
DEVELOPMENT OF EOR TOOLBOX BASED ON THE AVAILABLE 
EOR SCREENING CRITERIA AND FIELD CASE RESULTS.

Katerina Stratogianni
Department of Petroleum Engineering, Technische Universitaet Clausthal, CLZ, Germany

Department of Petroleum Engineering, Instituto Superior Tecnico, Lisbon, Portugal
k.stratogianni@gmail.com

ABSTRACT: Throughout this work data from published EOR projects, which had been applied worldwide, 
were collected and assessed in order to develop new software (EOR Smart Analysis). The software of Pyhton 
3.7, Tkinter and Notebad ++ were used for the development of the tool. Additionally, the routine of this software 
is based on the updated screening criteria by Al Adasani and Bai, published in 2010, and consists of sixteen (16) 
EOR methods and ten (10) reservoir and properties. Furthermore, the data from 44 oil fields, to which have 
already applied different EOR methods, were used. The EOR Smart Analysis tool screened these fields and the 
new results were compared with the already given one, concluding to the success of the development of this tool.
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1. Introduction 

The evolution of the activities of enhanced oil recovery (EOR) have commenced since long time ago, when 
operators recognized that noteworthy amounts of oil remained in the reservoirs with decreasing reserves, after 
primary and secondary recovery. 
Enhanced oil recovery (EOR) is an engineering process related in improving the recovery of hydrocarbons from 
different types (shallow or deep) of petroleum reservoirs. The mechanisms of the displacement of the 
hydrocarbons, after the application of the EOR methods under specific circumstances, are different, resulting in 
differences of the design of the equipment, the training of the required staff, operating procedures and overall 
field development economics [1].
Generally, EOR can be defined as “the oil recovery by injection of materials not normally present in the 
reservoir” according to L. Lake and it is a method, which is used to extend the life of production of reduced oil 
field. Therefore, EOR cannot be applied in all reservoirs. A screening process should be applied successfully in 
order to identify suitable candidates, taking into consideration the profitability of the applied EOR method [2].
In general terms, the mechanism of oil recovery is the displacement of the hydrocarbons into the production 
wells, because there is difference between the pressure of the reservoir and the production wells. Globally the 
recovery of oil reserves is classified into three fundamental categories [2].

1. Primary Recovery: This indicates the oil recovery by the natural energy, which is initially present in the 
reservoir, such as the expansion of rock and fluid, solution gas, gas cap, water influx and gravity and 
appears to have a typical recovery factor of 10-15%.

2. Secondary Recovery:  Usually it is applied after the decrease of the primary production and it implies 
the oil recovery by the injection of exterior fluids, like water or gas. Normally it is used for the pressure 
maintenance and it can give a recovery factor of 27-35%, which includes the primary recovery.

3. Tertiary Recovery: These EOR methods are referred to the oil recovery after secondary recovery. 
Typically in these methods are used special fluids, such as miscible gases, chemicals, and/or thermal 
energy, with the possibility of a recovery factor higher than 50%, including the primary and secondary 
recovery.

Hence, EOR brings up a “pile” of questions, decisions, designs and the responsibility for choosing the best and 
most appropriate technology for a specific situation and giving answers to the big amount of problems that 
happen during actual practice [2]. 
In spite of the fact that large amounts of oil stay behind in the mature reservoirs, EOR activities will not produce 
large quantities of oil, unless these activities can be compared, economically, with the cost of oil production 
from the prevailing sources.
Nowadays, there are many EOR methods and each one has variations, which make it useful enough based on the 
different and unique challenges of a reservoir and other relevant parameters. Any ineffective situations can be 
reduced by decreasing the risk selecting the most suitable EOR method by applying screening criteria, using the 
reservoir and fluid properties.
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Moreover, for each individual field case has to be taken into consideration the petrophysical, chemical, geologic, 
environmental and fluid properties, because they affect the criteria for choosing a specific EOR method. For this 
reason different tools have been developed, in order to make easier the selection of an EOR method.
All over two thirds of original oil in place (OOIP) has left behind at the end of the completion of primary and 
secondary oil recovery and for that reason the task of the EOR methods is to retrieve the remaining oil. 
Reasonably according to the special characteristics of a reservoir, screening has to be carried out in order to 
select the appropriate EOR method.
In 1997 Taber et. al published the development of EOR screening criteria (“EOR Screening Criteria Revisited – 
Part 1: Introduction to Screening Criteria and Enhanced Recovery Field Projects”), which were based on the 
mechanisms of the oil displacement and the different results of EOR field projects. In his conclusions from his 
research were noted that the allocation and the considerable importance of the methods is wide ranged, which is 
shown in graphs comparing the depth, oil gravity and oil production from a big amount of projects. In addition, 
the method, which keeps on with being most prominent, is the steam flooding; nevertheless, the methods of 
hydrocarbon injection and CO2 flooding are expanding. Besides, if only the oil gravity is under consideration, a 
large choice of successful methods, such as miscible recovery of the lightest oil by nitrogen (N2) injection and 
steam flooding and surface mining for heavy oil and tar sands, is shown by his results. However, often there is a 
wide range of selection in choices. As well, when the oil prices are low, there is less chemical flooding of the 
intermediate – gravity oils, which normally used to be waterflooded and polymer flooding appears to be 
promising, mostly if projects are begun at high oil saturations.
Same year Taber et. al in his second publication about EOR screening criteria (“EOR Screening Criteria 
Revisited – Part 2 : Applications and Impact of Oil Prices.”) mentioned that the CO2 screening criteria were 
used for the estimation of the world’s reservoirs oil capacity in order to deposit / dispose the CO2. As well, 
taking into consideration only the depth and the oil gravity, it seems that only up to 80% of the reservoirs of the 
world could be qualified for some type of CO2 injection in order to produce incremental oil. In addition, the oil 
prices affected the EOR production in the U.S. and it was evaluated by comparing the recent EOR production to 
the predicted one by the reports of NPC for various oil prices. Despite the fact that the amount of EOR projects 
have been decreased because of the lower oil prices since 1986, the verified incremental production has been 
very close to the predicted one in 1984 NCP report. As a result, the CO2 flooding has increased the production 
of incremental oil and has been kept increasing it [3], [4]. 
In 2011, Ahmad Al Adasani and Baojun Bai created an EOR database that was based on 652 reported EOR 
projects, which additionally enumerates the properties of the rock reservoir and fluids in addition to 
characteristics of a project providing a profile of EOR tendencies worldwide. They updated the already 
published EOR screening criteria by Taber et. al illustrating the relationship of the distribution of EOR projects 
to main reservoir properties. The extensively analysis of EOR projects, which were introduced in this paper, 
appear to have the possibility of supporting EOR selection, implementation, development and motivating 
continual improvement. Moreover, by updating the EOR criteria introduces innovative technologies, which 
could be capable to reclassify unrecoverable and contingent hydrocarbon reserves [5]. 
Concluding, based on these researches and studies a new tool was developed using the updated EOR screening 
criteria and the results were compared with the results of the already applied methods in oil fields.

2. Methodology

In the old days, the selection of the most technically applicable EOR method was achieved manually using SPE 
format. SPE has initiated technical EOR screening concepts using a specific format, which was based on field 
experience and project execution worldwide. In addition, this format was the beginning of all software regarding 
the EOR screening. The SPE format consists of five plots, the permeability plot, the viscosity 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.
Nowadays, very common and well-known software used for EOR screening is the EORgui, which is a Graphical 
User Interface and with it, a user can screen oil fields directly and quantify incremental production for 
potentially applicable EOR techniques (Petroleum Solutions, 2010). The routine in EORgui is based on the 
Revised Screening Criteria by Taber et. al in 1997.
EOR Smart Analysis (S.A.) is a tool, which was developed using Python, Tkinter and Notebad++. The routine of 
the tool is based on the EOR screening criteria, which were updated by A. Aladasani and B. Bai and published in 
2010 taking into consideration the already published screening criteria by Taber et al. in 1997. With 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. Sixteen (16) methods of EOR are available using ten (10) reservoir and oil properties, such as API 
gravity, viscosity, HC composition, porosity, permeability, and oil saturation, type of the reservoir formation, 
thickness, depth and temperature, and the oil recovery factor, resulting in the most suitable EOR method for each 



oil field. EOR Smart Analysis was designed and developed in order to make the selection of EOR methods easier 
and faster. A simple flow chart of the tool, EOR Smart Analysis, is described in the figure 1.

Figure 1 – Flow Chart of EOR Smart Analysis

Eventually, with the combination of all of this software the development of EOR Smart Analysis tool was 
completed, having the following applications:

1. Fast screening in order to choose the most suitable EOR method(s) for each reservoir depending on its 
reservoir and oil properties.

2. Running of the basic visual applications, taking into consideration some extra functions designed for 
this tool, and importing the results back into the application

3. The division of the EOR methods into successful or failed, showing the percentage of each one, using 
the designed function for this application.

4. Only technical screening is generated by this tool and not an economical one.
The functions designed for this tool are a function of normalization and a weighting function, which both of 
them affect the function of percentage, providing results, which are more reliable, in order to select the most 
suitable EOR method. Also is added the equation for the calculation of the So.

3. Test Cases

For this work, in total, forty-four (44) oil fields from around the world were chosen, to which different EOR 
methods have already applied. The purpose of this research was the comparison of the results from the already 
applied EOr methods to the fields with the new results from the screening method using EOR Smart Analysis.
In order to use the EOR Smart Analysis, it was necessary the required information and data regarding the 
reservoir and oil properties of each reservoir studied. The necessary data were taken carefully from already 
published papers. Moreover, the selection of the oil fields was done regarding the amount of the required data 
available through the published papers, in order to have a reliable outcome after the screening.
Additionally, the results before and after using the EOR Smart Analysis were compared, resulting in the 
percentage of matching with the already applied EOR methods.
However, the Wilmington oil field, one out of the fourty-four (44) oil fields, was chosen to be described briefly 
here.
The Wilmington field is located in the Los Angeles Basin in California of U.S.A and its discovery happened in 
1936 with a continuous production since then and in the table 1 are shown the oil and reservoir properties of the 
field. It is a layered formation, which consists of 19 separate sand bodies.



Table 1 – Reservoir and Oil Properties of the Wilmington Field
OIL PARAMETERS RESERVOIR PARAMETERS

GRAVITY (API) 14 FORMATION Sandstone
VISCOSITY (cp) 212 DEPTH (ft) 2300
HC COMPOSITION THICKNESS (ft) 98

POROSITY (%) 30
PERMEABILITY (mD) 100
TEMPERATURE (F) 120

 60% C4-C14
40% C1
20% CO2

OIL SATURATION (%) 75
RECOVERY FACTOR 0.18

The production initiated in the early 1960’s which was increased by waterflooding, which, in 1973, was 
expanded to a higher volume flood. However, the Tar zone was selected for the immiscible CO2 injection EOR 
method, but before that five EOR processes were resulted after an EOR screening, polymer flooding, alkaline 
flooding, micellar/polymer flooding, steam flooding and immiscible CO2 injection. The chemical methods were 
proved non-profitable, while the other two methods appeared to have more chances of being profitable. At the 
end, the process of immiscible gas injection was chosen instead of steam flooding, because during the steam 
flooding the oil recovery could be increased only by reducing the oil viscosity, but similarly the immiscible CO2 
could lead to the same effect by dissolving in oil. The only difference is that after the injection of the immiscible 
gas, water can be injected as a chasing fluid resulting in less gas fingering and it is more economical [6], [7], [8].
Nevertheless, the field was screened using the EOR Smart Analysis in order to compare the new results with the 
old one checking if there is a match and if the immiscible CO2 injection is the most suitable method to be applied 
for this field. The process of the screening is shown in the Fig. 2 and the results are shown in the Fig. 3.
It should be mentioned that the value of oil saturation is referred to the initial one in the reservoir, the value of 
the recovery factor is the one after primary recovery and a value of 60% as threshold has been used during the 
screening.

Fig. 2 – Screening Process by EOR Smart Analysis for the Wilmington Field



Fig. 3 – Results after screening – Wilmington Field

Regarding the results, it can been shown that the results from the already applied method to the field match with 
the results after screening by EOR Smart Analysis in a percentage of 72.47%. After that, it can be confirmed that 
the application of immiscible CO2 gas injection as an EOR method is the most appropriate for this field. Also the 
results showed a positive match for applying polymer flooding (71.4%) and steam flooding (70.5%), but the 
reasons of their rejection were mentioned above.

4. Results and Conclusion

For this work, in order to develop the EOR sceening toolbox (EOR Smart Analysis), 44 oil fields from places 
around the world were selected in total, regarding the availability of the required information needed. 
In addition, ten (10) out of the forty-four (44) oil fields correspond to fields, to which chemical methods had 
applied, ten (10) to the one miscible methods had applied, ten (10) to which immiscible methods had applied, ten 
(10) to which thermal/mechanical methods had applied and four (4) to which microbial method had applied. 
After screening all these fields using the EOR Smart Analysis new results were obtained, which after their 
comparison with the results from the already applied methods to the fields, led to the successful development of 
the tool.
Statistically, the results conducted to a success of ~68% of the tool. This means that the results, by using the 
EOR Smart Analysis, from the 18 out of the 44 oil fields had as first (1st) option the already applied method, the 
results from the 12 out of the 44 oil fields had as option, the already applied method, between the second (2nd) 
and the fifth (5th) option. The screening for rest of the fields (14 out of the 44) resulted in the option of the 
already applied method to them as a choice between the sixth (6th) and the sixteenth (16th) position. The results 
are presented in the following figures 4 and 5.

Fig. 4 – Statistical analysis for each group of methods 
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Fig. 5 – General statistical Analysis

However, maybe the percentage of success seems small and someone could have considered a success or 
actually, a match of 100%, but this could not happen. After searching and studying the cases for these fields, 
reasonable explanations were given for the reason of not applying the methods resulted by the EOR Smart 
Analysis. Some of the methods, which were conducted as a first option by the tool, had already applied, but 
without success, because of technical, economical, oil price of the time, when the methods were applied or 
feasibility reasons. Moreover, since the time that the operators had decided to apply any of the methods a lot of 
things have changed, regarding the progress of technology, the update of the screening criteria, new methods 
have been discovered, the change of oil prices, etc.
Concluding, this does not mean that this particular tool has failed in some way, but it means that new research 
has to be done and it has to be taken into consideration that the world moves on and many things have changed 
and they will keep changing.
The key for the success of the EOR screening tool is the continuous update and the examination in detail of the 
individual background of each field over the pure reservoir and fluid properties.

5. Outlook

Regarding the results and conclusion acquired in this research, some recommendations could be taken into 
consideration, concerning the improvement of this EOR screening tool (EOR Smart Analysis).
 Firstly, it is suggested the research of any new update or additional information done regarding the EOR 

screening criteria. This routine of this tool is based on the already updated EOR screening criteria by A. Al 
Adasani and B. Bai (2010).

 More new methods, which are already tested and have been applied to oil fields, could be added to the 
routine of the tool.

 Also for each group of methods could be created more sections making the screening more specific. For 
instance, the design of one separate section for the chemical methods, one for the miscible/immiscible 
methods, one for the thermal methods and one for other methods could be carried out.

 In addition, for the chemical methods the property regarding the salinity of the reservoir water recommended 
to be added, because affects the degradation of the polymers and surfactants.

 Regarding the miscible/immiscible methods, the parameter of pressure and the selection of the gases should 
be taken into consideration in order to avoid contamination and corrosion.

 The property of salinity also affects the application of microbial method, so it should be added to the routine 
too.

 Concerning the microbial method, the mineral content of the reservoir and water should be considered, 
because some of the microbes can react with them and create problems.

 With reference to the updated EOR screening criteria by Al Adasani and Bai (2010), the range of thickness 
should be more specific and s research should be done in order to obtain more information regarding its 
affection to the different methods.

 In addition, a more detailed research relating to the HC composition of each crude oil in every reservoir 
should be achieved.

 At last, after the technical screening, an economical screening should be performed in order to conclude to 
the most cost effective method, including the availability of the injected fluid, cost of facilities and 
equipment, remaining oil, recovery factor, etc.



References

[1] D. W. Green, G. P. Willhite, 1998, enhanced oil recovery, SPE TEXTBOOK SERIES VOL. 8
[2] L. W. Lake, 2010, Enhanced Oil Recovery, SPE
[3] J. J. Taber, F. D. Martin and R S. Seright, 1997, EOR Screening Criteria Revisited – Part 1: Introduction to 
Screening Criteria and Enhanced Recovery Field Projects, SPE – 35385 – PA 
[4] J. J. Taber, F. D. Martin and R S. Seright, 1997, EOR Screening Criteria Revisited – Part 2: Applications and 
Impact of Oil Prices, SPE – 39264 – PA 
[5] A. Al Adasani and B. Bai, 2011, Analysis of EOR projects and updated screening criteria, ELSEVIER: 
Journal of Petroleum Science and Engineering 79 (2011) 10-24
[6] A. Spivak, C. M. Chima, 1984, Mechanisms of Immiscible CO2 Injection in Heavy Oil Reservoirs, 
Wilmington Field, CA, SPE-AIME – 12667 – MS , (Wilmington Field)
[7] W. B. Saner, J. T. Patton, 1986, CO2 Recovery of Heavy Oil: Wilmington Field Test, SPE – 12082 – PA , 
(Wilmington Field)
[8] V. Sankur, J. L. Creek, S. S. DiJulio, A. S. Emanuel, 1986, A Laboratory Study of Wilmington Tar Zone 
CO2 Injection Project, SPE – 12751 – PA , (Wilmington Field)


