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Introduction

• A surfactant reduces the oil-water interfacial tension 
and increases the oil displacement efficiency. 

• Surfactant flooding has been employed mostly in light 
oil reservoirs, but could also be considered in the case 
of moderately viscous oils. 
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Two approaches have been used for surfactant 
injection:

(1) A large (20-600/0PV) volume containing low 
concentration (0.1 % by weight) of surfactant. 

(2) A small (5-20% PV) volume containing high 
concentration (1.0 to 3.0 weight percent) of 
surfactant.
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THE SURFACTANTS

A typical surfactant monomer is composed of a 

nonpolar portion, and a polar portion.



•The main disadvantage of this 
method, as also of other chemical 
methods, is the adsorption of the 
surfactant on the rock matrix, which 
causes the surfactant slug to lose its 
effectiveness at a short distance from 
the injection well.
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Principle and characteristics

• The micellar (chemical) solution composition 
is as follows:

• Surfactant 10 – 15 %

• Oil 25 – 70 

• Water 20 – 60

• Co surfactant 1 - 4 (usually alcohol)

• Electrolyte 0.01 – 4 (inorganic salts)
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•The micellar solution operates 
miscibility with reservoir fluids
including oil and water without phase 
separation. 

•The micellar solutions are different 
from emulsions due to the microscopic 
size of the discontinuous phase.
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•The micellar solutions are also referred to in the 
literature as surfactant slugs, microemulsions, 
soluble oils, and low-tension solutions. 

•At sufficiently high concentrations, surfactant 
molecules form aggregates called micelles.

•They are translucent, homogeneous, and 
thermodynamically stable.
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If the surfactant concentration is increased,

the Lypophilic moieties tails of the surfactant

begin to associate among themselves to form

aggregates or micelles containing several 

Monomers.



Description of Process

• Micellar or microemulsion 
flooding is a fluid injection 
process wherein a 
microemulsion or micellar 
solution is injected into the 
formation and is in turn 
displaced by a mobility buffer 
(polymer) solution. 

• The mobility buffer is in turn 
displaced by injected water. 

• Mobility control is important to 
the success of the process.
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•The MP flooding process is applied in 
general after water flooding. 

•When the reservoir water salinity is 
too high, direct contact with the 
micellar solution is avoided by first 
injecting low-salinity brine.
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Design of Process

•The design of a micellar or microemulsion for a 
specific reservoir is basically a trial and error 
procedure.

•Microemulsion can be either oil external or water 
external and must be checked for compatibility 
with the reservoir crude oil and water
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•Mobility control must be designed by flooding in 
reservoir cores.

Total mobility  

= Krw/μw   + Kro/μo
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Total mobility = Krw/μw   + Kro/μo

• The total mobility can be 
determined from relative 
permeability curves.

• The minimum mobility is 
chosen as the design 
mobility for the fluid 
system upstream of the 
micellar or microemulsion 
slug.

12/26/2017 Dr.Helmy Sayyouh 14



•The actual mobility of the stabilized oil bank may 
be greater than or equal to this minimum 
mobility. 

•Therefore, the stabilized oil bank can never have 
mobility less than this minimum.
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Pseudoternary Diagram

• The three major components of micellar solutions which 
are oil, surfactant, and water can be represented on a 
ternary diagram.

• In the two-phase region one phase is oil external and the 
other is water external.

• In the one-phase region, all components are miscible and 
no interfaces are present.
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Integrity of the injected surfactant or micellar slug is of 
paramount importance in these processes. Hence,

• Integrity on the leading edge is maintained by injection of a pre-flush slug so 
that adsorption loss is minimized and contact with divalent ions is minimized.

• Integrity on the trailing edge is maintained by injection of a matched viscosity 
polymer slug. This minimizes dilution of the micellar slug by the fingers of the 
chase water.
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•The surfactant slug moving through the 
reservoir changes its composition by including 
oil and water in a miscible displacement. 

•The salinity of the brine influences the phase 
behavior of the micellar solutions which in turn 
directly correlates with the interfacial tension.
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•Salinity of the formation water is of critical 
importance in the design of a surfactant/micellar 
slug.

•While concentration of Na (+) ions is important, 
the concentration of divalent (++) ions has a 
drastic effect on the 
integrity/stability/effectiveness of the slug.
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High Brine Salinity

Winsor typrII(+)
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Low Brine Salinity

Winsor typrII(-)
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Screening of Surfactants for use in Field 
Operations

• 1. Simple tests

• Select surfactants that meet suitability criteria for reservoir 
minerals, temperature, and water salinity (hardness).

• Mix surfactants in test tubes at reservoir temperature with 
reservoir brine and crude oil to screen those that offer high 
oil solubilization.

• Define phase equilibrium for the expected salinity range.

• Check adsorption characteristics using simple tests.
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2. Laboratory flow tests should be conducted to 
duplicate the surfactant or surfactant-micellar 
flood under the reservoir P&T conditions. 

These tests in preserved or wettability-restored 
cores would provide information on - - maximum 
oil recovery, adsorption loss, surfactant retention 
and recovery, emulsion and scaling problems.
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3. Reservoir simulation study should be made with 
an appropriate simulator (capable of simulating 
phase behavior and surfactant adsorption-
desorption phenomena) to estimate incremental 
oil recovery and investigate its sensitivity to 
surfactant concentration, slug size, and salinity 
levels.

Results of the phase equilibrium experiments 
and core flood tests should be used to calibrate 
the simulation model.
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The M-1 Project, Illinois, USA

• The M-1 Project was a commercial-scale project of the 
Maraflood recovery process developed by Marathon Oil 
Company.

• Reservoir Characteristics
• Robinson sandstone.
• Net avg. thickness      27.8 ft
• Avg. Depth                  950ft.
• Avg. porosity               18.9%
• Permeability                 103 md
• Oil viscosity                  7 cp
• Salinity                        16,575 ppm
• Dissolved gas derives mechanism.
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•The secondary recovery consisted of gas 
repressuring and was followed by water flooding.

•The combined primary and secondary recovery 
averaged 30%.
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Project Design

• The scope was to demonstrate economic recover of 
tertiary oil in a mature water flood project. 

• In the field, 60% of 407 acres of the M-1 Project area was 
developed using 2.5 acre five spot patterns.

• The remaining area was developed with 5 acre pattern 
spacing.
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•The micellar-polymer fluid injection was in the 
following sequence:

1.The 10% PV micellar slug (10% sulfonate, 
80%water, 7.5% oil, and 2.5%salt).

2.105%  PV polyacrylamide mobility buffer.

3.35%PV of produced water.
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Performance Evaluation of the Project

•The M-1 Project demonstrated the technical 
viability to design, implement on a large scale, 
conduct, and evaluate the most complex of the 
EOR methods.
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THE LOUDON PROJECT 

UNITED STATES



Screening Criteria

• Sandstone reservoir

• Temperature 200ºF or less

• Permeability greater than 20 md

• Residual oil saturation higher than 20-25% at the start 
of the project.

• Formation water salinity less than 200,000 ppm
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• Based on an extensive volume of data from currently 
proposed, completed and ongoing MP/EOR field tests, the 
following are considered to be effective in the process:

1. Residual oil saturation and distribution: 

determine the amount of MP/EOR target oil and the high 
permeability zones.
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2.  Reservoir confinement: 

define boundaries and pay continuity.

3.  Natural fractures:

Unfavorable factor for an Mp/ROR candidate   reservoir.

4.  Temperature and depth: 

temperature is a limiting factor.

5.  Permeability and heterogeneity: 

it is important factor.
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6.  PVT analysis of crude oil:

properties of crude oil at reservoir conditions, especially 
the viscosity, is related to the design of the MP 
chemical system.

7.  Makeup and residual water composition:

this is an important parameter to define.

8.  Relative permeability's: 

depends on the fluid distribution which is controlled by 
wettability. This will affect mobility requirements.
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9.  Pattern type and size:
play an important role.

10. Clay mineralogy and composition:
influence the surfactant adsorption.

11. Rock composition:
affect the surfactant's electrolyte environment.

12. Volumetric water flood data.
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Economics of Process

•Micellar/Polymer flooding economics will depend 
on to a large extent on:

• the chemical requirements.

• cost of chemicals.

•oil saturation in the reservoir at the time the flood 
is initiated.
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• A method has been reported for determining "optimum" 
economic slug size. 

• "Optimum" slug size is defined as that slug size that will 
maximize the profits. Maximum profit occurs when:

δRo/δVs = Cs / (So. Po)
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Where:
Ro = Oil recovery
Vs = Slug volume
Cs = Cost of injected slug
So = Oil saturation before start of 
the flood
Po = Price of oil



• The profit is maximum when 
the slope of the oil recovery 
versus slug size curve is equal 
to the right hand side of the 
equation above.

• The point of tangency of a 
straight line having a slope of 
Cs/SoPo represents the most 
profitable slug size.
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Advantages

1. The process is relatively inexpensive. 

2. Applicable to a wide variety of crude oil. 

3. Field applications are straight forward.
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Disadvantages

1. Adsorption loss to the reservoir rock (particularly high 
in Limestone and dolomite) with high salinity results in 
surfactant retention and slug breakdown.

Total Slug Size = 1.3 x S1ug Size without adsorption loss

A potential way to reduce adsorption is to pre-flush the 
reservoir rock with a solution of a sacrificial inorganic salt 
such as sodium silicate.
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2. Less than expected performance because of slug 
breakdown due to dispersive mixing.

3. Scales and emulsions in producing wells due to
incompatibility of the fluids.

4. High front-end chemical costs and long pay-out 
time

Surfactant Consumption = 10 to 25 Ibs/STB of 
Incremental oil
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Lessons learned over the years:

1.Significant reduction of capillary retentive forces 
at the injection crude oil interface has given birth 
to many EOR processes. These aim at lowering the 
residual oil saturation and thereby improving 
displacement efficiency.

2. Surfactant flooding utilizes a dilute surfactant 
solution in place of water.
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3. Micellar flooding utilizes a slug of micellar 
solution (a solution of oil, water, surfactant, and 
co-surfactant) that is chased by a slug of dilute 
polymer solution alone or in combination with 
water.

4. Caustic flooding, utilizing a slug of dilute caustic 
solution chased by injection water, is useful only 
in reservoirs with crude oil of high acid number. 
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5. A ternary diagram is a simplified and easy way to 
examine the phase behavior of an injection fluid with 
the crude oil.

6. While these methods are simple and straightforward, 
their use has not been very successful due to slug 
breakdown.

7. Slug breakdown is due to: loss of chemical from rock 
adsorption and dispersive mixing with the reservoir 
fluids.
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