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Introduction

Maximizing the recovery factor and economic profit
are the main goals of enhanced oil recovery (EOR)
methods. Pilot design plays a vital role in the road map
of EOR planning and risk reduction. Therefore, EOR
pilots are conducted to reduce uncertainty in EOR
performance [1]. In the last 50 years, a significant
number of EOR field pilots has been studied and
the gained experience has been used the oil and gas
industry [2]. The results of the implementation of
EOR pilots may increase consciousness regarding
hydrocarbon field behavior and EOR scenarios
designed for entire hydrocarbon field. Pilot area
selection is one of the imperative factors in designing
an EOR. The objective of the pilot location studies is
determining how to narrow down the pilot candidate
areas from the field extent to only an optimum area of
interest. In the literature review, the reservoir area is
filtered to select the pilot area according to some merit
parameters [3-5]. In addition, the reservoir is divided
into a number of areas, and the pilot area is selected on
the basis of a semi-quantitative approach [6-8].

Materials and Methods

In this paper, a methodology is presented to select the
location of the pilot for an EOR project. To do so, a
pilot opportunity index is introduced. The proposed
index is defined based on integration of reservoir
quality maps (from reservoir simulations), hybrid
hierarchical k-means clustering and the TOPSIS as a
multi-criteria decision-making method. Ultimately, the

Accepted: December/16/2020

presented method is applied to a real reservoir case,
and the optimum pilot area is thereby determined.

Results and Discussion

The arrays of RF are applied to quantitatively
characterize the reservoir behavior in an area. The
hybrid hierarchical k-means clustering is then
employed to group areas so that areas within each
cluster are similar to each other, while areas from
different clusters are dissimilar. In other words,
they determine the optimal number of the reservoir
behaviors among 66 candidate arecas with respect
to arrays of RF. The candidate areas were grouped
into five clusters with respect to the RF arrays. To
calculate the POI of each candidate area, the criteria
of Reservoir Similarity Index (RSI), the number of
interfered wells, the average distance between these
wells and a candidate area, the number of adjacent
wells, the average distance of these wells to candidate
area, the distance between a candidate area and surface
facilities, and finally, the number of existing applicable
wells for running a pilot have been considered with the
weight factors 0 0.33, 0.145, 0.145, 0.055, 0.055, 0.09
and 0.18, respectively. The candidate area number 8
has the first priority to be selected as the pilot area.

Conclusions

In this study, a novel systematic and quantitative
approach  consisting of reservoir-geology and
operational-economic criteria has been presented. A
cluster analysis as an unsupervised machine learning
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method could be applied to quantify reservoir
representative intensity values. MCDMs as decision-
making methods have been utilized to integrate the
factors, i.e. the number of interfered wells, the average
distance between these wells and a candidate area,
number of adjacent wells, the average distance of
these wells to candidate area, the distance between
a candidate area and surface facilities, and number
of existing applicable wells for running a pilot, in
addition to RSI criteria with each other, and thereby,
a new index called the POI has been presented. A field
of study is segmented into 66 pilot candidate areas.
Afterwards, corresponding RF array of the areas are
optimally clustered in 5 clusters based on simulated
annual 3-D reservoir quality maps of remaining oil
volume. A hybrid integration of the hierarchical
k-means clustering and TOPSIS resulted in the
highest value of POI in area number 8. Ultimately, the
methodology presented in this paper has the capability
to be extended to all EOR methods. Various EOR
methods such as miscible gas and chemical flooding
can be simulated to compute RF array. Furthermore,
it is suggested that for enhancing and developing
the presented methodology, other well patterns will
be examined, and another criterion in addition to the
mentioned criteria will be respected.
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