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ABSTRACT

Two methodologies to rank exploitation scenarios for hydrocarbon fields during screening and concept selection stages
are described and compared. First a selection based on net present value valuation is introduced and an explanation on
its limitations for field planning are given thus, a second selection based on a multiattribute decision model where other
technical factors not directly associated to economics such as operability and reliability are considered. A comparison of
net present value and the multiattribute decision model on a concept selection study case shows differences on the sce-
nario selection for exploitation. Sources of the different outcomes between the two methodologies are identified. A sto-
chastic analysis for the multiattribute decision model is performed to have a complete view of the possible outcomes
since the factors in the multiattribute decision model are measured qualitatively and their values can vary depending on
experts’ knowledge and experience. Recommendations obtained from the methodologies studied for screening and

concept selection are given.
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1. Field Development Planning Process

For the exploitation of a hydrocarbon field the process of
identifying the concepts technically feasible and associ-
ated to the best economical performance is called field
development planning process. Oil and gas exploration
and exploitation require a large amount of economical
resources mainly in offshore environments thus, field
development planning has the main objective of maxi-
mizing the revenue for a given investment, this is maxi-
mizing the utility index (Ul) defined as Ul = NPV/NPI,
where NPV is the net present value and NPI is the net
present investment value. Scenarios with the greatest me-
dian (Pso) NPV and lowest spread between Py and Pgg
NPV will be selected [1]. Economical evaluation be-
comes complicated since for example date of initial pro-
duction and price of hydrocarbons vary randomly.

It is convenient to identify all the feasible concepts to
exploit a field, especially for undeveloped fields, to as-
sure that any possible concepts that provide value is not
discarded. This process is usually performed in a work-
shop where personnel representing the technical special-
ties involved participate defining the information avail-
able, the objectives of the project and the strategy to
reach the objectives, as a result of this workshop a field
development concepts matrix is obtained. This matrix
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usually has a decision variable as heading in each column
for example, hydrocarbon to be exploited, hub concept,
well type, transport option, etc. an example of this matrix
is shown in Table 1. The number of feasible field devel-
opment scenarios is the result of all possible combina-
tions for each decision variable, for Table 1 the number
of scenariosis 2 x5 x 4 x 2 = 80.

It is recommended to validate the technical feasibility
of each of the concepts since a decision variable can be
feasible on its own but when combined with others the
outcome might not be feasible, from Table 1 for example,
oil & gas exploitation transported by tanker would not be
feasible since gas cannot be transported in a tanker.

After the technical screening, NPI for each option is
estimated by using commercial data bases and operators
experience; it is important to estimate costs during the

Table 1. Example of field development concepts matrix.

Hydrocarbon Hub Well Transport
Oil Semi Vertical Tanker
Oil & Gas Submersible Directional Pipe
Fixed Platform Horizontal
TLP Multi
FPSO Lateral
SPAR
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full service life of the field from planning studies up to
abandonment. Well costs are the major expenditure thus,
well type selection is usually done following the same
approach presented in this work and is performed simul-
taneously to the field development planning activities.

On the other hand, the production profile associated to
each development option has to be calculated to estimate
the income due to hydrocarbons sale. Production profiles
can be calculated from simple models like exponential
declination or using more complex ones based on energy
balance where reservoir, wells and pipe systems are cou-
pled in a model to estimate the production versus time,
this later process can be cumbersome and usually con-
sumes several hours depending on the model complexity
and computer process speed.

The annual income associated to hydrocarbons sale is
estimated from the production profile assuming economi-
cal premises such as oil price, gas price and interest rate.
NPV for each field development option is estimated from
the annual income due to hydrocarbons sale and the an-
nual expenditure associated to capital expenditure (Capex),
drilling expenditure (Drillex), operational expenditure
(Opex) and abandonment expenditure (Abex).

Since NPV for each field development option involves
a high level of uncertainty, probability distributions are
assigned to the most relevant variables such as volume of
reserves, oil & gas sale price, Drillex and Capex, etc.; this
leads to perform stochastic analysis varying the relevant
variables within their upper and lower limits by the
Montecarlo method and analyze the outcomes in a prob-
abilistic manner. A flow chart of the process described
previously is shown in Figure 1, where it is depicted that
the coupling of the reservoir, well and pipes models inte-
grates the asset model from which the production profiles
are determined and provide the income due to hydrocar-
bons sale. Stochastic analysis is due to the random nature
of the variables involved in these models.

As mentioned, well costs are the major expenditure of
the total costs to develop a field thus, it is recommended
to find the optimum number of wells for a given devel-
opment option, a practical approach for finding the opti-
mum number is by plotting NPV versus Ul (NPV/NPI)
where Ul is the investment efficiency ratio. The objective
is finding the number of wells that maximizes NPV and
Ul simultaneously for a given development option, this
leads to find the number of wells that generates the
maximum economical value with the best investment
efficiency since production versus number of wells is
governed by reservoir characteristics.

2. Concept Selection Study Case

Figure 2 shows an example of three field developments
concepts for an offshore gas field where a tie back to

Copyright © 2012 SciRes.
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Figure 1. Field development planning flowchart.
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Figure 2. Examples of field development concepts for a gas
field. (a) Tie back field development option; (b) Intermedi-
ate Fixed Platform field development option; (c) Semisub-
mersible field development option.
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shore, see Figure 2(a) is compared with: an intermediate
fixed platform with separation and compression facilities
to send gas to shore, see Figure 2(b) and a semisub-
mersible platform just on top of the gas field to maximize
recovery also with separation and compression facilities
for sending gas to shore, see Figure 2(c).

For this example, the economical indexes NPV and Ul
are calculated varying the investment and gas production
associated to the number of wells to identify the number
that provides the best economical performance, this is
maximizing NPV and Ul simultaneously; results are
shown in Figure 3 were income is measured in terms of
NPV due to gas production and the investment efficiency
ratio measured in terms of Ul = NPV/NPI. Trade-off
between NPV and Ul as in Figure 3 shows for the fixed
platform and semi submersible concepts that for the case
of 6 wells, NPV and Ul reach their maximum value si-
multaneously. For the tie back option NPV and Ul do not
reach their maximum value simultaneously thus, well
number could be 4 or 6 depending on operator’s prefer-
ence however, the 6 wells option would be preferred over
the 4 wells since there is a 25% risk of production loss
for the later if one well is bellow its expected production
performance.

Table 2 shows the total cost (TC) considered for the
analysis where the tie back option has the lowest invest-
ment followed by the semisubmersible and the fixed plat-
form, these data is in accordance to the plots in Figure 3
since Ul increases as NPI is reduced.

According to the Association for the Advancement of
Cost Engineering (AACE) International’s Recommended
Practices on Estimate Classification [2], for screening
and concept selection purposes the project cost approxi-
mation are Cost Class 5 and 4 respectively which allows

2.00

a cost dispersion between +100% to -50% and +50% to
—25% respectively depending on the project. Figure 3 is
a deterministic approach and since Cost Class 5 and 4
have been used, the cost dispersion is wide. Therefore, a
stochastic approach is recommended to capture the effect
of cost dispersion by a Montecarlo analysis of the NPV
model were accumulated probability NPV curves associ-
ated to each well number would show the optimum well
number associated to the highest expect NPV. Table 3
shows the probability distributions used for the input
variables, triangular distributions are recommended to
consider experts’ advice on maximum, medium and mini-
mum costs. Deterministic approach used the medium
values shown in Table 3.

Accumulated Probability NPV curves associated to
each well number show that the 6 wells case is associated
to the highest expect NPV, see Figure 4, this result con-
firms the well number determined from the deterministic
analysis.

Figure 3 holds the premise that date of first production
for the three development concepts is three years after
drilling initiates thus, differences in terms of NPV and Ul
are due to the NPI and gas production associated only to
the number of wells. However, it has to be considered
that time for infrastructure construction and installation
depends on complexity and size. Assuming for this ex-
ample, that for the fixed platform and tie back concepts
the construction and installation time is the same thus,
first production for these two concepts remains three
years after drilling initiates; for the semisubmersible op-
tion it is assumed that first production is the latest of the
three concepts, starting production five years after drill-
ing initiates this is, two years behind the tie back and the
fixed platform first production. Therefore, income due to
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Figure 3. Optimizing the number of wells for a gas field based on economical indicators.
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Table 2. TC = cost of infrastructure, drilling, operation and
abandonment.

TC = CAPEX + DRILLEX + OPEX + ABEX

Development (MM$USD)
Option
4 Wells 6 Wells 8 Wells 10 Wells
Tie Back $1372 $1651 $1930 $2209
Semisubmersible  $1695 $1974 $2253 $2532
Fixed Platform $2045 $2324 $2603 $2882

Table 3. Probability distributions for the tie back NPV and
Ul stochastic analysis.

. Triangular Probability Distribution
Tie Back

Minimum Medium Maximum
Gas Price (3US/MCF) $5.50 $7.32 $9.50
Cost (MM $USD) Class5-4
Well $125.56 $139.52 $153.46
Shore Station $186.69 $207.43 $228.17
Pipe $211.00 $234.44 $257.89
Subsea System $63.61 $70.68 $77.75
Umbilicals $64.85 $72.05 $79.26
OPEX $161.30 $179.23 $197.15
ABEX $45.31 $50.34 $55.37
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Figure 4. Tie back accumulated probability NPV curves for
each well number.

hydrocarbons sale from the semisubmersible option is
behind two years compared to the tie back and fixed
platform concepts. This income delay effect is shown in
Figure 5 and has a significant effect, it can be observed
that the semisubmersible curve has moved to the extreme
left when compared to Figure 3, and its NPV values are
the lowest of the three concepts although from Table 2 it
can be seen that it is not the option with the highest in-
vestment.

From Figure 5 it can be deduced that NPV is highly
sensitive to the time interval between first investment
and first production thus, the development option cannot

Copyright © 2012 SciRes.

be selected relying only on economical indexes since risk
to have the first production delayed is related to the com-
plexity to achieve production from a particular develop-
ment option. Thus, a different approach that considers
simultaneously economical indexes and other factors not
easily appraised by economics have to be considered and
is presented in this work as a subsequent step for devel-
opment concepts selection after an initial economical
screening has been completed.

To clarify the scope of this work the following premise
has to be set: the procedure presented has the intention to
optimize the screening and concept study process for
concept selection undergone in the early stages of a pro-
ject to exploit a hydrocarbon field thus, it is considered
that a refined economical model is not required and is not
usually used in the industry for these purposes. Screening
and concept study are levels of project definition accord-
ing to AACE.

It is well known according to AACE International’s
Recommended Practices on Estimate Classification that
for screening and concept selection purposes the project
cost approximation used are Cost Class 5 and 4 respec-
tively which allows a cost dispersion between +100% to
—50% and +50% to —25% respectively depending on the
project thus, given this allowance there is no point on
building a complex economical model to include attrib-
utes like operability, time to first production, reliability,
fabrication and installation which could be considered in
qualitative terms but not in an economical model. It is
worth to mention that even with the cost dispersion pre-
sent in these initial stages of the project, the influence to
increase the project value by making the right concept
selection is highly relevant for the remainder of the pro-
ject life, see Figure 6 where it is graphically showed the
process were various technical feasible exploitation con-
cepts are considered during the Planning stage and
through a Front End Loading (FEL) process a final con-
cept is selected which is extensively studied during the
Define stage and a Front End Engineering Design (FEED)
is produced for bidding purposes before the project is
sanctioned for execution and expenditures rise consid-
erably onwards.

3. Multiattribute Decision Model

It has been identified through the field development plan-
ning process that screening the exploitation concepts
based only on economics do not take in account other
aspects that can provide benefits additional to the eco-
nomical ones during the service life. This is due to the
fact that economics cannot easily appraise attributes like
operability, reliability, constructability, schedule and fu-
ture expandability as in contrast to attributes such as in-
vestment and income due to hydrocarbon production sale.
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Figure 6. Influence of screening and concept selection on project future expenditures [3].

The weighted valuation method considering all these
attributes directly and indirectly associated to economics
is defined in this paper as “multiattribute decision model”
(MDM) and is used as a second step for assisting on
screening and concept selection.

Since MDM comprises attributes directly and indi-
rectly associated to economics it is relevant to select the
attributes to be appraised. A general recommendation is
to select attributes that could make a difference among
the concepts otherwise the attributes are scored identi-
cally for all the concepts. MDM valuation is used to

Copyright © 2012 SciRes.

support the process to prioritize the field development
concepts according to the scored values for the attributes
selected and the weights given to them.

The MDM valuation process proposed in this work is
an application of the Analytical Hierarchy Process (AHP)
which is often used as a decision making method for pri-
oritizing concepts when multiple attributes must be con-
sidered [4]. The AHP guides decision makers through a
series of pair wise comparison judgments to express the
relative importance of a criterion in the hierarchy. It is
not the intention of this work to describe the fundamen-
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tals of the AHP since it is widely documented thus, a
direct application is presented describing the steps fol-
lowed within the AHP.

A comparison of the MDM approach with the eco-
nomical analysis made in the previous section is per-
formed thus, the field development concepts shown in
Figure 2 are considered. The attributes for the MDM
analysis were selected in a workshop where experts on
drilling, subsea systems, flow assurance, pipelines, float-
ing systems and gas process participated. These experts
selected attributes by brain storming considering those
that make a difference between the three development
concepts shown in Figure 2. Additionally, for each at-
tribute a set of sub attributes was defined to characterize
the concept considered in the attribute. Table 4 shows
the attributes and sub attributes considered for scoring
the three development concepts previously described.

Attributes have to be pair wise rated according to its
importance in the exploitation system thus, experts made
a matrix according to the AHP and weights were given
according to the attributes relevance based on the under-
standing of the decision makers by assigning a weight
between 1 (equal importance) and 9 (absolutely more
important) to the more important attribute and the recip-
rocal of this value is then assigned to the other attribute
in the pair, see Table 5, [5].

Table 4. Attributes and sub attributes for scoring develop-
ment concepts.

Attributes Sub-Attribute

1. Operability
Easy to start or shut down
Production management
Gas quality at the delivery point
Operative flexibility

2. Fabrication and
Instalation

Easy to fabricate
Easy to install
Availability of drilling equipment

3. Time to First Production

and Cost
Total cost (TC)
Utility index (UI)
Time to first production
4. Reliability

Prevention or remediation of flow
assurance events

Inspection, maintenance and repair (IMR)

Redundancy

Copyright © 2012 SciRes.

Table 5. Criteria for attributes and sub-attributes weights.

Weights for Attributes and Sub Attributes Comparison

A: Absolutely more important 9
B: Very strongly more important 7
C: Strongly more important 5
D: Weakly more important 3
E: Equally important 1
F: Weakly less important 1/3
G: Strongly less important 1/5
H: Very strongly less important 1/7
I: Absolutely less important 1/9

The results of this attribute weighting are presented in
the top section of Table 6.

The weightings in the top section of Table 6 are then
normalized, by dividing each entry in a column by the
sum of all the entries in that column, so that they add up
to one, see lower section of Table 6. Following normali-
zation, the weights are averaged across the rows to give
an average weight for each attribute, see lower right
column of Table 6, results show for example, that oper-
ability is the most important attribute followed by time to
first production and cost.

The weighting procedure presented previously is then
applied to each set of sub attributes to determine their
weight, Table 7 shows the weights for the attributes from
Table 6 and the sub attributes associated to each attrib-
ute.

It is recommended to validate the consistency of the
weights due to possibilities that during the pair wise,
inconsistent weights can be provided since the process
can become extensive when there is a long list of attrib-
utes and sub attributes to be weighted, it is not the objec-
tive of this work to present how to validate the consis-
tency and reference [6] is recommended for this purpose.

The next step is to compare the three field develop-
ment concepts thus, attributes and sub attributes weighted
previously are used to rank concepts. Table 8 shows an
extension of Table 7 where the three field development
concepts are pair wised rated according to a criteria be-
tween 1 (poor) and 4 (excellent) to measure the per-
formance of the option considering the knowledge and
experience of the decision makers. The rating is normal-
ized by multiplying the pair wise rate times the weight of
the attribute and the sub attribute, the MDM s finally
determined by the summation of the column correspond-
ing to the development option.

From Table 8, fixed platform MDM = 3.33 provides
more value than the tie back MDM = 3.08 and the
semisubmersible MDM = 3.22, these results are opposite
to those shown in Figure 3 which are based only on
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Table 6. Attributes weights.

Attribute Weighting

Attribute Weighting: 1. Operability 2. Fabrication and Installation 3. Time to First Production and Cost 4. Reliability

1. Operability 1 5.000 1.000 3.000
2. Fabrication and Instalation 0.200 1 0.200 0.143
3. Time to First Production and Cost ~ 1.000 5.000 1 1.000
4. Reliability 0.333 7.000 1.000 1

Summation: 2.533 18.000 3.200 5.143

Normalization: Weights

1. Operability 0.395 0.278 0.313 0.583 0.3921
2. Fabrication and Installation 0.079 0.056 0.063 0.028 0.0562
3. Time to First Production and Cost ~ 0.395 0.278 0.313 0.194 0.2949
4. Reliability 0.132 0.389 0.313 0.194 0.2569

Summation: 1.000 1.000 1.000 1.000 1.000

Table 7. Summary of attributes and sub attributes weights.

Attributes Attribute Weight Sub-Attribute Sub-Attribute Weight
1. Operability 0.39
Easy to start or shut down 0.11
Production management 0.41
Gas quality at the delivery point 0.12
Operative flexibility 0.36
2. Fabrication and Installation 0.06
Easy to fabricate 0.11
Easy to install 0.26
Availability of drilling equipment 0.63
3. Time to First Production and Cost 0.29
Total cost (TC) 0.11
Utility index (UI) 0.63
Time to first production 0.26
4. Reliability 0.26
Prevention or remediation of flow assurance events 0.45
Inspection, maintenance and repair (IMR) 0.09
Redundancy 0.45

Copyright © 2012 SciRes.
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Table 8. Normalized pair wised MDM evaluation for field development concepts.

. . . Normalised
Pair-Wise Rating Pair-Wise Rating
. Attribute . Sub-Attribute . Fixed Floating . Fixed Floating
Attributes Weight Sub-Attribute Weight Tie-Back b} tform System Tie-Back . torm System
1. Operability 0.39
Basy tostartorshut - ;; 3 4 4 0126  0.168 0.168
down
Production 0.41 3 4 4 0.484 0.645 0.645
management
Gas quality atthe 4 4 4 0189  0.189 0.189
delivery point
Operative flexibility 0.36 2 3 3 0.283 0.425 0.425
2. Fabrlcatlc_)n and 0.06
Installation
Easy to fabricate 0.11 4 3 2 0.024 0.018 0.012
Easy to Install 0.26 3 3 2 0.044 0.044 0.029
Availability of
drilling equipment 0.63 2 2 3 0.071 0.071 0.107
3. Time to First 0.29
Production and Cost '
Total cost (TC) 0.11 4 3 2 0.125 0.094 0.063
Utility index (Ul) 0.63 4 3 2 0.747 0.560 0.374
Time to first 0.26 4 3 3 0.307 0.230 0.230
production
4. Reliability 0.26
Prevention of flow — 2 3 4 0234  0.350 0.467
assurance events
Insp maintenance
and repair (IMR) 0.09 4 3 2 0.093 0.070 0.047
Redundancy 0.45 3 4 4 0.350 0.467 0.467
Pair-Wise Rating  Excellent Good Average Poor 3.08 3.33 3.22
Value 4 3 2 1

economical indexes, where the tie back option was the
best ranked followed by the semisubmersible and fixed
platform being the less economical option. This finding
has to be considered for the selection of a field develop-
ment option since it provides insight that economical
performance is not a measure of all the attributes related
to value such as operability and reliability. To complete
the MDM analysis a semi quantitative risk assessment is
usually performed to compare the value to the risk in-
volved with each development option.

4. Risk Assessment

By definition, risk of an event is the product of the prob-
ability of occurrence by the severity of the consequences
of such event [7] thus, for each risk event that could af-
fect the project its probability of occurrence and conse-
quences are qualitatively determined.

Copyright © 2012 SciRes.

In a similar manner as for MDM analysis, risk events
are identified by a group of experts of the technical fields
involved. The same recommendation as for MDM analy-
sis is valid this is, to select risk events that make a dif-
ference among the development concepts otherwise the
events are risk scored identically for all the concepts. On
the other hand, risk attributes also have to be identified to
measure the consequences of the risk events on the safety
policy described by the risk attributes. Risk attributes are
usually descriptors of the operator safety policies, addi-
tional risk attributes can be also included to consider
other important aspects of the project. Risk attributes
could have different relevance thus, attribute weighting
process as described in Table 6 could be implemented.
Table 9 shows the risk events for the three development
concepts described in Figure 2 and a set of risk attributes
that represent the safety policy of an average operator [8];
a uniform attribute weight of 0.25 has been considered
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for this work.

Probability of occurrence for the risk events has to be
appraised by the group of experts, a qualitative scale of 1
to 5 is used to score in a consistent basis. This score has
to be weighted by means of a probability curve (factoring)
which includes the risk behavior of the decision maker
this is, conservative or aggressive risk taker, see Figure 7,
weight of probability of occurrence in Table 9 has an
aggressive risk taker profile.

Impact severity of risk events on attributes is appraised
by a group of experts using a qualitative scale of 1 to 5,
see Table 10. Attributes impact description depends on
operator’s safety policy, Table 10 shows an average in-
dustry description of impact severity for attributes in
Table 9.

Impact severity appraisal is also weighted by means of
a probability curve (factoring) which includes the risk
behavior of the decision maker this is, conservative or
aggressive risk taker, see Figure 7, weight of risk event
impact severity on attributes in Table 9 has an aggressive
risk taker profile to be consistent with the weight given
to risk events.

From Table 9, to calculate the risk assessment for
each event, the product of the weight of probability of
occurrence times the weight of risk event impact severity
times the weight of the attribute is performed. For exam-
ple, for risk event “1.—Change of reservoir information,
well type and future growth” the impact on attribute
“Health and safety”, risk assessment event would be 36 x
4 x 0.25 = 36. Finally, from Table 9, the risk event
weight would be the square root of the summation of risk
assessment events on the attributes, for example, for risk

803

event “1.—Change of reservoir information, well type and
future growth”, the risk event weight would be (36 + 36
+ 135 + 63)2 = 16. Table 9 corresponds to tie back field
development option thus, the average of the risk events
weights is the risk weight for the tie back option = 20.

The risk weight process described in Table 9 for the
tie back option was repeated for the fixed platform and
the semisubmersible concepts, results are shown in Ap-
pendix 1; a summary of risk weights from Table 9 and
Appendix 1 plus the qualitative value determined by
MDM evaluation from Table 8 for the three develop-
ment concepts is shown in Table 11.

A plot of data from Table 11 is shown in Figure 8(a),
where it can be identified that the fixed platform option
provides the best balance between risk weight and quali-
tative value determined by MDM.

100
90 /

80 ——— ——Aggressive //
70 — — Conservative //
60 /

50 7
40 7 /
30 P /
20 ,4” /

10 . ~ _——

0

Risk Factoring

Risk Appraisal
Figure 7. Risk taker profiles.

Table 10. Impact severity appraisal of risk events on attributes [9].

Impact Severity

Appraisal Health and Safety Environment Asset Value Project Schedule
Exceptional . L . Major or extended duration/Full scale 20% or more Schedule impacted more than 2
(5) Fatalities/Serious impact on public. response of total asset value years
Substantial ~ Serious lost time injury to personnel/ Serious environmental damages/ 5% to <20% of SChedUIinl(TnQﬁcgif lr:Sc;re than 6
(@) Limited impact on public Significant resources needed to respond  total asset value
than 2 years
Significant  Restricted work case/Minor impact on  Moderate environmental damages/ 1% to <5% of Schedulemlgeﬁcgi(tj Ir:Sosre than 3
3) public Limited resources needed to respond total asset value
than 6 months
. Schedule impacted more than 1
Moderate Medical treatment for personnel/ N 0.1% to <1%
@) No impact on public Minor impact/No response needed of total asset value month but less
than 3 months
Negligible . <0.1% of total  Insignificant schedule slippage:
o Minor impact on personnel No damages asset value <1 month

Copyright © 2012 SciRes.
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Table 11. Summary of risk weights and MDM evaluations.

Development Option Risk Weight MDM
Tie Back 20.24 3.08
Fixed Platform 27.65 3.33
Semisubmersible 31.90 3.22
3.35
d Fixed
3.30 Platform -
3.25
s Semisub A
0O 3.20
=
3.15
3.10
M Tie Back
3.05
18.00 23.00 28.00 33.00
(a) Risk Weight
2.00
= B Tie Back
(]
E 1.50
Py Semisub A
[a)
2 100 .
‘é" ' @ Fixed
E Platform
< 050
o
=4
0.00
18.00 23.00 28.00 33.00

(b) Risk Weight

Figure 8. (a) Risk weight and MDM; (b) Risk weight and
NPV.

5. Comparison of Economical Value and
Multiattribute Decision Model

The main objective of this work is making a comparison
between the economical value measured by the NPV and
the Ul with the MDM concept however, as mentioned
previously it is relevant to incorporate the risk involved
with each development option since the economical in-
dexes are strongly related to the complexity to achieve
production from a particular development option. Thus,
in this work for comparison purposes, the risk weight
from Table 11 and the best NPV from Figure 3 which is
associated to the case of 6 wells for the three develop-
ment concepts are considered; see Table 12.

A plot of data from Table 12 is shown in Figure 8(b),
where it can be observed that the tie back is the best op-
tion since it provides the lowest risk weight and the
highest NPV. Differences between Figures 8(a) and (b)
are due to value MDM and NPV valuation approaches

Copyright © 2012 SciRes.

Table 12. Risk weight and best NPV for the three develop-
ment concepts.

Development Option Risk Weight NPV(((SI\\//lv'Z:%JSD)
Tie Back 20.24 1.72
Fixed Platform 27.65 0.90
Semisubmersible 31.90 1.32

since risk weight values determined by MDM are the
same for both figures. As mentioned, screening the de-
velopment concepts based only on economics measured
by economical indexes such as NPV and Ul could dis-
card concepts that can provide additional benefits during
the service life measured indirectly by the MDM, since
economics cannot easily appraise attributes like operabil-
ity, time to first production, reliability, fabrication and
installation; MDM represents the value appraised con-
sidering all these attributes.

Conclusions from Figure 8(b) show that the tie back
option maximizes the NPV since it requires the lowest
investment among the three concepts however, from the
experts perspective who participated in the weighted
valuation process to determine MDM and the risk weight,
from Figure 8(a) it can be deduced that the fixed plat-
form option can provide more value if relevant attributes
present during the service life of the system such as op-
erability, time to first production, reliability, fabrication
and installation are considered.

It is not the intention of this work to debate on the best
option to exploit an offshore gas field but to demonstrate
that the economic perspective solely can differ substan-
tially with the MDM approach when attributes that are
not easily quantified in economical terms are considered
in the MDM screening process.

On the other hand, the MDM approach presented in
this work is the analytic hierarchy process and reference
[10] shows that different MDM methods applied to the
same problem can yield different results. Thus, it is
highly expected that the MDM option selection can be
different compared with an economical approach based
on NPV.

The conclusion that can be derived from the compari-
son of these approaches could be that although inconsis-
tencies are avoided when applying MDM methods due to
the consistency indexes implemented within the MDM
methodologies, there is always the bias effect present
since attributes and sub-attributes are chosen by experts
who assign weights according with their personal knowl-
edge and experience.

Thus, would be recommended to compare the option
selected based on economical means and the outcome by
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MDM methodologies with a third input such as the in-
ternational industry experience. Since there is no close
solution due to the fact that economics may lead to
minimum investment which might not be the most reli-
able option and MDM would reflect experts’ bias so, a
third input would help to have a wider view for decision
making based on experience from other similar projects
performed internationally.

6. Stochastic Analysis

It is well known that the engineering judgment, which is
the main tool to assign attributes weights, may vary de-
pending on the information available, time frame to de-
liver results and even on the experts relationship thus, it
is important to perform a stochastic analysis to identify
how dependant is the development option selection to
variations in the attributes weights.

Attributes weights from top section of Table 6 were
set as the base case and a variation range up or down the
base case was defined considering a usual dispersion
shown by experts during attribute weight evaluation
workshops which is usually one scale unit of the analyti-
cal hierarchy process evaluation criteria as shown in Ta-
ble 5.

A Monte Carlo model based on Tables 6 and 8 was
setup to measure the stochastic multiattribute decision
model difference between the three development con-
cepts studied in this work when the attributes weights
vary. In this model, the attributes weights shown in Ta-
ble 6 considered as the base case, were made to vary
randomly on 10,000 trials between one up or down scale
unit of the analytical hierarchy process evaluation criteria
as explained before, see Table 5. This process allowed
determining the extreme attribute weights values shown
in Table 13.

To measure the stochastic MDM difference between
the three development concepts, the range within the
lower and upper attributes weight values from Table 13
was randomly sampled on 10,000 trials and inputted in
the Montecarlo Model based on Table 8.

Stochastic analysis results are shown in Figure 9, it
can be observed that the highest values of MDM are as-
sociated to the fixed platform development option since
the frequency diagram is positioned on the extreme right

Table 13. Attributes weight value range.

Lower Base Upper

Attributes Value Case  Value

1. Operability 0.18 0.39 0.57
2. Fabrication and Installation 0.03 0.06 0.09
3. Time to First Production and Cost 0.13 0.29 0.53

4. Reliability 0.14 0.26 0.46

Copyright © 2012 SciRes.
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Figure 9. Stochastic analysis of MDM.

of the plot. Two delimiters on the top horizontal axis
show the lower (3.181) and upper (3.438) extreme MDM
for the fixed platform development option thus, the cu-
mulative probability within these values is 100%.

The semisubmersible system development option has
62.5% probability of having the same MDM as the fixed
platform, 35.7% probability of having MDM less than
the fixed platform and only 1.8% probability of having
MDM greater than the fixed platform.

Finally, the tie back development option has 22.6%
probability of having the same MDM as the fixed plat-
form and 77.4% probability of having MDM less than
the fixed platform.

Additionally, from Figure 9 the median of the mul-
tiattribute decision model values which is 50% of cum-
mulative probability are 3.32, 3.23 and 3.07 for the fixed
platform, semisubmersible system and tie back develop-
ment concepts respectively which are almost the same as
determined from the experts’ workshop shown in Table
11. From previous results, it can be concluded that the
fixed platform development option is associated to the
highest probability of greater MDM.

From the economical perspective the tie back is the
best development option since it provides the highest
NPV, see Figure 8. However, by the multiattribute deci-
sion model used in this work, it is possible to identify
that the fixed platform could be a better development
option considering attributes that cannot be directly ap-
praised in economical terms such as operability and reli-
ability but as mentioned before the experts’ bias also
plays an important role in this result.

7. Conclusions

Different concept selections for hydrocarbon field de-
velopment planning based on economic and on multiat-
tribute decision analysis can be obtained. If different
multiattribute decision models are applied to the same
problem they can yield different results. Thus, it is ex-
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pected that the concept selection outcome from multiat-
tribute decision models can be different compared with
an economical approach.

Field development concept selection based on maxi-
mizing NPV calculated from a basic economical model
as it is usually done in the stages of screening and con-
cept selection could lead to exclude aspects that are rele-
vant during the infrastructure operation service life such
as operability and reliability.

The outcome from the multiattribute decision analysis
relies on the attributes selected and experts’ knowledge
and experience performing attributes weight valuation.
Experts’ bias effect can be appraised by introducing a
stochastic analysis of attributes weight valuation.

Since there is no close solution due to the fact that
concept selection based on economics may lead to mini-
mum investment which might not be the most reliable
option and multiattribute decision models would reflect
experts’ bias thus, a third input based on international
industry experience from similar projects would help to
have a wider view for decision making.

A method to identify the optimum number of wells
based on NPV and on what is called in the paper as Ul
(utility index) is presented; this method is also compared
with a full stochastic analysis which confirms its useful-
ness.

8. Acknowledgements

Authors would like to thank Instituto Mexicano del Petroleo
for providing the opportunity to produce and publish this
work.

REFERENCES

[1] R. D’Souza and S. Basu, “Field Development Panning
and Platform Concept Selection for Global Deepwater

Copyright © 2012 SciRes.

(2]

(3]

(4]

(5]

(6]

7]

(8]

(9]

[10]

Developments,” Offshore Technology Conference, Hous-
ton, 2-5 May 2011, pp. 1-7. doi:10.4043/21583-MS

AACE International, “Cost Estimate Classification Sys-
tem: As Applied in Engineering, Procurement, and Con-
struction for the Process Industries,” AACE International
Recommended Practice No. 18R-97, 2005.

“2011 Deepwater Solutions & Records for Concept Se-
lection,” Offshore Magazine, 2011.
http://www.offshore-mag.com/content/dam/etc/medialib/
platform-7/offshore/maps-and_posters/05110S_Deepwa-
terPoster040711Ads.pdf

T. L. Saaty, “The Analytic Hierarchy Process: Planning,
Priority Setting, Resource Allocation,” McGraw-Hill, New
York, 1980.

T. L. Saaty and L. G. Vargas, “Prediction, Projection, and
Forecasting: Applications of the Analytical Hierarchy Proc-
ess in Economics, Finance, Politics, Games, and Sports,”
Kluwer Academic Publishers, Boston, 1991.

J. A. Alonso and M. T. Lamata, “Consistency in the Ana-
Iytic Hierarchy Process: A New Approach,” International
Journal of Uncertainty, Fuzziness and Knowledge-Based
Systems, Vol. 14, No. 4, 2006, pp. 445-459.
d0i:10.1142/S0218488506004114

US Minerals Management Service, “Steel Catenary Riser
Integrity Management,” Joint Industry Project, Summary
of JIP. No. 4-4-5-010/TN08, Rev.1, 2008.

A. B. Chakraborty, “Holistic Approach to HSE Perform-
ance Asset, Monitoring and Management in an Integrated
Upstream Oil/Gas Corporation,” SPE International Con-
ference on Health, Safety, and Environment in Oil and
Gas Exploration and Production, Calgary, 29-31 March
2004, Document ID: 86744

Instituto Mexicano del Petréleo, “Internal Report on Con-
cept Selection,” 2008.

L. Virine and D. Murphy, “Analysis of Multicriteria De-
cision-Making Methodologies for the Petroleum Indus-
try,” International Petroleum Technology Conference, Dubai,
4-6 December 2007, Document ID: 11765.

ENG


http://dx.doi.org/10.4043/21583-MS
http://dx.doi.org/10.1142/S0218488506004114

807

J. E. RODRIGUEZ-SANCHEZ ET AL.

8T LHOIAM JMSII NOILJO
L 00ST 006 006 006 001 9¢ 9¢ 9¢ S 4 14 14 001 S SOUBdLUINH (]
€l 9T 9¢ 9T 96 L S1 L Sl 4 € 4 € Sl € SuIpooyy 1ayaled SN[ "6
9 1443 s€l €9 sel 9¢ S 7 Sl i4 € @ € 9¢ 4 (uoneurioy s3nid) swojqoid soueINSSE MO[{ '8
0T Sel Sel 9¢ 9¢ 9¢ 9¢ Sl S1 ¥ 4 € € Sl € uonerddo Suunp sain|iey woisAs [onu0) °L
0€ 1443 (43 Sel Sel 9¢ 9¢ S1 SI 14 ¥ € € 9¢ ¥ uonINISUOD [[oMm Fulmp Swalqoid 9
LT 143 1443 9¢ 9€ 9€ 9¢ ¥ 14 14 14 I I 9¢ ¥ dn eys o) damodnnselul Jo Aejp(q °g
‘uorne[esul
1T SEl Sel 9¢ Sel 9¢ 9¢ Sl 9¢ ¥ 14 € 14 S1 € Surnp ainyrey sourjadid / ampnnseu b
- m - - - “dn Sunuejs pue
1T Sel Sel 9¢ Sel 9¢ 9¢ Sl 9¢ ¥ 14 € 14 Sl € Suloissiwos Sunnp ainyrey juswdinby ‘¢
n - ‘a1nj1ey SIoyoue 1o saul] SuLloow
€T SEl SEl SEl Sel 9¢ 9¢ 9¢ 9¢ ¥ 14 4 14 S1 € 01 anp spearpIquin / sourpadid o) aSeweq 7
- . . - . . ‘yImoI3 aanngy pue
€C Sel 43 9¢ 9¢ Sl 9¢ 4 14 € 14 I I 9¢ ¥ ad£} [[oM “UOIEULIOJUI JI0AIASAI JO FUBYY) |

Koye Koge Koge (Burtopor) (resreaddy)
LHOTAM dINpayds  Anfep MAC JINPaYdS anJeA A QINpayds  anjep 1288 AUILIND( [es! V.
INAAA JUSWUOIIAUF  pue JUSWIUOIIAUY  pue JUSWIUOIIAUY  pue QUALINDQ INAAD JSRA
19lo1d 19SSy 1901 19SSy 109[01d 19SSy Jo Kyqeqoag
S ’ yiesHq : yiresHq : [esH g Jo fynqeqoag
JO yy3op
ST0 €T0 ST0 €T0
(resreaddy) saynqrine
SINAAT 40 (Surr0yoeq) sanqrane uo L)L WHO4LVTd AaXId
uo AILIAIS Joedur JUIAI STy
LNANSSASSY IS A3s Joedwr JUIAS HSLI JO JYSAL ‘NOILJO INHINdOTIATA A'TATA

SHLAGIILLY ST

‘uondo wuojre|d paxiy 40} JUSLWISSISSe MsIY T TV d]qe.L

T Xipuaddy

ENG

Copyright © 2012 SciRes.



J. E. RODRIGUEZ-SANCHEZ ET AL.

808

(49 LHODIAM JSTI NOILLdO
89 006  00ST 006 SLE 9¢ 001 9¢ Sl ¥ S 14 € 001 S SQuBdLUNH "0
zl 9T 74 74 9s L L L S z G Z € S € Suipooyy 1ayated Snis 6
& & w (uoneuwioy s3nyd)
€T Sel Sel €9 Sel Sl SI L Sl € (3 (4 £ 9¢ 4 swojqoid aouBINSse MO[] 'S
6T SLE  sLE 9¢ 9$ 001 001 S S S S € € S € uoneiado SuLnp sainjiey wajss [onuo) "L
St 006 006 Sel SEl 001 001 SI S1 S S € € 9¢ 4 uonoNISUOd [[9M SULIND SWI[OL] 9
(34 006 006 9¢ 9¢ 001 001 14 4 S S I I 9¢ 14 dn yreys 03 amjonyseyul Jo Ked(J *¢
‘uone|ejsul
9T Sel SLE 9¢ SEl 9¢ 001 SI 9¢ 4 S € 4 Sl € Suunp ainjre sourjadid / amponnsenu] b
- . . - - . . “dn Sunuess pue
9T Sel SLE 9¢ Sel 9€ 001 Sl 9€ 14 S € 14 Sl € Sutuorssiuwos Sunnp amyre juswdinby ‘¢
"2INn[Ie}] SIOYDdUE 10 Sdul| SuLioow o0}
€T Sel Sel Sel Sel 9¢ 9¢ 9¢ 9¢ 4 ¥ 4 4 Sl € onp spearpiquin / sourjadid 03 aSewe( ‘7
‘YmoI3 aanny pue od£) [jom
€T Sel 143 9¢ 9¢ Sl 9¢ 14 4 £ ¥ I I 9¢ 4 “UOIRULIOJUT TIOAJSDI JO STUBRYD) |

Koye Koye Koge (Bugrazsug) (resreaddy)
LHOTIM J[Npayds anjeA 1RJES J[Npaydsg  anjep 12Jes a[Npayos  anjep 1Jes RUALINIIQ 1ot V.
INAAHT JUQWIUOIIAUF  puB JUQWUOIIAUF  pue JUSWUOIIAU  pue RUALINIQ INTAT ISTA
100fo1d 19SSy 12fo1d 19SSy 1afold 19SSy Jo Kypiqeqoag
S ’ edH ’ YiesH ’ UiedaH 5 Jo Aypqeqoag
Jo S
€TO ST0 €T0 ST0
(resteaddy) saynqriye
SINAAT 40 (Burtojaey) snqrInE Uo £)11249s tio 1110408 Jovduiniiois ATAISUANINSTNAS
L ! AsRA
LNHWSSHSSV MSIA yoedur JudAD YSLI JO JYSIOA ‘NOILLdO INANJOTIAHTA A'THIA

SHLAGIILLY MSTI

‘uondo a|qISI3WIQNSILUSS 10} TUSLISSASSE XSIY "Z'TV alge.L

ENG

Copyright © 2012 SciRes.



