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Abstract: In the recent years, the growing demand for energy on the one hand and the reduction of conventional hydrocarbon reserves on the other hand have made the proper 
extraction of oil and gas reserves, i.e. reservoir management issues, more important and hence proper management of these reserves is inevitable. Although renewable energies 
currently provide the bulk of the world’s energy needs, hydrocarbon fuels remain the main source of energy until 2035.Despite the growing importance of the Integrated Reservoir 
Management Model (IRMI), as a rational solution to maximize economic production from oil and gas reservoirs, a comprehensive model that can cover all reservoir management 
modules has not yet been proposed. In this paper, by examining the current condition of reservoir management in one of the subsidiaries of the National Iranian Oil company and 
analyzing the obtained results, we offer some solutions to improve the condition and finally, we present a comprehensive model for reservoir management in this company.  
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1 INTRODUCTION 

New concepts and methods have been developed since 
the first definition of reservoir management presented by 
Thakur and Satter [1-3] that can be examined through 
modern approaches to reservoir management.  

Since one of the most important factors in increasing the 
power of influence and bargaining in markets and 

international organizations is the volume of strategic 
hydrocarbon reserves and the oil production capacity of 
countries, it seems that the realization of the goals of the 
resistance economy, especially the development of oil and 
gas production capacities, maximum efficient recovery, 
completion of the value chain and etc. will face fundamental 
challenges.  

Figure 1 Data value analysis flowchart [4] 



Seyed Emad Hosseini, et al.: Designing an Integrated Model of Oil and Gas Management with SWOT Approach: The case of the NIOC 

441 

As a result, the need for a comprehensive model of 
integrated reservoir management which includes all effective 
criteria for a maximum efficient recovery and an increase in 
recycling oil and gas reservoirs is strongly felt. Familiarity 
with the reservoir and knowing the way of managing it and 
the elements affecting it are necessary for the effective 
utilization of hydrocarbon reservoirs. 

Therefore, the aim of this paper is to present an 
integrated and dynamic model of oil and gas reservoir 
management as a tool to successfully implement the strategy 
of oil and gas field development, which at first considers the 
existing condition of reservoir management in the National 
Iranian Oil Co. and then identifies the requirements and 
challenges of oil and gas reservoir management and 
according to the upstream documents of the National Iranian 
Oil Co., presents a comprehensive model of reservoir 
management through the experts’ opinions in one of the oil 
subsidiaries. 

An example of the modern methods of reservoir 
management can be found in Schiozer’s research. It is a 
comprehensive model for reservoir management (Fig. 1) 
which includes 12 steps that perform decision-making in the 
condition of data uncertainty with a lower risk. This method 
covers all stages of reservoir management including reservoir 
simulation, reservoir history matching and reservoir 
production and development strategy, and it helps reduce the 
risk over the life of the reservoir [4, 5].  

The decision-making structure in reservoir management 
is multi-layered and hierarchical in the sense that it is 
separated by a scheduling structure. This structure in the 
reservoir management process can be explained as seen in 
Fig. 2 [6]. 

Figure 2 Hierarchy and control layers in reservoir management [6] 

In this method, decision-making is divided into three 
periods of long-term, medium-term and short-term duration. 
The asset and capital management of a company in reservoir 
management is the one of long-term decisions that requires 
field development planning or production planning, which is 
usually the same as the life of depreciable assets. 

Well placement optimization is a medium-term decision-
making process aiming to provide a production strategy in 
each well and to optimize the location of wells and the 
production rate of each of them. Short-term planning 
considers the daily production of wells and solving the 
problems during exploitation operations. In this structure, 
control factors, which control technical issues, are also 
defined. The whole structure is defined in a closed process 
called the closed loop. 

Figure 3 SA executive model for smart reservoir management using multi-criteria optimization models [7] 
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Smart reservoir management is also one of the novel 
methods being studied more and more every day. The model 
applied in one of these studies, presented by Moradi [7], is 
showed in Fig. 3. This method is called SA Simulation 
Awareness and it contains a cycle for planning all factors that 
influence reservoir management, i.e. factors such as capital 
planning, technical and operational management of the entire 
oil and gas reservoir system. In this model, the reservoir 
manager dynamically controls the reservoir conditions. 

This kind of control includes the reservoir simulation 
model and the real data received from the exploitation 
operation which updates the executive model and improves 
the condition of reservoir management. The analysis of the 
obtained data and information and their evaluation for a 
better understanding of the efficiency of the implemented 
method and the extraction of the reservoir is the next step. 
Forecasting the future of the reservoir in order to achieve the 
highest and most optimal value and income from the 
reservoir is also the last step of decision-making.  

One of the most important goals of reservoir 
management, which is studied in all research nowadays, is a 
correct, logical and responsible management of the existing 
resources, as well as obtaining the highest profit and, in fact, 
net value from oil and gas reserves. The first effective and 
useful step in managing the reservoir is to model and 
aggregate all influential variables in the reservoir for the best 
available model and to evaluate the model by examining the 
reservoir’s past. However, despite examining the history of 
the reservoir, there is also a need for activating the algorithms 
that continuously control the optimal amount of production 
to determine the best net present value. Of course, it should 
be noted that the generalization of the model built for the 
whole field, due to the lack of sufficient information from the 
reservoir, creates problems. Therefore, certain algorithms 
have recently been defined to solve these uncertainties; 
algorithms such as Steepest Ascent (SA), Sequential 
Quadratic Programming (SQP), Variable Precision Rough 
Set (VPRS) and the Interior Point (IP) [8-10].  

Figure 4 Theoretical research framework [author] 

2 RESEARCH FRAMEWORK 

This paper is divided into three phases (Fig. 4). 

2.1  Designing Decision Variables in Reservoir Management 

In this study, a group of industry experts and professors 
of the Amirkabir University of Technology and the Tehran 
University first gathered together, and a questionnaire in the 
field of reservoir management was designed according to the 
existing strengths, weaknesses, threats and opportunities of 
the oil industry. The questionnaire was distributed among 33 
experts and managers of one of the subsidiaries of the 
National Iranian Oil Co., and the answers were evaluated 
based on certain indicators. Questions were about oil, gas and 
some other industries and were designed on the basis of the 
nature and technical and managerial structure of the research 
and its predetermined goals. The questionnaire was based on 
a Likert scale and in the five categories of ‘I’m absolutely for 
it’, ‘I’m for it’, ‘I have no idea’, ‘I’m not for it’ and ‘I’m 
absolutely not for it’. Then, the numerical value of each 
category was determined, which seemed to be enough for the 
scores 1, 2, 3, 4 and 5.  

Table 1 Influential variables in developing the reservoir management model of the 
National Iranian Oil Co. 

1 The impact of technical knowledge and expert staff in the field of 
reservoir management in the National Iranian Oil Co. 

2 The impact of the organizational structure in proportion to the 
implementation of reservoir management in the National Iranian Oil 
Co. 

3 The impact of the political and economic conditions on the reservoir 
management model in the National Iranian Oil Co. 

4 The impact of the international conditions on the reservoir 
management model in the National Iranian Oil Co. 

The above-mentioned items led us to design a 
questionnaire to examine the condition in one of the 
subsidiaries of the National Iranian Oil Company.  

2.2  How to Distribute the Research Variables Based on the 
Kolmogorov-Smirnov Test 

This test is used to examine the claim made about the 
data distribution of a quantitative variable; e.g., is the 
distribution of the variable under the study Normal? 
Therefore, the normality claim of the distribution of all 
variables is examined through this study. 

The statistical hypothesis of the study is as follows: 
H0: Data follow the Normal distribution 
H1: Data do not the Normal distribution 

Based on the output of the SPSS software and the 
significance value, which is abbreviated to Sig, we examine 
the normality claim of the research variables. Sig is also 
known as the P-value. The lower the Sig value, the easier it 
is to reject the null hypothesis. Alpha (α) is the error level 
that the researcher considers (which is usually 5%). In 
general, we can say that: 

IF Asymp. Sig. (2-tailed) < α = 0.05 ⇒ H0: Reject 
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IF Asymp. Sig. (2-tailed) ≥ α = 0.05 ⇒ H1: Not Reject The results the of Kolmogorov-Smirnov Test for each of 
the research values are shown in Tabs. (2) and (3). 

Table 2 Kolmogorov-Smirnov Test for the research variables 

Observing Institutionalization Familiarity of 
the macro level 

Preparation of the 
company 

Importance of 
implementing 

Application of an 
integrated model 

The role of 
the reservoir 

Having an 
expert human 

resource 
N 34 34 34 34 34 34 34 33 
Nor an 4.3 2.5 2.5 1.91 4.9 4.5 4.6 2.5 

d. .81 1.0 1.7 1.19 .95 .49 .58 1.3 
Most e  A .31 .24 .26 .337 .32 .383 .44 .22 

P .21 .24 .26 .337 .28 .29 .29 .22 
e -.37 -.14 -.24 -.222 -.32 -.38 -.44 -.14 

Test Statistic .31 .24 .26 .337 .32 .38 .44 .22 
Asymp. Sig. .06 .01 .03 .077 .10 .09 .07 .05 

Table 3 Kolmogorov-Smirnov Test for the research variables 

Observing Institutionalization Familiarity of 
the macro level 

Preparation of the 
company 

Importance of 
implementing 

Application of an 
integrated model 

The role of 
the reservoir 

Having an 
expert human 

resource 
N 34 34 34 34 34 34 34 34 
Nor a 2.5 2.0 4.8 4.5 2.3 1.50 4.4 4.6 

d. 1.1 1.5 .45 .65 1.1 .99 .7 .4 
Most e  A .32 .27 .53 .411 .33 .458 .31 .49 

P .32 .27 .30 .265 .33 .458 .27 .28 
e -.17 -.23 -.53 -.411 -.26 -.307 -.31 -.49 

Test Statistic .31 .32 .27 .503 .41 .353 .48 .31 
Asymp. Sig. .06 .08 .12 .221 .09 .325 .08 .17 

If the value of the significance level is greater than the 
value of the error (alpha), we conclude the null hypothesis, 
and if the value of the significance level is smaller than the 
error, we conclude the research hypothesis. Since the value 
of the significance level of all research variables is greater 
than the error value of 0.05, we conclude that the distribution 
of all variables is Normal. Therefore, parametric tests (single-
sample t-test) are used to test the research questions.  

2.3  Examining the Existing Condition of Variables 

A mean test of a statistical population is used to answer 
the research questions and to examine the condition of the 
variables (whether they are appropriate or inappropriate).  

The statistical hypothesis of the test is presented as 
follows: 

H0: μ ≤ 3 (It Is Not in a Good Condition) 
H1: μ > 3 (It Is in a Good Condition) 

The result of the t-test consists of two outputs. The first 
output includes the descriptive statistics related to the 
hypothesis test, and the calculated numbers include the 
number of data, mean, standard deviation and mean standard 
error, respectively. The second output of the test includes the 
inferential statistics of the test which from left to right has the 
name of the variable in the first column, the statistic of t in 
the second column, the degree of freedom for each variable 
in the third column, the significance in the fourth column, the 
mean difference of each variable with three in the fifth 
column, and the last two columns for the upper and lower 
limits.  

Table 4 Summary of the variables’ situations in the company 
Row Variable title Condition 

1 Paying attention to the reservoir management appropriate 
2 Institutionalizing the knowledge of the reservoir 

management inappropriate 

3 Familiarity of the macro level managers with the 
basics of the reservoir management inappropriate 

4 Preparation of the company’s organizational 
structure for implementing the integrated 
reservoir management system 

inappropriate 

5 The importance of implementing a 
comprehensive reservoir management system appropriate 

6 Applying a comprehensive reservoir 
management model appropriate 

7 The role of reservoir management in reducing 
different risks appropriate 

8 Possessing an expert human resource for 
implementing the comprehensive reservoir 
management model 

inappropriate 

9 Knowledge of engineers and technical experts of 
the operational headquarters inappropriate 

10 Coordination in team approaches inappropriate 
11 The role of reservoir management in maximizing 

profitability appropriate 

12 Improving and promoting the exploitation and 
recycling process through applying reservoir 
management knowledge 

appropriate 

13 Relevance of reservoir management knowledge 
for the use in oil and gas fields inappropriate 

14 Relevance of reservoir management knowledge 
for competing with foreign companies inappropriate 

15 Application of reservoir management knowledge 
in negotiating with foreign contractors appropriate 

16 Application of reservoir management knowledge 
in negotiating with the investors appropriate 

It should be noted that in examining the status of the 
components, an appropriate condition is a condition in which 
the mean score of the variable is greater than three, and on 
the contrary, an inappropriate condition is the one in which 
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the mean score of the variable is less than or equal to three. 
Given the mean values, the significance level (Sig) and the 
confidence interval obtained, we can summarize the status of 
variables in the company as described in Tab. 4. 

According to the participants in the study, despite 
considering reservoir management in the macro strategies of 
the National Iranian Oil Co. and the application and 
importance of the integrated reservoir management model in 
the National Iranian Oil Company in reducing various 

operational, economic and environmental risks and 
increasing the power of attracting foreign investors in 
developing oil fields, the reservoir management knowledge 
is at an inappropriate level and the level of the familiarity of 
the macro level managers of the National Iranian Oil Co. with 
the basics of reservoir management is low. Moreover, the 
current structure of the company is also not good enough for 
dynamic reservoir management.  

Figure 5 The process of developing a dynamic model in reservoir management (author) 

3  DYNAMIC RESERVOIR MANAGEMENT MODEL 

As it has previously been mentioned, the existing 
structure of the National Iranian Oil Co. and the static 
approach of reservoir management models are not effective 
in the today’s complex and competitive environment, to 
which the reduction of conventional reserves has added 

another challenge. Therefore, we propose a dynamic 
structure and framework for the stressful market of the oil 
industry.  

The dynamic model of reservoir management must be 
innovative and forward-looking to seize opportunities and 
face challenges both inside and outside the country. Hence, 
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this model must have eight major modules in its dynamic 
structure.  

Investment management: given that the oil industry in 
Iran needs investing in the development of current fields and 
exploring new fields (initial estimate of $130 billion in the 
upstream sector), the dynamic model must be able to properly 
manage investments, especially foreign investments.  

Decision-making management: due to the proliferation 
of simulation programs and mathematical decision-making 
models, decision-making in the upstream oil industry has 
moved away from its traditional way. Therefore, the dynamic 
model must be able to solve the situation real time by 
changing the situation and the variables affecting the 
decision. It also must be able to update its decisions by 
forming closed loops and receiving feedback.  

Risk management is one of the riskiest industries for 
investment in the world. The uncertainty of the technical and 
economic data is a major challenge in this industry. Due to 
the dynamics of the project risks in the oil industry, 
eliminating or reducing these risks, i.e. risk management, 
with modern mathematical methods is one of the most 
important conditions for a dynamic model.  

4  CONCLUSION 

Due to certain problems in one of the subsidiaries of the 
National Iranian Oil Co. in the optimal and safe management 
of Iran’s oil and gas reservoirs, and based on the decision 
variables, a questionnaire was designed with the help of 
experts. In order to study the current situation of deposit 
management in the company, efficient technology has been 
distributed. This was achieved with a skilled workforce and 
an appropriate organizational structure. The analysis of the 
results shows that there is no reservoir management with a 
new form that is dynamic and able to operate in the 
conditions of uncertainty in the oil industry and with a high 
level of risk. Therefore, in this paper, an appropriate model 
is designed.  

As shown in Fig. 5, this model has five steps in which all 
reservoir management modules are involved in the decision-
making process. Each step has a control variable which is 
responsible for matching the decisions made or the scenario 
selected with predefined goals. As a result, at each stage, 
when it is felt that the decision has moved away from the 
goals, the loop returns and the process is repeated with the 
new conditions, and the so-called real time optimization 
takes place. 
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