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Abstract
Availability of Crude oil in India is tend to be light and sweet. The general
production value per barrel per day is 880, with specific gravity varying from
32 API to 38 API.This text covers all forms of enhanced oil recovery
techniques with both fundamental principles and specialized applications.
Students in all areas of fluid flow in permeable media and professional
researchers can benefit from the unified approach to EOR based on common
first principles, conservation of mass, momentum, and energy. Mathematical
techniques based on phase behavior and the method of characteristics (MOC)
are fundamental to the text.
Keywords: Enhanced oil recovery, MOC, API, SAGD.
INTRODUCTION
Enhanced oil recovery (EOR) methods are outlined in a systematic and balanced
manner, and the current impact of these methods is assessed in light of field
experience. The main EOR methods are described briefly, their current status is
described, and the reasons for the lack of success are examined. The paper does not
rely on voluminous statistics, nor does it give another set of screening criteria. Rather
it develops the process discussion in terms of mobility ratio and capillary number.
Successful EOR methods such as SAGD are modifications of standard methods to
unusual reservoir conditions. Certain EOR methods, such as chemical floods, have
inherent limitations, explaining the lack of success in the field in contrast to
laboratory.
Primary oil recovery can vary from zero to over 50% of the original oil in place
(OOIP), depending on the type of hydrocarbon and the reservoir drive. Primary
recovery from oil sands is zero, whereas that for a water drive in a light oil reservoir
can reach 50%, or even more in the case of an efficient gravity drive. Secondary
recovery is usually taken to mean waterflooding, and can again vary from zero (oil
sands) to a few per cent (heavy oils) to 20 - 50% of the initial oil in place (IOIP) for a
light oil. Enhanced oil recovery usually implies recovery beyond the secondary stage.
In the case of very viscous oils and oil sands, with little or no primary and/or
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secondary productivity, EOR may refer to the recovery techniques employed from the
start. We are thus concerned with a whole range of unconventional-usually costly oil
recovery methods, only a few of which have been shown to be commercially
successful, under favorable conditions.
Improved oil recovery (IOR) sometimes signifies measures taken during-not after-the
primary and secondary stages to increase oil recovery. This is often the case in
offshore oil reservoirs where the economics would not permit operation beyond the
secondary stage. As the conventional oil reserves in U.S.A. and Canada decline, EOR
is gaining increasing importance. The extensive survey published every two years by
the Oil & Gas Journal (Moritis (l)) shows that the EOR production in Canada and
U.S.A. is about 25% and 10%, respectively, of the total oil production, and is
increasing. Enhanced oil recovery (EOR) generally refers to oil recovery over and
above that obtained through the natural energy of the reservoir. Within the many
enhanced recovery techniques, there is a class of processes, known as tertiary,
designed to recover oil, commonly described as residual oil, left in the reservoir after
both primary and secondary (waterflooding) recovery methods have been exploited to
their respective economic limits. In addition to economic reasons for the existence of
residual oil, there are also some technical ones. In the first place, an ordinary
waterflood, operated at practical rates with ordinary water or brine, is physically
incapable of displacing all the oil from reservoir rock. Secondly, oil is present in large
areas of waterflooded reservoirs at saturations over and above those typical of the
swept regions. These saturations are determined by macroscopic processes, such as
non-uniform flow and sweep in the reservoir. It is generally difficult to distinguish
between the two categories of residual oil. This chapter provides a brief review of the
fundamentals of enhanced recovery with emphasis on microscopic and macroscopic
aspects of displacement.
CHEMICAL METHOD
Polymer flooding: Polymer flooding is one of the most widely used EOR methods to
retrieve oil left behind after conventional recovery processes. It’s an augmented water
flooding technique introduced in the 1960’s, mainly used for heterogeneous
reservoirs, to retrieve oil after areas in the reservoir with high permeability have been
highly water flooded. As explained by CNPC: “Polymer flooding is a tertiary recovery
method by adding high-molecular-weight polyacrylamide into injected water, so as to
increase the viscosity of fluid, improve volumetric sweep efficiency, and thereby
further increase the oil recovery factor.
When oil is displaced by water, the oil/water mobility ratio is so high that the injected
water fingers through the reservoirs. By injecting polymer solution into reservoirs, the
oil/water mobility ratio can be much reduced, and the displacement front advances
evenly to sweep a larger volume. The viscoelasticity of polymer solution can help
displace oil remaining in micro pores that cannot be otherwise displaced by water
flooding.”
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PHYSICAL METHOD
Thermal recovery: Thermal methods raise the temperature of regions of the reservoir
to heat the crude oil in the formation and reduce its viscosity and/or vaporize part of
the oil and thereby decrease the mobility ratio. Thermal methods include the injection
of hot water, steam or other gas, or by conducting combustion in situ of oil or gas.
The increase in heat reduces the surface tension and increases the permeability of the
oil and improves the reservoir seepage conditions. The heated oil may also vaporize
and then condense forming improved oil. This approach however, requires substantial
investment in special equipment. Both thermal recovery methods also severely
damage the underground well structure, as well as pose safety risks in the larger
production process. For these reasons, the methods are not generally used very often.
BIOLOGICAL METHOD
Microbial injection: These days there is also a new biological theory which involves
injecting bacteria into the oil reservoir to improve the recovery efficiency.
Experimental results using a particular species in a reservoir have shown that through
the metabolism of large population, large amounts of organic acids can be produced.
These organic acids may act to restore vitality to an aging well, increase its
productivity and thereby act to induce a substantial increase in oil recovery. Three
approaches have been used to achieve microbial injection. In the first approach,
bacterial cultures mixed with a food source (a carbohydrate such as molasses is
commonly used) are injected into the oil field.
In the second approach, used since 1985, nutrients are injected into the ground to
nurture existing microbial bodies. These nutrients cause the bacteria to increase
production of the natural surfactants they normally use to metabolize crude oil
underground. After the injected nutrients are consumed, the microbes go into nearshutdown mode, their exteriors become hydrophilic, and they migrate to the oil-water
interface area where they cause oil droplets to form from the larger oil mass. This then
makes the oil droplets more likely to migrate to the wellhead.
CONCLUSION
The descriptive methods for enhanced oil recovery are reviewed.
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