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1. Title

Egyptian oil field selection for 
applying EOR by steam flooding



2. Introduction

Reduction of oil viscosity by increasing reservoir 
temperature is the primary purpose of all thermal 
recovery processes. The thermal methods for heating the 
inter-well area in a reservoir have been investigated in the 
laboratory in detail. Some processes and their variations 
have been tested in field pilots; some have found 
commercial applications. One of these is steam injection.



3. Literature Review

Steam flooding is preferred over hot water flooding for many reasons; the higher 
heat content is the primary reason. Steam flooding results in incremental oil 
recovery due to a combination of viscosity reduction, steam distillation, reforming, 
and other minor changes. Steam injection projects suffer from low sweep due to 
the formation of fingers and gravity override. However, many innovative 
techniques are improving it. Steam floods are limited to shallow reservoirs due to 
thermal loss as well as its lower latent heat content at elevated pressures. Well 
stimulation by Huff-&-Puff is a widely used process due to its low front-end cost, 
ease of steam generation, low operating cost, and quick pay-out.



3.1 Basic Concepts

Steam injection is thermal method which supplies the heat needed to increase 
reservoir temperature and the energy to displace oil. Application of heat to the 
reservoir rock and fluids, can aid oil production through oil viscosity reduction, 

thermal expansion effects, increase in sweep efficiency, and possible steam 
distillation effect. Today steam injection is regarded as a well-established oil 

recovery method, which will become increasingly important in the years to come.



The two commonly used forms of steam injection are: steam flooding or steam 
derives, and cyclic steam stimulation.  Steam derive uses a pattern flood with 
injector and producers. In a single well operation, injecting steam and then 

producing oil from the same well, steam injection is called cyclic steam injection, 
steam soak, or "huff-and-puff".



3-2 Steam Flooding
This is a multi-well, pattern derive process. When steam is injected, a 

steam saturated zone forms around the injection well, and further beyond 
there is a zone containing condensed steam (see Figure 1)





3.3 Cyclic steam injection
is a single well process and involves the injection of steam for several weeks (2 to 6 

weeks) at the highest possible rates, often above fractures pressures in order to 
minimize heat losses. The well is then shut-in for several days (3 to 6 days) to allow 

the steam to condense. Following the soaking phase, the well is put under 
production.  A typical reservoir response to three cycle steaming is well illustrated 

in Fig.2.





3.4 Design Criteria

Typical design criteria for finding out whether an oil reservoir is a good candidate 
for steam injection were established.  Formation depth may be in the range to 

avoid parting pressure of adjacent formations and should be limited due to heat 
loss.  Higher limit possible using downhole generators. To minimize heat loss, 

formation thickness should be not less than 30 ft.  Formation permeability and 
porosity should be high.  The oil gravity should be low with high viscosity at 

reservoir temperature. Steam injection may applied also to light oils.  Oil 
saturation at the start of steam injection project should be high.



3.5 Factors affecting the process

The choice of a recovery technique to be used in a particular reservoir depends on 
reservoir characteristics, geology and the drive mechanism.



Risk factors in data collection (as an example)

Sources of data: 
Petro-physical data:  saturation – porosity – capillary pressure – permeability – if data not 

available use correlations - Fluid data: relative perm – viscosity – sp. gravity - -etc.

Analyses of data: 
Statistical analysis – Porosity and permeability distribution – average saturation – fluid 

contacts and transition zones. 

Adjustment/Correlation of Data:
Wire-line log depths - core-gamma log – Well Test and PVT Data: the laboratory 

formation volume factor at initial reservoir pressure, and the corresponding GOR, should 
be adjusted to compensate for separator conditions in the field - the PVT data always 

should be smoothed using the Y functions.



Reservoir Conditions:
The PVT analysis should represent fluid properties at reservoir temperature and 
initial reservoir pressure - Accurate determination of initial reservoir pressure is 

critical in many EOR processes - Accurate determination of reservoir temperature 
is important if laboratory PVT data are to be measured under reservoir 

conditions.
Accurate reservoir temperature is necessary for the phase behavior calculations.

Geological Aspects:
Types of Traps - Reservoir geology impacts all phases of reservoir management, 

including drilling and completion techniques, well testing, drainage areas, well and 
reservoir performance, reserve estimates, and improved recovery techniques.

Reservoir Heterogeneity:
Heterogeneities cause two general types of problems: they make it difficult to 

characterize and monitor reservoir performance of, and they tend to cause non-
uniform recovery of oil and gas.

Adequate characterization almost always requires ongoing monitoring of dynamic 
data (e.g., individual well bottom hole pressure, well performance, and fluid 

saturations).



3.6 Published applications and possible application to 
Egyptian oil fields



Available Data Ranges for Egyptian Reservoirs in Western Desert

API gravity:  36 - 43 Degree                                             
Oil viscosity:  0.43 – 3.7 Cp

Reservoir depth:  1200- 4220 m                    

Rock permeability:  5 – 307 mD

Oil saturation:  48 – 74 %                                            
Reservoir temperature: 163- 223°F 

Formation water salinity: 80 – 98  MPPM              

Net pay thickness: 11-26 ft

Permeability variation coefficient:  0.5 – 0.8            
Formation type: SS - LS



Available Data Ranges for Egyptian Reservoirs in Gulf of Suez

API gravity:  16 - 22 Degree                                              Oil viscosity:  13 – 30 cp

Reservoir depth:  2100-11250 ft                                     Rock permeability:  27 – 5000 mD

Oil saturation:  61 – 69 %                                                 Reservoir temperature: 124- 164°F 

Formation water salinity: 100 – 220  MPPM                 Net pay thickness: 46-151 ft

Permeability variation coefficient:  0.5 – 0.85              Formation type: SS - LS

Minimum miscibility pressure: 1548-2053 psi              Initial pressure:  1220-1849 psi



3.7 What is new related to the study

-Using down hole steam generators

- Steam processes have been tested in field pilots; and have found 
commercial applications.



3.8 Lessons learned over the years related to the recovery improvement through 
your proposed study

-Related to heat losses
-Steam oil ratio

-injection pressure



4. Statement of the problem and objective 
a                                                                                                

The main objective of this study is to select one of the Egyptian oil fields for 
applying EOR by steam flooding.  The methodology include: Data collection and 
risk assessment, Screening criteria            Operational design and advantages and 

limitations



5. Methodology:

a. Data collection                                                                        

Field Geology:  Rock Type – Lithology –Heterogeneity - ….etc
Reservoir Properties: Area – Depth – groth thickness and net pay – porosity –

permeability 
– formation water saturation – residual oil saturation – primary drive mechanism 
– current drive – original oil in place – original average pressure – current average 

pressure- temperature ….. etc
Fluid properties: oil and water viscosities – formation volume factors – saturation 

pressure – formation water composition and salinity – GOR ….. etc



b. Screening criteria                                                                                                    

Formation depth may be above 200-400 ft (200 ft in Charco Redondo, Texas) to avoid 
parting pressure of adjacent formations and should be limited to 5000 ft ( Brea, 

California) due to heat loss.
Higher limit possible using downhole generators.

To minimize heat loss, formation thickness should be not less than 30 ft (Slocum, Texas).

Formation permeability should be high (between 250 and 1000 md) and porosity should 
be higher than 18 to 20 %( Shiells, California).

The oil gravity should be in the 12-25 API range with viscosity about 2000 cp at reservoir 
temperature.

The upper limit can be decreased to 4000 cp or less by cyclic steam injection.

Steam injection is applied also to light oils (Brea, California, with 24ºAPI and 6 cp and El 
Dorado, Kansas, with 37º API and 4 cp).

o
Oil saturation at the start of steam injection project should be higher than 40 to 50%.

The injection should be as rapid as possible.



c. Operational design and 
Management                                                                                                

Shallow and dip oil reservoirs, thick pay zones with very good permeability, cheap and 
high quality water source are some favoring factors to steam injection, while strong non-

uniformity, highly water-sensitive clay content, and low inter-well communication are 
adverse factors.



d. Advantages and limitations                                                                                     

Steam flooding has emerged as the major thermal recovery process because of its 
relative low front-end cost, ease of steam generation on site, low operating cost, and 

proven success.

However, it may suffers from the following limitations:
Lack of availability of large quantities of high quality fresh water.

Completion of producers with equipment to accommodate high temperature 
fluctuations creates many problems.

Reservoirs should be shallower than 5,000 ft.
Reservoir rocks should not contain fresh water-sensitive clays.

Emulsification and sand production may be encountered.



5. Concluding remarks  

Many Egyptian oil fields are feasible to the thermal oil recovery processes. Shallow and 
dip oil reservoirs, thick pay zones with very good permeability, cheap and high quality 

water source are some favoring factors to steam injection, while strong non-uniformity, 
highly water-sensitive clay content, and low inter-well communication are adverse 

factors.



6. Management and work plan



7. List of References

8. Appendices (if any)


