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Webster defines - - 'to enhance' is to increase, to make or become

larger, to advance, to elevate.
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The important question is:

how much of this oil is recoverable and what techniques could
be applied?
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Approach No. 1

• Increase contact between the Injection fluid and the remaining oil 
in the reservoir pore space.

• Lowering the Mobility ratio is the key!

• M =  Mobility of Injection Fluid/    Mobility of Oil
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• Viscosity of oil can be lowered by Hot Water Injection, Steam 
Injection, In-Situ combustion and Solvents injection.

• Viscosity of water can be increased by Addition of viscosity 
builders such as Polymers
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• Kw can be decreased by addition of permeability modifying 
polymers to the injection water.

• KC02 can be decreased by alternate injection of CO2 and water –
WAG- Flooding.

• Ko can be increased by the addition of chemicals (such as Caustic 
Soda) to the injection water.
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Approach No. 2

• Minimize or Eliminate Capillary Force.

• Lowering Interfacial Tension is the key!
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Oil-Water interfacial tension can be lowered by the addition of 
Surfactants to the injection water (Surfactant Flooding).

Wettability can be altered by the addition of chemicals such as 
Caustic Soda (Caustic Flooding).
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Oil-Water interfacial tension can be totally eliminated 
by:

• Injection of solvents such as LPG and Alcohols that are 
miscible with oil- First Contact -Miscible Flooding.

• Injection of gases such as Natural gas, CO2, N2 that can 
become miscible with oil due to mass exchange –Multiple 
Contact -Miscible Flooding.
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Current Thermal Recovery Methods

• 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.

• To day steam injection is regarded as a well-established oil
recovery method, which will become increasingly important
in the years to come.
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The two commonly used forms of steam 
injection are:

steam flooding or steam derives

cyclic steam injection

Steam injection



Steam flooding or Steam derives

• Steam injection rate is an important factor, since a high rate can cause 
early steam breakthrough, while a low rate leads to heat loss.

• The temperature increase may cause an increase in the relative 
permeability to oil. 

• Gravity override of steam becomes important in thick, permeable sands. 
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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".

cyclic steam injection



A long soaking period results in a loss of production, while a 
short period prevents adequate steam condensation.

Cyclic steam stimulation process is widely used in Canada and

Venezuela because of its applicability in very viscous oil

formations, and quick payout.  
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• The total oil recovery by steam stimulation averages 
about 10 to 15% of the oil-in-place.  

• In Cold Lake, Alberta, it is over 25% or higher.  

• In Venezuela, recovery from this process as high as 40% 
have been noted. 
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In Situ Combustion

A burning front and combustion zone is propagated to the 
producing well by air injection into a well.
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• In situ combustion process is applicable for a wide range of 
oil gravities (8 to 36ºAPI), but commercial success has been 
possible only in oils that are sufficiently mobile at reservoir 
conditions. 

• Oil viscosity should be less than 5000 cp. 

12/25/2017 PPEC GROUP 17



12/25/2017 Dr. Helmy Sayyouh 18

Current Chemical Recovery Methods
Polymer, Alkaline and Micellar

Surfactant or Micellar Flooding

• Significant reduction of capillary forces at the injected fluid 
/ crude oil interface has given birth to many EOR processes.

• These aim at lowering the residual oil saturation and 
thereby improving displacement efficiency.
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THE SURFACTANTS

A typical surfactant monomer is composed of a 

nonpolar portion, and a polar portion.



POLYMER FLOODING

• Polymer is a chemical that is composed of a number of individual 
molecules that  are attached in some manner.

• These units are usually associated in a pattern that repeats itself 
throughout the length of each polymer repeating units and are called 
MONOMERS.
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Example:  Polyacrylamide (PAM)

CH2 – CH – CH2 – CH – CH2 - CH –
l                  l                   l

C = O         C = O         C = O

l                  l                   l

NH2             NH2            NH2



• A polymer flooding is suited for reservoirs where normal water floods 
fail due to one of the two reasons: High Heterogeneity and High oil -
water mobility ratio.

• Polymer floods mainly target oil in areas of the reservoir that have 
not been contacted efficiently. 
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• Polymers are used in many other EOR processes such as micellar 
floods to provide mobility control. 

• In addition, polymers are also employed for treating conformance 
problems.
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The advantages of polymer flooding are two-fold:

1.a reduction in the quantity of water required to reduce the oil 
saturation to its residual value in the swept portion of the reservoir.

2.an increase in the areal and vertical coverage in the reservoir due to a 
reduced water flood mobility ratio.

12/25/2017 PPEC GROUP 23



Caustic and Emulsion Flooding

The alkaline solution increase the capillary number value by reacting 
with the organic acids present in some crude oil to form emulsifying 
soaps, which reduces the interfacial tension by two or three orders of 
magnitude.
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The alkaline agent changes the injection water pH and the rock wettability is 
reversed from oil-wet to water-wet. 



• The process starts with a water preflush injection followed by the 
injection of caustic solution slug of about 10 to 30%PV and by continuous 
injection of derive water. 

• The injection of a polymer slug behind the caustic solution for mobility 
control is desirable if it is cost effective.
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Miscible Drive Processes

• Agents

• Propane, LPG mixtures, and low molecular-weight alcohols: 

• subjected to many limiting factors such as high costs, unfavorable 
mobility, and low volumetric sweep.

• Surfactant slugs: technically efficient.

• Carbon dioxide: miscible with reservoir fluids.
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• Acid effect on carbonate and shaley rocks: 

• CO2 in solution with water forms carbonic acid which 
increases the permeability of the carbonate rock.

• Miscibility effects: 

• CO2 may develop miscibility through multiple contacts.
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CO2 FLOOD Performance Predictions

•CO2 flood design and performance predictions 
differ from reservoir to reservoir and for different 
operation strategies.
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•Reservoir pressurization: 

• is an initial phase of the CO2 miscible flood.

•CO2 requirements: 

• are determined in many ways depending on the reservoir 
geometry and displacement direction and on the miscibility 
conditions and injection strategy.
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• CO2 injection pressure: 

• Care must be taken to ensure that the injection pressures 
are always below formation parting pressure. 

• The surface CO2 injection pressure is calculated to assure 
the required miscibility pressure in the reservoir.
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Bio-Chemical Recovery Methods

During the last fifteen years scientific and
engineering efforts in the laboratories of King Saud
University (Saudi Arabia) and Cairo University (Egypt)
has established the basic start for Microbial
Enhanced Oil Research technology in the Arab World.
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There are different forms of microbial oil 
recovery:

Cyclic well  stimulation treatments.
Microbial enhanced water flooding.
Permeability modifications.
Wellbore cleanup.



Development of a Recovery Method

• Development of a recovery method for a specific reservoir 
is a lengthy process and involves:

• Laboratory research and Field screening

• (1-2 years)

• Field pilot (2-3 years)

• Field results analysis (1-2 years)

• Semi-commercial project (3-5 years)

• Commercial development
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Status of the EOR projects in 2014

Source: 2014 Worldwide EOR Survey – Oil and Gas Journal



Rock and Fluid Properties 

Typical Reservoirs from the Gulf of Suez

Group 
Reser
voir 

API 
Viscosi

ty 
Depth 

Perme
ability, 

K 

Oil 
sat. 

Res. 
Temp 

Salinity 
Permeabilit
y Variation, 

V  

Net 
Thicknes

s, h 

Formation 
Type 

MMP 
Initial 

Res. P. 

Curre
nt 

Res. 
P. 

DIP 

      cp ft md % °F ppm fraction ft   psia psia psia   

Group 
1 

X1 16 30 3937 5635 69 164 200000 0.63 151 Sandstone 2053 1849 1550 yes 

X2 19 24.8 3241 193 61 150 220000 0.65 134.5 Sandstone 1885 1529 1220 yes 

X3 21.4 17 2920 27 67 148 100000 0.5 134.5 Sandstone 1860 1314 700 yes 

X4 19.5 16 2800 60 69 131 160000 0.84 98.4 Carbonate 1645 1300 870 yes 

X5 21.9 12.2 2582 84 65 124 160000 0.8 46 Carbonate 1548 1264 650 yes 

X6 21 13 2582 189 64 128 160000 0.85 46 Carbonate 1604 1220 550 yes 

 



Rock and Fluid Properties 

Typical Reservoirs from Western Desert

Group 
Reser
voir 

API 
Viscosi

ty 
Depth 

Perme
ability, 

K 

Oil 
sat. 

Res. 
Temp 

Salinity 
Permeabilit
y Variation, 

V  

Net 
Thicknes

s, h 

Formation 
Type 

MMP 
Initial 

Res. P. 

Curre
nt 

Res. 
P. 

DIP 

Group 
2 

X7 37.3 0.48 5597 237 52 163 
No 

Aquifer 
0.5 18 Sandstone 2042 2325 1750 yes 

X8 37 0.43 5938 35 48 172 98000 0.6 21.3 Carbonate 2150 2444 2112 yes 

X9 36 1.4 6050 307 62 180 80000 0.8 24.8 Sandstone 2234 2700 1400 No 

X10 37 3.7 5490 107 74 178 80000 0.74 18 Sandstone 2220 2600 1430 No 

X11 40.5 1.6 6530 88 64 190 80000 0.78 17 Sandstone 2364 2650 1500 No 

X12 42.7 0.8 6880 5 67 187 80000 0.8 14 Sandstone 2330 2800 1600 No 

X13 41 0.5 7700 18 53 198 80000 0.69 20 Sandstone 3115 2720 1550 No 

X14 39.6 1.6 8850 88 64 223 80000 0.75 11 Sandstone 3770 2840 1520 No 

X15 40 1.6 6750 7 64 186 80000 0.73 26 Sandstone 2320 2630 1500 No 

 



Research Project 

1. Published literature is carefully reviewed to find analogous 
reservoirs and their field performance. A new analysis 
method based on statistical evaluation has been used to 
produce the rules used in the expert system formulation.

2. Initial feasibility study is then conducted by utilizing 
various published correlations between the influencing 
variables and the process efficiency. 
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3. A laboratory study is undertaken to estimate 
incremental oil recovery as a function of injected volume 
and other process variables. Both PVT and core floods are 
conducted under simulated reservoir conditions.
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4. A reservoir simulation model, capable of mimicking 
reservoir dynamics as well as the chemical/physical 
interaction between injection fluid and oil, is a must for 
planning the full field project.

5. A well-designed multi-well pilot is the forerunner to 
the full field project. The pilot provides much-needed 
information for the final design and provides results that 
are very useful in fine tuning of a reservoir simulation 
model.
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Methodology and Design

Phase I

• Literature review of the successful EOR recovery projects 
world wide coupled with experimental results from 
previous and current research activities at different 
research institutions and organizations. A new analysis 
method based on statistical evaluation has been used to 
produce the rules used in the expert system formulation.
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Phase II

• Filed 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 ….. et
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Phase III

• Establish the physical properties of the system as related 
to injected agents and oil recovery. The relative 
permeability and displacement recovery tests on 
representative cores.

Phase IV

• The data obtained in the course of the work (Field and 
Laboratory) will be analyzed. Some simulation runs will 
be carried out. The necessary recommendations for pilot 
field application will be drawn.
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