isillustrated in the figure for
adesign value equal to poo.

Probability density function

0.00004

0.000035

0.000015 +

=

£ 000003 . .
g |Failure domain
& 0.000025

g /

£ 0.00002
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S /

©

o

o
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o

0.00001 - \\\\J‘
0.000005 -
0 XK=
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Oil Production Capacity [STB/d]

|+Distr. —— Mean p50 Peak —¥—p10 —+—p90|

Figure 23 Distribution of the“required” oil production capacity, design criterion and
associated failure domain
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The area of the failure domain is afunction of the selected design value and decreases as the
design value increases. However, it isnormally not cost-efficient to select the largest estimated
value as the design value.

A Floating Production and Storage Vessel (FPSO) has been selected for the purpose of
demonstration. The weight and area of the production plant of a FPSO may only be increased
within certain limits after the main dimensions of the vessel has been decided upon. In order to
find the most cost-efficient design value the following relations are derived:

?? The expected cost of an FPSO as function of production capacity (design value). The cost per
STB/D is set equal to 47,000 NOK

?? The probability of upgrading as function of the design value.

?? The expected cost of re-work. The cost of re-work is a calculated as the standard cost times a
re-work factor. In this demonstrator, the re-work factor equals the ratio of the selected design
value and the estimated maximum “required” oil production capacity.

The expected total investment cost of the complete FPSO (hull and all systems included) as
function of the oil production capacity is estimated based on the above. The expected total cost
includes the expected design cost, plus the expected re-work cost. The expected re-work cost is
the re-work cost times the probability of re-work, i.e. the probability that the design criterion is
exceeded. The expected total cost is shown in the figure below:

Cost of FPSO
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Figure 24 The expected total cost for a FPSO asfunction of the oil production capacity.
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The design value of the oil production capacity should be set equal to the expected value of the
distribution in order to minimise the expected total cost of the development solution; the FPSO
should be designed based on this value. If the 10% fractile is selected asthe design value, the
total expected cost increase with 400 MNOK.

For this particular case the optimal design value is the expected value even though the
probability of exceedance of the 90% fractile design value is significant lower than that of the
expected value; increasing the robustness of the design through an increase of the design value of
the oil production capacity beyond the expected value is not cost-efficient for this particular case.

6.5.1.2 Robustness of indicators

Similar to the robustness described for the physical system, we may define the robustness of the
indicators, such as NPV, IRR, TOFO, break-even ail price, etc. The robustness of an indicator is
also defined similarly asthe likelihood that the indicator stays within the acceptance limits.
These limits may be defined externally (e.g. by weather windows), or they may set by alternative
investment concepts/solutions. The time-of-first oil is selected to illustrate how the robustness of
an indicator is estimated, see Figure 25

1st of November

Probability Case B w/prospects H
0.0307 o CaseC
CaseB .
Case A w/prospects H
0.0207
CaseA -
0.010T
| H
0.000 - - ' “" - ; - 1 tofo
1 2 3 4 5 6 7

Figure 25 Probability density function and robustness of theindicator time-of-first-oil
(TOFO).

The probability that we will have oil on deck before 1% of November is 90% for Case B
w/prospects but only 10% for Case C. If Case C is selected there is alarge probability that the
installation may have to be post phoned up to a half year due unacceptable weather conditions.
This possible delay should be kept in mind and the effect on the capital efficiency should be
investigated further before it is concluded that Case C is the preferred solution when the ranking
is based on expected capital efficiency, see Figure 18.
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6.5.1.3 Robustness of decisions

The robustness of the physical system and the resulting indicators measure how much
uncertainty or variation these parameters may have before they pass the acceptance limits.
Similarly, we may define the robustness of a decision as the likelihood that a decision (based on
acertain decision criterion) stays within the acceptance limits. The acceptance limits are usually
defined by the other decision alternatives. Loosely speaking, the robustness of a decision isthus
the likelihood that the decision - in retrospect - was indeed the optimal one.

In order to illustrate how to calculate the robustness of a decision, the expected net present value
is selected as the decision rule. If case A and C are ranked based on the expected NPV,
aternative C isthe preferred selection, see Figure 17. Case C isthe best decision, but due to
uncertainty, there is a probability that Case A in fact will turn out the best decision.

The probability that Case C in fact will turn out to be the best decision, is the robustness of that
decision. With two possible decision aternatives, each with a distribution f;, the probability Pc
that decision aternative C will turn out to be the best is given by:

&
P, 22 2% f(X)? P, (¥) dy

??

The basisfor calculation is depicted in Figur e 26, see reference /5/ for further details. The
probability density functions of the net present value of alternative A and C have been
approximated by triangular distributions for the purpose of this demonstration.

p(NPV)
A ?= 4,.34.00

p(NPV)
? =4655.4 A
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0.0004} / CaseC
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\—— NPV

Figure 26 Robustness of a decision. Selection of alter native based on expected net present
value

The robustness of the decision expressed through Pc for this particular comparison equals 60%.
Thereisa60 % probability that the decision - in retrospect - was indeed the optimal one.
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6.5.2 Assessing cost-effectiveness of flexibility

During the project, new opportunities that cannot be handled cost-effectively within the selected
concept may arise. To plan for such possible changes one adds flexibility to the concept.

A chosen field development solution is considered flexible if it:

?? caninclude nearby marginal discoveries

?? new structures can be added to the solutions

?? has extra glots on a subsea template with pull-in porch for satellite wells
?7? etc

These are considered as flexibility rather than robustness because flexibility enables a concept to
handle structural changes. The value offered by flexibility may be treated in much the same way
asthat of optionsin financial theory. The challenge is to include the upside potential offered by
the flexibility, asit usually refersto an uncertain future income that is not part of the present
project plans.

Case A and B; the subsea concepts allow for tie-in of satellite wells. The investment required to
facilitate the tie-in may be done up-front to prevent more costly changes later on. The flexibility
isadded in order to allow for possible additional future income.

Whether it is cost effective to invest in flexibility up-front depends on the probability of
harvesting in the future and the additional cost of post phoned investment. In our case thereis an
additional tie-in cost of 500 million NOK if the investment is post phoned until the results from
the exploration wells are available. Further, the cost effectiveness of flexibility; the probability
that the prospects generate income in the future is set equal to 70% and 90%.

Statisticsfor npv
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Figure 27 Cost effectiveness of added flexibility.

The results from the analysis are presented in Figur e 27. Having selected the expected net
present value as the decision rule, it is concluded that it is more cost effective to post phone the
investment than investing up-front. The uncertainty of the future income is more important than
the additional cost of 500 MNOK.
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6.6 Including the effect of new technology

Analysing the effect of new technology is another important use of the standardised method.
New technology is an important contributor, and sometimes a premise, in new field development
solutions. Including new technology in a field development solution will typically give rise to
potential downside consequences and potential upside consequences (opportunities). Such
downside and upside consequences are typicaly:

Delayed schedule

Non-acceptance of technology

Reduced availahility of technology

Generally larger uncertainty in basic variables (cost, time, RAM data, etc)
Enhanced performance or recovery

Improved field economics

N3N IIIN

It isimportant to evaluate the combined and total effect of the new technology. A simplified
analysis have been constructed to illustrate the cost-effectiveness of using the new technology. In
order to increase the oil and gas recovery of the field development alternatives based on Case A,
an unqualified booster pump is considered. As a contingency, awell-known, qualified pump may
be installed. The statistical properties of the unqualified booster pump relative those of the well
proven technology is outlined below:

?? the probability density function of the infield flow capacity is shifted along the x-axis
(+40,000 STB/d).

?? the probability density function of the capital investment is shifted along the x-axis (+100
MNOK)

?? the probability density function of the EPCI duration is shifted along the x-axis (+0.5 years)

?? the probability density function of the availability is shifted along the x-axis (-2%)

Therisk that that the new technology will turn out to be non-acceptable and has to be replaced
by contingency solutions, isincluded in the analysis as a discrete event, with a probability and
resulting consequence. The probability that the new technology is rejected is set equal to 20%. If
the unqualified booster pump is rejected and the proven pump need to be installed, thereis an
impact on the capital costs of the Subsea Production System and the total schedule of the project.
The following increase of costs and time has been implemented as compared to a selecting the
proven technology prior to start of the EPCI phase of the the Subsea Production System.

?? the probability density function of the capital investment is shifted along the x-axis (+100
MNOK)
?? the probability density function of the EPCI duration is shifted along the x-axis (+0.5 years)

The cost-benefit of implementing the new technology is estimated based on the distribution of
the net present value and time-of-first-oil of the field devel opment solution with and without the
unqualified booster pump.
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The introduction of new technology increases the expected net present value both for Case A and
Case A with prospects. If the decision criteriais changed to the 10% fractile of the net present
value, the solution with new technology is still preferred if the prospectsisto be included. The
upside potential of Case A with prospects and new technology is significantly better than
corresponding alternative without new technology, the 90% fractile of the NPV distribution is
approximately1,000 MNOK higher.

If the decision criteriais the expected net present value or 90% fractile of the distribution; afield
devel opment solution with the unqualified booster pump is preferred to a solution with the well-
known proven pump.

Statistics for npv
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Figure 28 Cost effectiveness of new technology based on Net Present Value

The cumulative distribution function for time-of-first-oil is given in Figure 29. Asthe figure
shows, the new technology have an significant effect both on the expected time-of-first-oil and
the uncertainty related to the time-of-first-ail. If it is significant that the oil production starts
before year 5, the new technology in combination with tie-in of prospects should be rejected
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Statistics for tofo
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Figure29 Cost effectiveness of new technology based on Time Of First Oil
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6.7 Calculating total uncertainty

For a given concept, the calculated uncertainty provides the probability distribution for that
particular concept. At the time of the calculation, certain assumptions and estimations on the
input parameters have to be made. Asthe project is carried out, more information is generally
collected and more refined and improved estimates may be provided. In addition, the new
information may lead to changes in the concept being cost-effective. This dynamic scenario
usually results in adifferent concept being realised than the one originally estimated. The total
uncertainty associated with afield development solution must consequently not only include the
uncertainty for a given concept, but also the uncertainty related to the concept itself. The history
of the uncertainty as time passes by isillustrated below.

Total NPV risk exposure

. Development U Min - Max uncertainty range
1200 decision @ P10 - PY0 uncertainty range
11007 — Expected NPV (full cycle)

[ PUD
1000
800 1N Production
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0

start Production
600: k/\y\/ﬂ f
-
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Figure 30 Schematic illustration of the" project dynamics' asa result of new information.

6.8 Thetotal uncertainty of a given concept

The total uncertainty associated with afield development solution must not only include the
uncertainty for a given concept, but also the uncertainty related to the concept itself. New
information regarding the optimal number of wells, reserve volumes, oil gasratio, sales
contacts, or any other parameter that may be changed or modified during the project execution
may initiate concept or design changes.

For a given concept (or aternative), the total uncertainty comprises both uncertainty in input
parameters (estimate uncertainty) and uncertainty related to discrete events. Once the possible
events have been identified, they are included in the model and one probability distribution for
that concept is produced. The resulting model, although static in nature, includes dynamic effects
such as new information, utilisation of flexibility, etc through the inclusion of the (future) events.
These future events may be interpreted as possible branches in an event tree for that concept. The
calculated total uncertainty may then be seen as the weighted average of the uncertainty
distributions for al end-nodes in the event tree for that concept.
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Case A has been selected for the purpose of illustration. Assume that there is an uncertainty
related to how much the oil processing capacity of the existing platform may be increased and
therefore there is a chance that segment 1 may not be exploited as planned. For the purpose of
illustration, the probability that exploitation of segment 1 is prevented is set equal to 30%. The
total uncertainty of the development solution is presented in Figure 31.

Statistics for NPV
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Figure 31 Schematic illustration of the cumulative probability distribution for Case A. The
total uncertainty for that alter native comprises both estimate and (future) event
uncertainty.

Asthe figure show this event has a significant effect on the overall results both with regardsto

expected outcome and range. The expected net present value is reduced by 1,100 MNOK and the
10 % percentile value is decreased from 3,200 to 200 MNOK.

This specific event make the investment | ess attractive and the concept may based on this be
rejected as suc.

6.9 Thetotal uncertainty of afield development solution

In the previous section we illustrated how to calculate the total uncertainty for a given concept.
This section addresses the total uncertainty for afield development.

When all possible (future) events are included in the total uncertainty calculations of the possible
alternatives, the total uncertainty may be found as the weighted average over the alternatives.
Future eventsincludes internal events (related to the specific concept) and external events
(related to the field devel opment as such; political risk etc.).

The weights may be defined by external criteria or calculated based on Eq. (1), which measured
the probability that decision alternatives no i would turn out to be the best.
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Figure 32 Schematic illustration of the cumulative probability distribution for afield
development. The total uncertainty for the field development comprise both estimate and
event uncertainty for the possible alter natives (external and internal).

Thetotal uncertainty for afield development solution calculated by this procedure will take into
account all uncertainties (estimates and events) within the "scope of the analysis’.

This method may be used to calculate the total uncertainty of afield development for a selected
concept or a set of possible concepts. Calculations have not been performed here.
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