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Abstract: The production of oil through reservoirs generally run through series of production stages. It 
can be classified as primary, secondary and tertiary (enhanced oil) recovery techniques.  In the EOR 
stage, several processes and technologies are used to increase or uphold recovery from existing fields. 

These processes often involve the injection of fluid(s) and most recently microbes into a reservoir. 
Therefore, maintaining and increasing oil production from existing fields require proper selection, 
design, and implementation of EOR methods. One of the most used method for quick screening of the 
different EOR techniques is considering the successful previous experiences from the methods that 
have been applied in other fields. In this paper, an EOR screening tool has been designed using visual 
basic studio based on the recently reported EOR projects over the world. The developed tool, which is 
named " EOR Azzaytuna Analysis", is applied for one of the partially depleted reservoir that is located 
in Al-Zenad Farrud oil reservoir in Libya. The obtained results from "EOR Azzaytuna Analysis" have 
been compared to the obtained ones from the most common EOR screening tool known as EORgui. 
Both results were in-agreement and concluded that immiscible and CO2 injection method, are the 
most viable options for the selected field understudy. 
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Introduction  

The production of oil and gas from 

hydrocarbon fields are generally divided into 

three stages. In the initial stage, the 

production occurs naturally, whereas, the next 

stage when the reservoir pressure is not 

enough for supporting the production from the 

formations, other techniques such as water 

flooding and gas injection are applied. 

Generally, water flooding is the main driving 

mechanism for maintaining reservoir pressure 

because of availability and low cost of injection 

fluid. However, oil recovery using this flooding 

process is not high enough [1]. In the tertiary 

recovery stage, commonly known as enhanced 

oil recovery (EOR), it is possible to recover 

almost 30-63% of the field’s original oil in place 

(OOIP) which is high compared to primary and 

secondary recovery methods where recovery 

factor is equal to 20-40% [2]. Despite that the 

main goal of EOR is to mobilize the remaining 

oil after primary recovery, no single process 

can be considered an optimal oil recovery from 

every reservoir. In addition, every well has to 

be treated differently according to the nature of 

that well. Therefore, screening must be carried 

on to determine which EOR method is the best 

and most efficient to be used on the selected 

well. Data of the well such as petro-physical, 

chemical, geological, environmental and fluid 

properties (density and viscosity which are 

dependent on temperature) must be taken into 

consideration and this will be the criteria of the 

screening process. Selecting the suitable EOR 

method by screening the reservoir and fluid 

properties can ultimately reduce the risk by 

eliminating inefficiencies.  

Problem of Statement 

Al-Zenad Farrud oil reservoir is located in the 

western Sirte Basin of Libya. Solution gas drive 
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was considered to be the predominant 

mechanism for the primary depletion. Recent 

data indicate the partially depletion of the 

reservoir which suggests the use of any 

suitable EOR methods.  

Study objectives 

In continuation of our study regarding the 

development of a new tool for screening 

criteria.  The tool, which is known as "EOR 

Azzaytuna Analysis", was designed using 

visual basic studio and the database is based 

on the successful previously reported EOR 

projects. The tool will be used for Al-Zenad 

Farrud as a screening criteria of EOR 

techniques according to the data provided. The 

applicability of using this tool will be tested 

and the obtained results will be compared with 

the results obtained from the commercially 

well known tool named EORgui. The output 

data for both tools will be highlighted.  

Methods 

The methodology used in this paper include 

1- The EOR Azzaytuna Analysis tool has been 

programmed according to the reported method 

in Azzaytuna University circles [3]. 

2- The data required for the Al-Zenad Farrud 

oil reservoir have been collected.  

3- Input data has been proceeded as requested 

from the EOR Azzaytuna Analysis tool. 

4- Screening criteria for Al-Zenad Farrud oil 

reservoir has been processed using the 

developed tool. 

5- The same data of Al-Zenad Farrud oil 

reservoir have been acquired using the 

"EORgui" for comparison purposes. 

6- The results of both tools have to carefully be 

further analyzed. 

Data of Studied Reservoir 

The data of Al-Zenad Farrud oil Reservoir is 

gathered and tabulated as shown in Table 1. 

Table 1: Input data for the screening 

Value Reservoir and fluid properties 

38.57 API gravity 

0.61 Oil viscosity (cP) 

283 ˚F Temperature 

72.93 Permeability (md) 

Carbonate Formation 

0.724 Oil saturation (%) 

C1-C7% Oil composition 

>20 Reservoir thickness (ft) 

6170 Reservoir depth (ft) 

Development of EOR Azzaytuna Analysis 

tool 

Previously, the selection of the most applicable 

technique for EOR method was achieved 

manually using SPE format. This format is 

based on field experience and project execution 

worldwide. Therefore, this format was the 

beginning of all tools regarding the EOR 

screening. The format consists of five plots 

which are the viscosity plot, the permeability 

plot, the depth plot, the plot of reservoir 

pressure vs. oil viscosity and the plot of 

reservoir depth vs. viscosity, and the oil gravity 

range for EOR methods. Recently, several 

techniques have been designed for EOR 

screening [4,5]. In common of these tools, a 

user can screen oil fields directly and quantify 

incremental production for potentially 

applicable EOR techniques. 

EOR Azzaytuna Analysis is a tool, which was 

developed using C++. The routine of the tool 

taking into consideration the already published 

screening criteria by Taber et al. in 1997 [6,7]. 

It is based on the EOR screening criteria, 

which were updated by A. Aladasani and B. 

Bai [8]. In this tool, the user can quickly screen 

an oil field in order to determine which EOR 

method(s) is/are more suitable to be applied. 

Eight methods of EOR are available using nine 

reservoir and oil properties, such as API 
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gravity, viscosity, hydrocarbon composition, 

thickness, permeability, and oil saturation, 

type of the reservoir formation, thickness, 

depth and temperature, resulting in the most 

suitable EOR method for each oil field [9]. EOR 

Azzaytuna Analysis is designed and developed 

in order to make the selection of EOR methods 

easier and faster. A simple flow chart of the 

tool is described in Fig 1. 

 

 

 

Fig. 1: Flow chart of EOR Azzaytuna Analysis 

 

The database has been designed according to 

the successful previous experiences from the 

methods that have been applied in other fields . 

Gravity, as an example of the entry code for the 

eight EOR methods are shown in Fig. 2. The 

overall matching percentage for the selected 

EOR method is then calculated according to 

the following equation :- 

𝑃(𝑥) =
𝑥 + 𝑦 + 𝑧

# 𝑜𝑓 𝐸𝑂𝑅 𝑚𝑒𝑡ℎ𝑜𝑑𝑠
∗ 100%   

Where P(x) = overall matching percentage for 

the selected EOR method 

    x = the amount of matching properties 

    y = the amount of mismatching properties 

   z = the amount of neglected properties  (not 

critical entry) 

 

Fig. 2: Coding of the Gravity 

The database entry into the tool are shown in 

Fig. 3.  

 

Fig. 3: Database of EOR Azzaytuuna Analysis  

 

Application of EOR Azzaytuna Analysis  

It should be noticed that the database in the 

EOR Azzaytuna Analysis contains input as 

screening criteria by (Al-adasani and Bai, 

2010). After entering the acquired information 

data, the tool was performed and the results 

were extracted as shown in Fig. 4. 

 

 Fig. 4: Quick and database screening using 

EOR Azzaytuna  Analysis 

 

It can be seen that the ratio of matching each 

EOR methods were represented as a 
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percentage of entered data of Al-Zenad Farrud 

oil Reservoir to the database of the reported 

ones. It is clear that the highest percentage 

was for Immiscible and Carbon Dioxide 

methods with (100%). The Nitrogen and 

Hydrocarbon and Polymer methods are (89%). 

The Combustion and Polymer-ASP methods 

with (67%), whereas the Steam method shows 

the least ratio percentage of (44%). 

For clarity purposes, the  tool is performed in a 

color coded mode. A dark green color in the 

codes represents the match conditions. 

However, the white color, means value is 

neglected (not critical). The red color means it 

does not meet the conditions of the table. The 

results for the two methods (Immiscible and 

Carbon Dioxide) show four codes in dark 

green. Since there are no red codes for the two 

methods, they considered the best applicable 

EOR methods. The second choice is the 

methods Polymer and Hydrocarbon, Nitrogen 

where each method has one red code. In 

methods of Combustion and Polymer-ASP, the 

software shows three red codes. Lastly, a 

Steam method is not recommended due to 

more codes in red. 

EORgui screening Tool: 

EORgui tool [10] has been used to select the 

optimum EOR method for Al-Zenad Farrud oil 

reservoir. Fig. 5 graphically represents the 

recommended methods. The screening shows 

immiscible gas to be the most suitable EOR 

method for " Al-Zenad Farrud oil reservoir" 

with a high percentage matching of 83%. The 

ability to applying Carbon dioxide Miscibility 

flooding for this field is about 78%. The 

SP/ASP and Combustion methods are ranked 

next with a matching of 73% and 67%, 

respectively. Nitrogen and hydrocarbon 

flooding are not strongly recommended for this 

case as they are ranked last. 

 

Fig. 5: Quick screening using EORgui  

Fig. 6 shows the database and the obtained 

screening results of Al-Zenad Farrud oil 

reservoir using EORgui. 

 

Fig. 6: Database screening using EORgui 

Comparative analysis for the case study 

-The obtained results, as the best applicable  

EOR methods, from both tools (EORgui and 

EOR Azzaytuna analysis) are shown in Table 2. 

Table 2: The best applicable EOR methods 

Suitable EOR methods Screening tool 

-Immiscible method (83%). 

EORgui -Carbon dioxide_CO2 

Miscibility flooding (78%). 

-Immiscible method (100%). 
EOR Azzaytuna 

Analysis 
-Carbon dioxide_CO2 

Miscibility flooding (100%). 

 

It is clear that the suitable EOR methods based 

on the screening results for Al-Zenad Farrud 

oil reservoirs are: the immiscible and the CO2 

injection. However, the use of enhanced oil 

recovery techniques will not be initiated unless 

they have an economic return. This result 

considering the application of CO2 in enhanced 
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oil recovery and because it is a preferred 

technology for reducing carbon dioxide 

emissions into the atmosphere. 

Conclusions 

The use of EOR Azzaytuna Analysis as a newly 

developed tool for EOR screening makes it 

faster than just using a time consuming 

manual screening method. The results through 

"Al-Zenad Farrud oil reservoir" showed that the 

developed tool has the capability to do 

selection of suitable EOR based on the data 

provided. The recommended EOR methods are 

both immiscible and carbon dioxide flooding. 

The obtained results was in agreement with 

the results obtained using EORgui as a 

screening tool. 

Recommendations  

The following recommendations could be taken 

into account 

1. The results of applying any EOR methods do 

not start to appear quickly, as years may pass 

before judging the success or failure of the 

technology used. Therefore, the risk factor is 

high, whether technically, environmentally or 

economically. This means that frequent update 

of these developments is an important step of 

this tool. 

2. Another analysis methods, such as the 

calculation of recovery factor, economical 

analysis calculations, the most cost effective 

method, cost of facilities and equipment and 

the availability of the injected fluid have to be 

implemented as a package in this tool. 
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