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Introduction

Managing oil reservoirs to increase their lifespan is
always one of the concerns of oil-bearing countries.
Nowadays, to overcome the high volume of demand
of various industries for crude oil and its products on
one hand and the limitation of exploration, production,
and exploitation of reservoirs on the other hand, new
methods have been developed and proposed in the
oil industry to increase the rate of oil production [I,
2]. According to the studies which have been carried
out by engineers, oil fields are natural reservoirs,
and some of them and the drilled wells can face
a reduction in the recovery factor and a drop in
production. Furthermore, according to the statistics
of the International Energy Agency (IEA), in the
period from 2011 to 2020, Iran’s annual production
decreased by 5%, and there will be an increase in
demand in the world by 1.1 million barrels per day
[3]. To respond to the growing global demand for oil
and gas resources, either new hydrocarbon resources
should be discovered and exploited, or unused oil and
gas in the reservoirs should be subjected to enhanced
oil recovery, using various technologies. Meanwhile,
considering the difficult conditions of exploration and
protection of existing hydrocarbon resources, the use
of the second method is more logical [4]. Enhanced
oil recovery and improving the recovery rate from oil
reservoirs is one of the most effective ways to reduce
the gap between production and demand. Most of the
researchers believe that without enhanced recovery
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methods, only one-third of the total available oil can
be commercially extracted in the oil-rich regions of the
world [3]. In addition, Enhanced Oil Recovery (EOR)
refers to a set of methods and processes that try to use
energy or materials outside of the oil field to extract
and exploit crude oil that is not possible to extract with
normal methods or its production is not economically
affordable [4]. Moreover, with the increase in the
number of mature oil fields, the phenomena that lead
to the development of more advanced technologies
in enhanced oil recovery are potentially effective for
modifying the reservoir specifications [5].

Every year, a lot of money is spent on research projects
on the EOR methods, in the world, and countries
with oil reservoirs always try to use the most suitable
method to benefit from their resources as much as
possible. Because Iran is one of the owners of these
reservoirs, more studies should be done in the field of
enhanced recovery in the country [6]. Screening EOR
methods to choose the optimal one that is suitable for
the specific conditions of each reservoir has received
much attention in recent years. Reservoir engineers
often use reservoir screening and simulation tools to
build reliable reservoir models to predict production.
However, these tools can not consider and evaluate the
potential risks associated with EOR projects. Although
the high accuracy of screening and simulation tools
cannot be denied, risk assessment methods (to evaluate
the potential risks of EOR methods) should be used
as a complementary tool in addition to screening



and simulation for a more accurate ranking of EOR
methods. Choosing the right EOR method can increase
the efficiency of extraction and achieve economic
benefits. It also plays a crucial role in protecting the
environment, preventing the occurrence of natural
hazards, and bringing sustainable energy development
to the country. The current research aims to develop
a hybrid approach for screening, risk assessment,
and prioritization of EOR methods for the Asmari
reservoir, one of Iran’s known reservoirs.

Materials and Methods

This study is classified as descriptive-case study
research, in terms of purpose, and applied research
based on the method of data collection. This research is
quantitative in terms of analysis approach and data type
and cross-sectional research in terms of time horizon.
The required data was collected through a library and
field studies (two researcher-made questionnaires). In
this way, firstly, the primary risks of the EOR methods
have been identified through library studies. Then
screening the primary risks and determining their
score and degree of importance are done by field study.
In addition, the Asmari reservoir, located in one of the
oil fields in Iran, is considered a case study. The face
validity method and the Content Validity Ratio (CVR)
index confirmed the validity of the questionnaires.
Furthermore, Cronbach’s alpha coefficient was used
to measure the reliability of the questionnaires. As
the coefficient value was 0.825, the reliability of the
questionnaire was confirmed. In the data analysis
phase, first, four EOR methods, including miscible
injection of CO,, Polymer injection, N, injection, and
Water Alternating Gas (WAG) were screened using
an Adaptive-Network-based Fuzzy Inference System
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(ANFIS) approach. Two EOR methods such as
miscible injection of CO, and Polymer injection were
determined as suitable ones for the studied reservoir.
Then, to evaluate them more accurately, the risks of
these two methods were identified and evaluated
using Delphi and Failure Modes and Effects Analysis
(FMEA) methods.

Results and Discussion

Findings showed that according to the specifications of
the Asmari oil reservoir, the method of miscible injection
of CO, will most likely lead to asphaltene deposition
and severe negative effects in the enhanced recovery
of this reservoir. In addition, the use of the polymer
injection method to enhance oil recovery from this
reservoir could have the risk of reducing permeability.
However, choosing any of the selected EOR methods
for the Asmari reservoir brought its risks. The results of
the risk assessment showed that the two risks of “severe
damage caused by asphaltene deposition” with a score
of 14.11 and “reduced permeability” with a score of
15.90 are respectively the most important risks of using
the miscible injection of CO, and polymer injection
for enhancing oil recovery in the Asmari reservoir. To
determine the preferred EOR method, the scores resulted
from these two methods in both stages of screening
using the Adaptive-Network-based Fuzzy Inference
System and risk assessment using the Failure Modes
and Effect Analysis, the polymer injection method has
less risk, and it was chosen as the best EOR method for
the studied reservoir. Table 1 shows the final score of
each EOR method and their final ranking in more detail.
To better show the performance of the three methods of
ANFIS, FMEA, and the hybrid method in evaluating the
two EOR methods, the results were compared in Fig. 1.

Table 1 Final score and rank of candidate EOR methods for the studied reservoir.

Normalized inverse RPNs Normal Recovery
Final Rank | Final Score . Inverse RPNs | recovery | . EOR methods
for the recovery index index index
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Fig. 1 Comparing the performance of ANFIS, FMEA, and the hybrid methods in evaluating the selected EOR methods
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Conclusions

The EOR methods are efficient in oil production. This
fact clearly highlights the importance of EOR methods
and the necessity of investment in this field. Choosing
the right EOR method requires simulation and
laboratory studies in pilot form. Ultimatly, considering
the results of this research that the polymer injection
method is chosen as the most appropriate and least
risky EOR method for the Asmari reservoir, to improve
the performance of this method, it is necessary
to continuously monitor and control the reservoir
pressure as a preventive action in the face of technical/
economic risk of permeability reduction.
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