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Introduction

Pilot designing decisions have a key role in the
development road map of the hydrocarbon fields. Pilot
implementation in the oil field reduces the uncertainty
of the Field Development Plan (FDP) and production
scenarios can be designed with less risk for the full
field [1].

In the literature efforts, several criteria were reported
to select the best pilot area, including proximity to
water sources, wellhead facility, high remaining oil
saturation, high net pay thickness, injectivity and
distance between injection and production wells [2—
5]. However, there is not a clear systematic procedure
to address this problem.

The main objective of the current study is to present a
road map for selecting the best pilot area using multi-
criteria decision making algorithms. To do so, reservoir
representativeness index is employed as geological
criterion and number of existing applicable wells,
interfered wells and adjacent wells distance between
these wells and pilot area is considered. Finally,
MCDM methods (e.g. TOPSIS, AHP) are utilized to
rank the alternatives and introduce the best one.

Data Preparing

The case study includes a field located in the southwest
of Iran. At first, this field was divided into small
regions, i.e., pilot candidate area. Afterward, in this
research, new variable has been described as the
reservoir similarity index (RSI). In other words, it is a
linear combination of the distance from the dominant
cluster center for RF and COV variables. Moreover,
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several features are considered (e.g. number of existing
applicable wells, interfered and adjacent wells) as pilot
area selection criteria.

Material and Methodology

Clustering Analysis

Dividing sample data into some subsets without using
any labels is called unsupervised clustering. In fact,
each group is created using similarity/dissimilarity, i.e.,
distance measures for grouping the objects (samples) in
clusters. Several methods can be applied for clustering
the objects including k-means, k-medoids, c-means,
etc. However, most of these techniques need to provide
and determine the optimum number of clusters [6]. In
the following sections, several clustering techniques
will be presented and their advantage and limitations
will be discussed.

Determining the optimal number of clusters

The hierarchical method can classify data by comparing
the distance between pair values without determining
the number of clusters. Therefore, the clustering result
can be applied to determine the number of clusters and
initializing the used clustering algorithms. In addition,
silhouette method can also be used to choose the
optimal number of clusters [7].

Multi-Criteria Decision Making

Decision-making processes involve a series of steps:
identifying the problems, constructing the preferences,
evaluating the alternatives, and determining the best
alternatives. Several algorithms were developed to
calculate the score of each alternative. The columns of
the decision matrix have various attribute, i.e., criteria
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that are necessary to determine their importance
and weight in decision making problems. Different
methods are used to determine these weights, which
include: 1) using the knowledge of a domain expert, 2)
calculating from the knowledge of data and relying on
the data, 3) using the knowledge of an expert and the
knowledge of data at the same time. In the following,
the details of the methods will be fully explained [&].

Results and Discussion

In this research, in order to reduce the risk of field
operations, the representative approach of the candidate
area was used for decision making. The reservoir
areas were assigned into different clusters according
to different features such as ultimate Recovery Factor
(RF), similarity in dynamic behavior, i.e., Covariance
matrix (COV) of the areas. Then, the cluster with the
maximum number of objects was considered as the
dominant cluster. Afterwards, distance of the rest of
the regions was calculated relative to the coordinates
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of the center of the dominant cluster. Hence, this
criterion can be used as a pilot geological criterion. In
the following, both features (RF and COV) will be used
to cluster the reservoir areas, and we will calculate the
RSI as a function of these variables.

Multi-criteria decision making techniques can be used
to select the best pilot candidate area. These methods
are divided into two categories: 1) data-driven, e.g.,
Shannon entropy and TOPSIS and 2) based on domain
expert knowledge, e.g., analytical hierarchy process.
Fig. 1 shows the ranking results of pilot candidate
areas based on TOPSIS method.

In this study, various MCDM methods, including
Shannon entropy method, TOPSIS, analytical
hierarchy process were employed and integrated to
propose the best alternative. Next, as can be illustrated
in Table 1, the ensemble method (e.g. rank averaging)
can be used for total ranking and determining the best
areas based on voting.

x10%

Fig. 1 The location of the best pilot candidate areas (using the TOPSIS method) and the current wells in the field.

Table 1 Comparison of MCDM results and using prioritization strategy.

Pilot area Shannon Entropy TOPSIS AHP Rank Average Ranking
1 150 1 1 1 1.0 1
2 176 2 7 6 5.0 5
3 163 3 2 2 23 2
4 151 4 3 4 3.7 3
5 138 5 4 3 4.0 4
6 175 6 6 5 5.7 6
7 162 7 5 7 6.3 7
8 137 8 8 8 8.0 8
9 174 9 9 9 9.0 9
10 149 10 10 11 10.3 10
Conclusion variables including: reservoir geometry, reservoir rock

In this research, we concentrated on developing a
systematic method for indicating the best hydrocarbon
pilot area. Therefore, an oil field is divided into
small regions, i.e., candidate area and the main input

and fluids properties, the production history of each
well, e.g., water, oil and gas flowrate, and location
of wells are prepared. Afterwards, several clustering
analysis, optimization and decision making algorithm
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were performed. The main results related to the
efficiency of each of the methods can be expressed as
follows:

1) The selected area must have the representative con-
ditions of the reservoir in terms of geology and also be
appropriate in terms of technical-economic operation-
al evaluation. Therefore, it was considered different
such as proximity to wellhead facilities and existing
applicable wells in the field.

2) Optimum number of clusters was indicated equal to
three using different algorithms including hierarchical,
Elbow and silhouette methods. Then, various cluster-
ing techniques (e.g. k-means, k-medoids and c-means)
were employed to determine the cluster centers.

3) Different economic-operational criteria, includ-
ing the number of interference wells and the average
distance of the candidate area from these wells, the
number of wells in the neighborhood and the average
distance from these wells, the distance from the well-
head equipment were determined and considered as
decision criteria.

4) The top candidate areas were determined by using
the prioritization strategy and combining the ranking
results of different methods such as Shannon entropy,
TOPSIS, and AHP methods.
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