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Abstract The operational context and the competitive environment in which companies do business nowadays impose a
level of certainty in our decisions as never before. In spite of the level of effort to reduce the downside risk and maximize
the upside risk in our enterprises, bad decisions eventually are made. Bad decisions can erode our financial performance
and competitive position, adversely impact our projects, programs and portfolios, and eventually jeopardize our
survivability. From here, the importance of implementing a decision making process (DMP) that systematically and
consistently addresses the different key drivers that affect the outcome in terms of upside and downside risk. This paper
describes an approach for carrying out DMP, particularly for field development concept selection and will provide some
practical applications carried out in the oil and gas industry. The proposed DMP consists of performing a trade -off based on
the ‘value’ proposition and the ‘risk’ of the options identified in order to select the best ‘value-risk’ option. The proposed
DMP approach represents a framework to systematically and consistently conduct DMP and provides guidelines to enhance
our decisions by ensuring a higher level of objectivity and traceability in addition to provide mechanisms to evaluate the

robustness of the results.
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1. Introduction

The operational context and the competitive environment
in which companies do business nowadays impose a level
of certainty in our decisions as never before. Ob jectives and
performance targets supported and implemented through
stringent management systems are continuously set up with
the intention to reduce the downside risk and maximize the
upside risk[1]. More and deeper technical and economic
analyses are considered in our enterprises; however, not
always we can reach the performance and financial results
expected and we end up facing undesirable outcomes that
diminish the financial integrity of our companies.

In most of the unsuccessful cases, a retrospective analysis
reveals a pitfall in one or more of the decision making
processes (DMP) involved in the enterprise considered. In
some cases, the analysis reveals a poor problem framing; or
the fact that important aspects were not considered, or they
were addressed without covering the complete spectrum of
feasible possibilities; in some other cases, the framework
used was not robust enough to ensure the consistency of the
results or to measure the compliance of these results to the
predefined risk acceptance criteria or decision makers risk
preferences. From here, the importance of implementing an
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integrated DMP that systematically and consistently
addresses the different key drivers that affect the outcome
in terms of upside and downside risk[1-3].

This paper describes a general DMP used for field
development concept selection, which is based on a value
risk trade-off approach. The proposed DMP consists of
assessing the certainty of our decisions based on the ‘value’
proposition and the ‘risk’ of the options identified to
accomplish our enterprise.

The ‘value’ represents the level of fulfillment of the
enterprise objectives; so, in the context of DMP it will
address how and to what extend the options under
evaluation will fulfill the enterprise objectives. Value is
normally evaluated by identifying and measuring key value
attributes, also referred to as value selection criteria (e.g.,
constructability, cost, schedule, operability, reliability,
future expandability, etc).

On the other side, ‘risk’ is a measure of the overall
enterprise uncertainty and the effect of unexpected events
on the enterprise life cycle that can affect the achievement
of the value proposition positively or negatively. When the
impact is expected to be positive, it is called “opportunity”,
while an event with negative impact is called “risk”. Even
though both types of events should be evaluated, from
hereafter we will use the word “risk” to highlight negative
impact events. Under this context “risk” is normally
assessed through the identification and characterization of
key events or uncertainties that could affect adversely the
enterprise.
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Figure 1. Potential DMP Applications for Offshore

2. General Application

The DMP describes hereafter, pertains to all types of
decisions, from decisions related to field development
concept selection, subsea architectures, installation strategy,
equipment selection, etc, to decisions related to contracting
strategies and project management team (PMT) organization
structures. Although this methodology is intended to be
general, its application will typically be to field development
concept selection related to the upstream oil and gas
industry.

DMP can be applied to any project e xecution phase, but
the potentiality of adding value will be even higher during
the first stages of the Front-End Loading (FEL) process,
particularly during the Select and Define phase.

DMP can be conducted to select the most appropriate
subsea configuration/equipment layout, the most suitable
pigging philosophy, the most appropriate PMT
organizational structure to support the project execution, or
the particular long lead package or vendor provider (see
Figure 1). In general, any decision process that involves two
or more feasible options under a set of decision criteria,
sometime different in nature (qualitative vs. quantitative) can
be addressed through the systematic application of the
proposed DMP.

During the appraise phase, sometime referred to as
visualization phase, a DMP is conventionally used to
prioritize and select the business opportunities that will be
included in the corporate project portfolio.[4-6].

3. Field Development Concept Selection

Figure 2 represents an overview of the overall field
development concept selection process. The first steps
involve collecting, documenting and validating all
assumptions, premises, requirements and objectives of the
proposed development; identifying and clearly defining the
different concepts to be evaluated; and in some cases,

depending on the number of evaluated concepts or “family
concepts”, performing a pre-screening process before applyi
ng a more systematic DMP. At this point it is important to
reject those concepts that do not fulfill the mandatory
requirements, sometime referred to as prerequisites[7].

After having a limited number of validated
concepts/”family concepts” a more formal DMP is
conducted where the value and risk for each concept is
assessed and characterized and the value-risk trade-off is
performed. Once the best value-risk option is selected,
additional tasks are conducted to define and improve the
execution plan, capture the project risks (in a more
comprehensive way) and identify the preventive/mitigation
measures that should be implemented to assure the success
of the project execution and asset operation.
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Figure 2. Field Development Concept Selection Process Overview

As highlighted in Figure 2, embedded in the concept
selection process, there is a DMP focuses on selecting the
preferred field development concept, based on semi
quantitatively assessing the trade-off between value and risk
for each concept. The decision is performed based on a set
of criteria, whose meaning and level of importance (weight)
should be clearly defined. These criteria, and eventually
sub-criteria should be aligned to the project/enterprise
objectives. The general overview of this DMP is shown in
Figure 3.
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Figure 3. DMP Overview

3.1. Decision Making Process Set-up

During this first stage, it is important to have a clear
picture of the objective and potential value proposition of
the enterprise considered and align these objectives to the
DMP objectives. The nature of the decision to be made, its
importance and level of effort required to deliver the
process should be assessed[1,8].

This stage involves identifying the decision making team,
defining the decision criteria, risk attributes and matrix, and
identifying and documenting each concept to be evaluated.

The decision team must represent the decision-makers;
therefore, it should consist of a combination of management
and technical knowledge[8]. It is desirable to use the same
team for the different workshops to be conducted during the
entire process.

Thedecision criteriaand sub-criteria formthe basis for the
value assessment (VA). They assess the characteristics and
features that would make a concept more or less attractive to
the decision makers. The criteria should address how and to
what extend the concept under evaluation will fulfill the
enterprise objectives. These are some of the most common
value criteria used:

a) Schedule

*Time to 1°* production

* Time to full potential

b) Life-cycle cost

* DRILLEX

* CAPEX

* OPEX

¢) Operability

* Liquid management/’Piggability

* Hydrate management

* Ease of start-up/shutdown

* Data gathering and control

*Operational flexibility (e.g. flexibility to operate at two
pressure level)

* Turndown

d) Constructability/Installability

» Standard design

bl

* Modularity/Phasing

« Drilling/Installation overlap

* Subsea and Pipeline Complexity

* Resources availability/Limited installation vessels

e) Availability

* Reliability

* Ease of maintenance

* Impact of maintenance

Similar to the VA, the risk metrics, matrix and scaling
factors formthe basis for the risk assessment (RA). The RA
is divided in two parts. The first addresses risk exposure
from the appraise/select phase to the start of operations,
referred to as Project Risk[9]. The second addresses
in-service exposure, fromstart of operations to abandonment,
and is referred to as In-Service Risk. The distinction is made
to capture the difference in nature of the exposure. Project
Risks address HSE (during project execution phases),
CAPEX, and schedule to start of operations, while
In-Service Risks address HSE (during asset operational
phase), OPEX and downtime. The most common risk
metrics (risk attributes) used are:

a) Financial impact

b) Schedule/Downtime

c¢) Social and Community Affair

d) Health

e) Safety

f) Environment

The Project and In-Service risk assessment may use
different risk metrics and matrices; but once defined, they
should be applied to all options through the DMP for
consistency purposes. Eventually some of these risk
attributes can be over sighted.

During the RA process, special attention should be given
to the ranking/scoring mechanism to determine the relative
impact of each risk.[9,10]

It is common to identify concepts that follow a similar
philosophy; grouping them in ‘family concepts’ facilitates
identifying those that are clearly better within the specific
family and reduces the number of concepts while ensuring
thatall key concepts are still represented. Insome cases it is
necessary to perform additional pre-screening to reduce the
number of concepts/’family concepts’ that will be advanced
to the more formal DMP while selecting the ones that best
suit the enterprise objectives. In order to minimize the
effort, the basic strategy is the following:

a) Select a minimal set of pre-screening criteria which can
be applied across the entire set of concepts.

b) Organize the screening into key decisions with the
potential to eliminate a large set of concepts.

c¢) Eliminate concepts within a given family that are
clearly superseded by better concepts within the same
family.

d) Select the top candidates within each remaining family
of concepts using the pre-screening criteria.

It is recommended to use a minimal set of pre-screening
criteria (~ three) which can be quickly evaluated across the
whole set of concepts. Atthe end ofthis stage, we will havea
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limited number of well defined/validated concepts that will
be further evaluated though a more formal VA and RA

3.2. Value Assessment

The VA combines different decision criteria into a single
qualitative measure of value, to establish a comprehensive
picture of the relative merits of each concept. This stage
involves developing and validating the judgment table,
establishing the weighting factors for the decision criteria
and conducting the VA.

a) “Judgment” table

The first task in the VA is the preparation of the ‘judgment’
table highlighting the features of each concept that make it
attractive. This table contains the relevant facts for each
concept under consideration per decision criterion and
sub-criterion[7]. An example of a ‘judgment’ table is shown
in Table 1. The table entries can be numbers or statements,
supported by a reference where appropriate.

The ‘judgment’ table provides systematic documentation
ofthe basis forany decision. It also ensures the decision team
has the same, validated information. The table furthermore
provides guidance for the engineering work, as it will show
any gaps in the information required for the decision.

b) Relative weight for each criterion

The weighting factors for each criterion can be determined
using the Analytical Hierarchy Process (AHP)[11,12]. It
guides the teamthrough a series of pair-wise comparisons in
which they must express their preference for one criterion
over the other, and to what degree. Then, the technical team
weights all sub-criteria within each major criterion, using the
same methodology (AHP). After going through all criteria, a
complete set of weights is attained.

¢) Value assessment

Using the ‘judgment’ table, the VA workshop is organized,
where again using AHP each concept is compared to the
others for each decision criterion or sub-criterion and the
corresponding score is assigned by determining the relative
preference of a concept for each criterion and sub-criterion.
The individual score assigned to each concept within a
particular criterion, describes the degree to which this
concept fulfils the enterprise objective or satisfies the
required/desired feature highlighted by the criterion. Once
the VA has been completed for all criteria/sub-criteria, a total
concept valuation is computed.

Table 1. Example of “Judgment” Table

ALTERNATIVEA ALTERNATIVED
CRITERIA Daisy Chain Cluster Configuration
Configuration (ILS) (Parallel Manifolds)
Availability: [ Altemative D ispreferred. Alternative A has more
Reliability connectors and flying leads than altemative D
Availability: Alterr?ative D ispreferred. Alternative AW_iII
Ease of provide slower or no response for hydraulic

failures. Additionally, based on current design
criteria, LS components will not be repairable
Altemative A is preferred. In altemative D, to repair
a manifold failure may impact half the field for 1 to
2 years

Maintenance

Availability:
Impact of
Maintenance
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3.3. Risk Assessment

The risk assessment (RA) aims at determining to what
extend the concepts evaluated are affected by undesirable
events/uncertainties during the project execution process
(project risks) and/or operational phase (in service risks).
This step involves developing a risk register and conducting
the RA.

a) Risk identification: risk register

During the risk identification workshop, events that could
affect the project/asset performance are identified. Effort is
made to identify major events that should affect concepts in
different ways, different extent and/or with a different
likelihood, thus making them “differentiator events”. Typic
ally the number of events is limited, since the intention is not
to develop a comprehensive list of events and subsequently
setup a mitigation plan, but to distinguish between concepts.

As mentioned in the DMP setup section, the risk
assessment is divided in two parts; Project Risk and
In-Service Risk. Prior to the workshop, a list of threats to a)
project execution and b) in-service performance is generated,
based on prior projects. This preliminary list is used as a
basis for the Project Risk and Asset Risk workshops. During
each workshop, the pre-populated threats are validated and
complemented through a structured brainstorming sessions
guided by a prompt list[10]. After completing the
brainstorming sessions the list of threats is documented in a
risk register.

b) Risk assessment

During the risk identification workshop, each threat will
be ranked using either the Project Risk matrix or In-Service
Risk matrix. The rankings will be translated to scores for the
Value-Risk trade-off. The RA involves the following tasks:

» Determine the relative impact that each event, in case of
occurring would have on each concept.

« Appraise the probability of occurrence/likelihood of
each event on each concept.

» Assess the risk score for each concept, by adding up
across all events and all risk attributes for each concept the
result of the expected probability of the event times the
expected severity of its impact.

At the end of the assessment, risk scores from each
concept will be summed up to obtain a total risk score for
that particular concept. This total risk score will be used as
pointer/indicator to ascertain a relative standing among all
concepts.

During the risk assessment process double counting risk
should be avoided. Special attention should be given to the
definition of risk events and uncertainties, their assessment
and potential relationship with the definition of the value
attributes selected, as well as the selection of the appropriate
metrics (probability of occurrence and severity) and scaling
factors. A key drawback of this approach is that the risk
assessment may be very susceptible to the metric and scaling
factors, compromising the risk assessment process and in
general the overall DMP. The robustness of the entire proce
ss should be evaluated through different sensitivity cases.
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3.4. Value-Risk Trade-off

Finally, once the relative value and risk scores are
determined, reflecting the team’s consensus, a graph similar
to the one shown in Figure 4 can be plotted, showing the
concept that provides the most favorable trade-off between
value and risk

The concept with the highest ratio value/risk (highest
slope) is the one that offer the maximum value at minimum
risk among the options evaluated. In this hypothetical case,
Concept 1may be selected.

It is important to incorporate the decision makers risk
behavior into the value-risk assessment[5, 13]. Typically it is
found that options offer additional value at higher levels of
risk and thus it is necessary to assess the risk tolerance of the
decision makers. Similarly, there are cases where the client
maximum tolerable risk is exceeded and consequently
regardless of the value assessed the concept is rejected as
Concept 3 in Figure 4.

As indicated previously, the robustness of the result is
assessed through a sensitivity analysis. This may include
factors in the VA as well as the RA. If certain changes in the
assessments change the preferred concept, additional work
may be recommended to address these sensitivities and
improve the final result. This may for example apply to
assumptions made, or any dominating risk, or the effect and
cost of certain mitigating measures or the metric and scaling
factors. For example, in order to determine how dependant is
the decision to variation in the value-attribute weights, a
sensitivity analysis may be performed.

The final result reflects the joint preference of the decision
team, accounting for a comprehensive set of decision criteria
and risks. Through the process described, the decision is well
documented, facilitating easy communication and justificati
on if needed.

The approach described above has been used in different
concept selection process, among them the definition of a
subsea gas development concept as depicted in Figure 5.

An alternative approach to deal with certain DMP is to
quantify the value of each option in terms of a financial
figure of merit, such as Net Present Value (NPV) or Return
on Investment (ROI), and develop an economic model that
aggregate the total cost of the option, the expected revenues
and the potential risk expenditures[8,14]. This quantitative

approach requires the development of an integrated value
model that quantifies the economic impact of each critical
variable associated with the DMP[1,5,15]. In these particular
applications, the appropriate manage of uncertainties,
probably through the development of influence diagrams and
decision trees[8], and the appropriate propagation of
uncertainties through the value model play a key role[16]. In
some cases, particularly in early stages of the enterprise
development (e.g., visualization phase), the lack of hard data,
the level of uncertainty in the impact of critical variables in
the selected financial figure of merit, and our ability to
interrelate these variables, may limit our capability to build
such integrated economic model.

4. Other Applications

The proposed approach has been applied to different
decision making problems, including the selection of the
most appropriate contracting strategy for a project. In this
particular case, the objective was to select the most
appropriate contracting strategy based on a predefined set of
criteria oriented to maximize project’s objectives.

Figure 6 shows a pictorial representation of the different
contracting strategies evaluated. As reader can see a variety
of options were evaluated, some of them splitting the scope
per project phase (definition vs. execution), per pro ject scope
of work (onshore plant, subsea, wells and owner’s engineeri
ng), and some other considering hybrid arrangements.

For this application, a similar approach described in
Figure 3 and Figure 4 was used with slightly differences
given the nature of the decision, but basically following the
same sequence. As an example, Table 2 shows some of the
value criteria used in the DMP.

The proposed DMP has been also used to select the most
appropriate organizational structure for an integrated PMT
for the definition and execution phases. In this case, the
objective was to select the most appropriate organization
structure based on the set of criteria shown in Table 3.

Figure 7 shows the general models (function based, phase
based, etc) evaluated. Some of these models were further
evaluated considering a more detail structure brake down,
but basically the same approach explained in previous pages
was used.
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Figure 6. Contracting Srategy Options
Table 2. Contracting Strategy DMP — Value Criteria
CRITERIA

DEFINITION

Local content

« Ability to exceed minimum requirement (25%): cumulative value of goods and services sourced from
national registered companies relative to capital investment budget of project

No. qualified contractors
forscope

» Number of companies in international market with recognized capabilities to perform the work

Complexity of contracting

» Complexity of process to launch contracting
« Level of Authority to Commit

Impact on Total Cost

« Ability to realize cost benefits via economies of scale

« Potential impact on total cost associated with contingency allocation (risk allocation with limited cost
implications)

« Exposureto cancellation penalties (expect to be higher with contract covering all phases)

Schedule risk

» Exposureto delaysto first production date (e.g., Contractor failure to perform / ability to recover)

Project control

* Mg Complexity/Level of effort (Impact on IPMT organization) expected for administration (Quality
Assurance, MoC, invoicing, contract adjustments)

Timing ofmajor
commitments

* Requirements for multi-year funding allocations

Accountability for project
success factors

« Ability to minimize potential gaps
« Ability to enforce accountability for cost, schedule, quality on Contractor(s)
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Table 3. PMT Organization DMP — \alue Criteria

CRITERIA DEFINITION METRIC

* No. of people to do the work (Scope-driven
resourcing)
« Continuity of resources

Efficient use of
resou rees

* No. of controllers
* Level of auhority / influence of Project Control

* Project can be controlled/directed (Tailored to

Effective project control fit requirements of project phase)

« Cog /schedule / Quality /HSE

function relative to other groups

Flexibility to adapt to
change

« Pro-active vs. reactive

Assure consistency in

* Level of effort to achieve consistency in processes

« Consigent approach across functional groups

work processes across groups (e.g. Contracts management, MoC)

Assure consistency
across disciplines

* Ensuringthat the scope items match (equipment
compatibility across systems)

« Potential for inconsistency in scope
» Complexity of interfaces

* Ability to achieve a clear definition of scopefor | -, How well responsibilities are defined; degree of

Ensure clear each entity in dructure; con_trol OVer resources | . or over resources and work processes (no. of
empowerment and and work processes to achieve their scope of approvals outside of org branch)
accountability work and minimize gaps and overlaps Pp 9

¢ Minimize “bottlenecks”

* No. of““bottlenecks” / no. of direct reports

Facilitates / enables
communication

 Between functional groups
« Between disciplines

* Tendency to work in “silos”

Seamless (Effectie)
transition between
phases

* Likelihood of having a problem?

Project
Executive
Model A- Function Based . . } . )
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‘ Project Project Project
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Model B - Phase Based — — —
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Figure 7. Project Management Organization Options
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5. Conclusions

Given the dynamic and complex operational context and
the competitive environment in which companies do
business nowadays, it is vital for their survivability to
implement a coherent DMP that systematically and
consistently addresses the different key drivers that could
affect the outcome in terms of upside and downside risk.

The DMP proposed provides a traceable and consistent
way to make decisions in a systematic manner, offering the
following benefits:

a) Objectivity: by defining a structured and systematic
work framing, the method is an objective conduit for expert
opinion elicitation

b) Flexibility: suitable to handled multi attribute DMP,
both using soft or hard data, and expert elicitation process.
Provide qualitative assessment based on team’s state Of
knowledge. It also works well for limited definition of
information.

c) Consistency: provide mechanisms to identify
inconsistencies in the options VA and criteria weighting
factor processes

d) Systematic: a predefined and structured process that
breakdown the DMP in smaller and more manageable tasks,
without compromising the comprehensiveness of the
analysis (holistic picture)

e) Traceable/Auditable: by documenting each step a paper
trail is created, which clearly shows the basis of the decision

Other importance characteristic of the approach proposed
is the feasibility to perform sensitivity analysis to evaluate
the robustness of the results. On the other hand, the early
identification of potential risk events and major uncertainties
allows development of preventive/mitigation measures and
their inclusion in further concept development/definition
work, which contributes to venture/enterprise success.
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