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ABSTRAcT
The selection of a suitable technical service provider in the oil and gas industry can be
a lengthy process. To expedite the procurement process, the analytic hierarchy process
(AHP) method is proposed as a means of identifying the best technical service provider
to develop a field development plan (FDP) for Field X. In the analysis of technical
service providers using the AHP model, the Technical Capability and Project
Deliverability criteria received the highest overall weights of 0.270 and 0.244,
respectively, while the Reliability of the Company and Technology Transfer criteria had
lower weights of 0.067 and 0.069, respectively. The Cost criterion had the third highest
weight, and the Track Record of Performance criterion the fourth highest in terms of
importance: their weights were 0.188 and 0.162, respectively. Provider 5 and Provider
1 had the highest and the second highest overall weights, which were 0.2895 and 0.2546
respectively, while Provider 2 had the lowest overall weight, 0.1246. Based on the use
of the AHP method, Provider 5 was selected as the provider to conduct the work of
developing an FDP for Field X.
Key Words: analytic hierarchy process, goal, criteria, alternative, field development
plan
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1.

INTRoDucTIoN

Oil prices are at a high level and are expected to remain so over the next few years. In
fact, oil prices have increased steadily from early 2005 to the present time. Although
world economic growth has slowed during the last few years, the price of oil has been
hovering around $100 U.S. per barrel for the last several months. With an economic
recovery expected in the coming years, the price of oil may range between $90 and $110
U.S. per barrel. After hitting a peak around 1996, oil production declined and has
continued to decline up to the present time. Production performance, as a source of
revenue to a company, has fallen in most of the major oilfields, and routine
optimization has not been able to stop the decline in production. Given the current
situation, the government is asking oil companies to look for ways to boost production
as high as possible to fill the gap. If no major study is undertaken to comprehensively
assess the potential of Field X (a specific field in the area of oil and gas exploration)
and recommend alternative optimization methods, production will continue to decline,
and Field X faces abandonment sometime in the coming years. This means that the
company will not achieve its objective of increasing oil production, and its overall
performance will decline (Riyadi, 2010). A comprehensive study to evaluate Field X is
therefore a must.
The potential of the field is there, as current recovery is about 34% (Riyadi, 2010) and
more oil can be recovered. A number of optimization works using primary recovery
methods have already been conducted, and the next step is to go beyond the use of
primary recovery methods. This requires the involvement of a number of specialists,
such as geologists, geophysicists, petrophysicists, geomodellers, reservoir simulation
engineers with an EOR (enhanced oil recovery) background, production technologists,
drilling engineers, completion engineers, facility engineers, and project economists.
The next questions are how to gather these personnel, and is there any in house
expertise available to do the work within the committed time frame?
From a current assessment at the corporate level, existing staff do not have the requisite
expertise. Some recruitment processes have been conducted, but suitable candidates
could not be found. Given the situation, the company’s managing director has decided
to outsource the work pertaining to Field X to a technical service provider. The
company must therefore develop a process for identifying and selecting a qualified and
suitable technical service provider capable of undertaking and completing the work.

2.
2.1

METHoDology
Analytic Hierarchy Process (AHP) Method

The selection of the technical service provider was done using the analytic hierarchy
process (AHP). This method has been applied in many other areas, such as accounting,
conflict analysis, energy, finance, healthcare, marketing, portfolio management, R & D
management, risk analysis, technology, and so on (Zahedi, 1986; Vaidya and Kumar,
2006; Sipahi and Timor, 2010).
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The AHP method structures a multi-criteria decision making (MCDM) problem by
developing a decision hierarchy that presents the relationships between the goal, the
criteria, the sub-criteria (if any), and the alternatives. Using the AHP method, the
following steps were used to select the technical service provider: (1) the goal or
objective of the problem was defined; (2) the criteria used to select a technical service
provider were defined; (3) alternatives were identified; (4) surveys were conducted
using a questionnaire developed for the process, and a conclusion was reached after
analysing the results of the survey.
Figure 1 shows the general structure of a decision hierarchy involving four major
criteria and five alternatives. Criteria 1 and 2 each have two sub-criteria, while criteria
3 and 4 do not have any sub-criteria.
figure 1: general structure of a decision hierarchy involving four major criteria and five
alternatives

According to Islam (2003), there are four steps to solving an MCDM problem using the
AHP method:
Step 1:

Decompose the problem at hand and find out the salient factors and elements
(criteria, sub-criteria and alternatives) of the problem. Then, construct the
linear hierarchy of the problem (see Figure 1).

Step 2:

Construct pairwise comparison matrices for all the criteria, sub-criteria (if
any), and alternatives.

Step 3:

Determine the weights of the criteria, sub-criteria (if any) and alternatives
from the pairwise comparison matrices obtained in Step 2 using a suitable
weight determination technique.

Step 4:

Synthesize all the local sets of weights computed in Step 3 and obtain a set
of overall weights for the alternatives.
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2.2

Goal and Criteria

As stated previously, the goal of the present work is to select the best technical service
provider to produce a field development plan for Field X. The field development plan
needs to be completed in 24 months. The FDP’s scope of work includes updating
the static and dynamic models, conducting enhanced oil recovery (EOR) screening,
predicting the performance of EOR alternatives, etc. After defining the goal, the
criteria were defined. The following six main criteria were identified for the present
work: Project Deliverability (PD), Technical Capability (TC), Reliability of the
Company (RB), Track Record of Performance (TRP), Cost (CT), and Technology
Transfer (TT).
2.3

Alternatives

The alternatives1 consisted of the prospective technical service providers, including
local, regional, and worldwide players. Five possible service providers are shown in the
following table.

2.4

Survey

A survey of the technical service providers was conducted through a questionnaire sent
to fifteen high ranking technical officials within the company. The questionnaire
consisted of three parts:
Part A – Demographic information.
Part B – Respondents’ opinions on the relative importance of the six criteria.
Part C – Respondents’ evaluations of the five service providers in a pairwise fashion.
2.5 Survey results
Although 15 questionnaires were sent to selected high ranking technical officials
within the company, only 11 completed questionnaires were returned. The demography
of the respondents can be seen in Figure 2. In terms of gender, only one respondent was
female, while the rest were male.
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figure 2: Demography of the respondents

With regard to educational background, a majority of respondents had a doctorate
(46%), followed by a master’s degree (36%). With respect to age, most respondents
were older (above 50) very experienced geoscientists (46%), followed by experienced
geoscientists between 36 and 40 years of age (36%). Age group was important, as it had
a correlation with the respondents’ involvement in bidding exercises: a majority of the
respondents (55%) had prior experience in technical bidding activities, having been
involved more than three times, while 36% of respondents had been involved in technical bidding activities from one to three times.

3.

APPlyINg THE AHP

Figure 3 shows the hierarchy of the technical service provider selection problem:
figure 3: Hierarchy of the technical service provider selection
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The next step in applying the AHP was to determine the weight of each criterion. The
weights of the criteria were compared using Saaty’s pairwise comparison method. To
apply pairwise comparison method, a pairwise comparison matrix (PCM) using Saaty’s
(1/9, 9) ratio scale was constructed for all the criteria. Table 1 shows the interpretation
of this scale (Saaty and Vargas, 1982; Saaty, 2008).
Table 1: Saaty’s (1/9, 9) ratio scale
verbal judgment of importance

numerical rating

equal importance

1

equal to moderate importance

2

Moderate importance

3

Moderate to strong importance

4

strong importance

5

strong to very strong importance

6

very strong importance

7

very strong to extremely strong importance

8

extreme importance

9

The general form of a PCM is as follows:

where w1, w2, w3, …, wn are the numerical weights of the criteria C1, C2, C3, …, Cn
respectively. According to the interpretation of the (1/9, 9) ratio scale, if the criterion
C1 in the above table (for example) is moderate in importance to C2, then w1/w2 = 3.
If C1 is strong in importance compared to C3, then w1/w3 = 5. By combining the
weight of each criterion with respect to other criteria using Saaty’s (1/9, 9) ratio scale,
the above table could be filled for each wi/wj where i, j = 1, 2, 3….n.
Verbal judgments pertaining to the importance of the technical service provider
selection criteria are provided below:
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There are three steps to computing the weight of each criterion using this procedure
(Anderson, et al., 2011): (a) sum the values in each column of the PCM; (b) divide each
element in the matrix by its column total (this is referred to as the normalized PCM);
and (c) compute the average of the elements in each row of the normalized matrix to get
the weight of each criteria. Table 2 shows an example of the computation of weights
using the row-column normalization procedure for the questionnaire of Respondent #5.
Table 2: computation of criteria weights using the row-column normalization procedure
(for Respondent #5)

3.1

Measuring consistency in decision making judgments

To ensure that the judgments were consistent, the consistency of the responses was
measured. There are several steps to calculating the consistency index.
Jul-DEc 2013|
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Step a: Multiply the first column of the PCM by the weight of the first criterion. Next,
multiply the second column by the weight of the second criterion, and so on. Add the
elements across the rows. This gives a weighted sum vector.
Step b: Divide each element of the weighted sum vector by the weights of the criteria.
That is, the first element should be divided by the weight of the first criterion, the
second element should be divided by the weight of the second criterion, and so on. This
division provides the consistency vector.
Step c: Calculate the average of the elements of the consistency vector, which is called
“lambda”. Lambda is denoted by the symbol λ. In the present case, λ = 6.31.

Step d: Calculate the consistency index (CI) using the following formula:
CI = (λ-n)/(n-1)
CI = (6.31-6)/(6-1) = 0.0615
The CI provides a measure of departure from consistency. When CI = 0 (meaning that
λ = n), the PCM is perfectly consistent and there is no inconsistency in it.
Step e: Calculate the consistency ratio (CR). This is the actual measure of consistency.
It is defined as follows:
CR = CI/RI, where RI is the Random Index.
The RI value is taken from a standard table for various sizes of the PCM. The size
of PCM in this case is 6, so the RI is equal to 1.24. Therefore, CR can be calculated
and is equal to 0.05. The CR is used to determine the extent to which the elements
in the PCM are randomly arranged. If the CR value is less than 0.10, the amount of
inconsistency present in the PCM is acceptable. In the present case, the CR is less than
0.10 so the amount of inconsistency is acceptable.
The next step is to construct the PCMs for the alternatives with respect to each
criterion. Similar to the process encoded in Table 2, the weights for the alternatives with
respect to each criterion were computed using the row-column normalization procedure.
All the PCMs were dealt with independently. The detailed computations for Respondent
#5 can be found in Table 3a).
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Table 3a: computation of weights for the alternatives with respect to each criterion using
the row-column normalization procedure (for Respondent #5)
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Table 3b: Synthesis of the local set of weights for Respondent #5

Table 3b shows the synthesized results used to obtain the global (overall) weights for
Respondent #5. The overall weight of each provider was calculated using the following
formula:
W𝑗=𝑖=1𝑛𝑝𝑖 𝑞𝑖𝑗
where p𝑖, i=1,2,3…,n are the weights of the criteria and qij, j=1,2,3….,m are the weights
of the alternatives ‘j’ with respect to criterion ‘i’. By applying this formula, the global
(overall) weight of each alternative was calculated. From Table 3b, the overall weights
for Provider 1, Provider 2, Provider 3, Provider 4, and Provider 5 were 0.265, 0.138,
0.177, 0.167, and 0.254, respectively. Therefore, Provider 5 had the highest
overall weight among all providers. Note that this decision is based on the data
provided by only one respondent.
Next, an average value was developed for each element of a PCM, for both the criteria
and the alternatives. The average method used was the geometric mean (geometric
average). The geometric mean of a data set
is obtained using the
following formula:

where a is the value for each element and n is the total number of respondents.
Table 4: geometric mean of the PcM for the criteria

Table 4 shows the average PCM for all the criteria using the geometric mean. The
Technical Capability and Project Deliverability criteria had the highest and second
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highest overall weight, while the Reliability of the Company criterion had the lowest
overall weight. The weights of the alternatives were then calculated for each criterion.
Following a similar approach to that used to develop Table 4, each element was
calculated using the geometric mean. Table 5a shows the results for the alternatives with
respect to each criterion. With respect to Project Deliverability, Provider 5 and Provider
4 had the highest and the second highest weights of 0.329 and 0.291 respectively.
Similarly, with respect to the Technical Capability criterion, the same providers had the
highest and second highest weights, with values of 0.359 and 0.259, respectively.
Table 5a: Average PcM for the alternatives
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Table 5b shows the results of the synthesis of the results of previous calculations.
Provider 5 and Provider 1 had the highest and the second highest overall weights of
0.2895 and 0.2546, respectively, while Provider 2 had the lowest overall weight of
0.1246.
Table 5b: global weights of the alternatives

4.

DIScuSSIoN

This paper has discussed how the analytic hierarchy process (AHP) might be used to
select the best technical service provider to conduct a comprehensive study of Field X
and produce a field development plan (FDP). Using the AHP method, the weights of the
criteria involved in the selection of provider were determined. Figure 4 shows the
weights of the selected criteria.
The Technical Capability and the Project Deliverability criteria show the highest
overall weights of 0.270 and 0.244, respectively, while Reliability of the Company
and Technology Transfer have low weights of 0.067 and 0.069, respectively. The Cost
criterion has the third highest weight, while the Track Record of Performance criterion
has the fourth highest weight. The weights for these two criteria are 0.188 and 0.162,
respectively.
The Technical Capability criterion is consistent with the reality of the provider’s
business activities. This criterion determines the quality of the product and drives the
accuracy and the comprehensiveness of the technical assessment. It also assesses the
uncertainties of the business and mitigates them to reduce risk. On the other hand, the
Project Deliverability criterion also reflects the reality of the business. This criterion
drives critical issues with respect to a provider’s ability to deliver the project according
to the project timeline.
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figure 4: overall weights of the criteria

Figure 5 shows the weights of the alternatives with respect to each criterion. Provider 5
and Provider 1 have the highest scores with respect to both Technical Capability and
Project Deliverability. These two criteria are essentially determining the higher global
(overall) weight.
figure 5: Weights of the alternatives with respect to each criterion

Finally, Figure 6 shows the overall weight for each provider. Provider 5 and Provider 1
have the highest and second highest overall weights of 0.2895 and 0.2546 respectively.
As a result, it is recommended that Provider 5 be selected to conduct the study and
develop the field development plan (FDP) for Field X. The key to Provider 5 achieving
the highest weight (score) lies in the company’s high technical capability: the company
achieved the highest score for Technical Capability, the criterion that was assigned the
highest weight among all the selection criteria. Provider 2 has the lowest overall weight
of 0.1246.
figure 6: overall weights of the providers
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Provider 2 ended up with the lowest overall weight because it had the lowest weight in
the three most important criteria: Technical Capability, Project Deliverability, and Track
Record of Performance. Figure 7 shows the comparison of overall weights between
Provider 2, Provider 5 and the average of all providers.
figure 7: overall weights for Provider 2 (lowest weight) and Provider 5 (highest weight)
and overall average weight for all providers

5.

coNcluSIoN AND REcoMMENDATIoN

The result obtained using the AHP method to select a service provider represents the
collective perspective of the expertise within the company. The result could provide
direction to management (a bid committee) in selecting the most capable technical
services provider. Based on the AHP results, Technical Capability was the most
important criterion (0.270) that a technical services provider in the oil and gas industry
was required to meet, followed by Project Deliverability (0.244). Provider 5 had
the highest global weight (0.290), followed by Provider 1 (0.255). Both providers are
established international players in the oil and gas industry. Provider 2, which had the
lowest global weight (0.125), is a locally-based technical consulting company. The low
score demonstrates that the company needs to improve its Technical Capability and
Project Deliverability in order to compete with international players.
As for recommendations, sub-criteria (especially for Technical Capability) could be
developed and employed as part of the evaluation of service providers. This would
provide additional criteria against which a company’s technical competency in geology
& geophysics, reservoir, production, drilling, completion and facilities, might be
assessed in order to get the best technical consultant and maximize the use of company
assets. A sensitivity analysis might also be performed to see the stability of the overall
standing of the alternatives.
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