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اإلهداء
إلى:
الوالدين الكريمين حفظهما للا
وإلى كل أفراد أسرتي إلى كل األصدقاء ,ومن كانوا برفقتي ومصاحبتي أثناء دراستي في الجامعة البد لنا ونحن نخطو
خطواتنا األخيرة في الحياة الجامعية من وقفة نعود إلى أعوام قضيناها في رحاب الجامعة مع أساتذتنا الكرام الذين
قدموا لنا الكثير باذلين بذلك جهودا كبيرة في بناء جيل الغد لتبعث األمة من جديد.

وقبل أن نمضي نقدم أسمى آيات الشكر واالمتنان والتقدير والمحبة إلى الذين حملوا أقدس رسالة في الحياة إلى الذين
مهدوا لنا طريق العلم والمعرفة وإلى جميع أساتذتنا األفاضل.

{كن عالما ..فإن لم تستطع فكن متعلما؛ فإن لم تستطع فأحب العلماء؛ فإن لم تستطع فال تبغضهم}

وأخص بالتقدير والشكر:
استاذنا الفاضل :محمد صمبه
على إتمام هذا البحث وقدم لنا العون ومد لنا يد المساعدة وزودنا بالمعلومات الالزمة إلتمام هذا البحث فكان لنا نورا
يضئ الظلمة التي تقف احيانا في طريقنا هو من زرع التفاؤل في قلوبنا وقدم لنا المساعدات والتسهيالت واالفكار له
منا كل الشكر واالمتنان ونعم الشكر لجميع االساتذة في الجامعة نشكركم بكل ما تحمله كلمة الشكر من معنى ونهدي
لكم كل عمرنا يا أجمل ما مضى به ونشكركم تنطقها قلوبنا على ألسنتنا نشكركم كلمة تعني لنا الكثير وتحمل من
الشعور الكثير تخوننا كل العبارات الشكر في تقديم ما يليق بكم لن ننسى الفضل ولن ننساكم أبدا.
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Abstract
There are many known Enhanced Oil Recovery EOR methods and every
method has its criteria to use it. One of those methods is the microbial EOR. It
has been the contributor to global enhanced oil recovery. MEOR has shown its
potential as a tertiary oil recovery method. the microorganisms require only
cheaper substrates to perform MEOR, so from an economical point of view.
The main objective in this research to isolate the bacteria from the crude oil in
X field in sirt company and study it is effect on both EOR and surface facility
to protect it from corrosion. The MEOR test has been done at different
concentration and

different temperatures (anaerobic and used temperature

30°C, 40°C, 55°C,70°C). The bacteria have shown not effective method to use
it as EOR method while it has given a good result to use it as agent to protect
the surface facility from the corrosion.
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Chapter One: Introduction.
1.1 Introduction:
EOR has a lot of methods and every method has its own considerations to use
it. One of those methods is the microbial EOR.
Microbial enhanced oil recovery is a collection of techniques that utilizes
microorganisms and their metabolic products to improve the recovery of crude
oil from reservoir rock [1].
Microbes can be classified in terms of their oxygen intake into three main
classifications [2].
(1) Aerobes: where the growth depends on a plentiful supply of oxygen to make
cellular energy.
(2) Strictly anaerobes: by contrast, which are sensitive to even low
concentration of oxygen and are found in deep oil reservoirs. These
anaerobes do not contain the appropriate complement of enzymes that are
necessary for growth in an aerobic environment.
(3) Facultative microbes: which can grow either in the presence or reduced
concentration of oxygen.
In this research, we have will use the bacteria that are considered to be It is not
of high cost and it is isolated from oil. It helps to improve the properties of oil
trapped in reservoirs and pushes it to exit the top of the well. Bacteria produce
vital products which are produced when the chemical reaction of bacteria
when they feed on oil that contains carbon is a source of food for you.
Microorganisms bear the isolated bacteria, which are high degrees and coexist
in conditions similar to those of the reservoir, and are considered relatively
safe on equipment.
1

1.2 Objective
1. Write a literature review about the microbial EOR.
2. Study the effect of the bacterial to enhance the oil recovery.
3. Study the effect of the microbial on the surface facility.
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Chapter Two: Literature Review
2. Introduction
The principle source of fluid fuels is the hydrocarbon resources. For the
present techniques of oil recovery, a large amount of oil remains in the
reservoir after secondary flooding, where the oil reservoirs must be
abandoned as the production is no longer economically feasible. Methods of
enhanced oil recovery [2] have been developed, but they are often considered
economically unattractive, in several cases, MEOR has shown its potential as
a tertiary oil recovery method. the microorganisms require only cheaper
substrates to perform MEOR, so from an economical point of view, the
process itself is affordable compared to other EOR processes.[3]
2.1 Oil Recovery
The reservoir crude oil is found in underground rock formation called
reservoirs the oil resides together with water and sometimes gas in very small
holes (pore spaces) and fractures the size shape and degree of interconnection
of the pores vary considerably from place to place in an individual reservoir
thus the anatomy of a reservoir is complex both micro- and macroscopically a
complete detailed quantitative description of a reservoir is never tailed data
which can be obtained from wells represents only an infinitesimal fraction of
the reservoir volume ever under the best of circumstances[4].
2.2Classifies Different Types of Recovery:
✓ Primary recovery.
✓ Secondary recovery.
✓ Tertiary recovery.
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There are three stages of oil recovery process employing mechanical, physical
and chemical methods[5].
2.2.1Primary Recovery:
The natural energy of the reservoir is used to transport hydrocarbons towards
and out of the production wells. There are several different energy sources, and
each gives rise to a drive mechanism. Early in the history of a reservoir the drive
mechanism will not be known. It is determined by analysis of production data
(reservoir pressure and fluid production ratios).
The earliest possible determination of the drive mechanism is a primary goal in
the early life of the reservoir, as its knowledge can greatly improve the
management and recovery of reserves from the reservoir in its middle and later
life. There are five important drive mechanisms (or combinations)[5].
Types of Derive Mechanism
a) Water drive from the aquifer.
b) Solution gas drive that results from gas evolving from oil as reservoir
pressure decreases.
c) Gas cap drive.
d) Rock and fluid expansion
e) Gravity drainage.
f) Combination of the above [5].
a) Water Drive Mechanism:
Some reservoirs have communication with a water zone (aquifer) underneath.
When reservoir pressure drops due to production, the compressed water in an
aquifer expands into a reservoir and it helps pressure maintenance. This
mechanism is called “water drive”. Water drive mechanism will be effective if
4

an aquifer contacting reservoir is very large because water compressibility is
very low. For example, an anticline structure with extensive water zone
(aquifer) will have the most advantage from the use of a water drive mechanism.
Water drive mechanism is a very good drive and reservoirs can produce oil over
50% recover factors in many cases [5].

Figure 2-1Bottom water drive[6].

Figure 2-2.Edge water drive[6].

b) Solution Gas Drive
When reservoir pressure reaches a bubble point, oil becomes saturated and free
gas will present in a reservoir. The expansion of gas is a main energy to produce
reservoir fluid for the solution gas drive. At the beginning, the produced gas oil
ratio will be slightly decline because free gas in a reservoir cannot move until it
goes over the critical gas saturation. Then gas will begin to flow into a well. In
some cases, where vertical permeability is high, gas may migrate up and
5

become a secondary gas cap, which helps oil production. Typical recovery
factor from the solution gas drive reservoir is about 5 – 30% of the primary
period [5].

Figure 2-3. Solution gas crive mechanism[6].

c) Gas Cap Drive Mechanism
In hydrocarbon reservoirs with gas cap, the gas cap expansion applies a force
to the oil column after production and reduction of reservoir pressure. This
pressure is the main production mechanism which is called drive by gas cap.
During production from this kind of reservoirs, reservoir pressure and oil
production reduce with constant rate but the ratio of gas to oil (GOR) increases.
This mechanism with recovery factor about 25% to 50%of the primary period,
in sand reservoirs has a weaker role than water drive mechanism [5].

6

Figure 2-4. Gas cap drive.

d) Reservoir Compaction
The oil within the reservoir pore space is compressed by the weight of overlying
sediments and the pressure of the fluids they contain. If fluid is withdrawn from
the reservoir, then it is possible that the pressure depletion in the pore space
attributable to the production of fluid can be compensated for by the overlying
sediments compacting lower sediments such as those of the reservoir production
zone. The impact of this is to create a reduction in porosity and thus a potential
compression effect [5].
e) Gravity Drainage Drive
The density differences between oil and gas and water result in their natural
segregation in the reservoir. This process can be used as a drive mechanism, but
is relatively weak, and in practice is only used in combination with other drive
mechanisms. Shows production by gravity drainage. However, it is extremely
efficient over long periods and can give rise to extremely high recoveries.
Consequently, it is often used in addition to the other drive mechanisms [5].

7

Figure 2-5.Gravity draninag drive mechanism[6].

f) Combination Drive Mechanism
Most of the fields work with more than one mechanism. The most common
combination of drives is solved gas drive (with or without gas free cap) with a
weak water drive. When the free gas cap is combined with active water drive,
combination drive has more efficiency [5].
2.2.2 Secondary Recovery
The second stage of hydrocarbon production during which an external fluid
such as water or gas is injected into the reservoir through injection wells located
in rock that has fluid communication with production wells. The purpose of
secondary recovery is to maintain reservoir pressure and to displace
hydrocarbon toward the wellbore. Two techniques are commonly used [5]:
1. Water Injection.
2. Gas Injection.
a) Water injection
In small oil fields which are shown in pressure preserving by water injection in
water layers at edge of reservoir is efficient, but in great field, injection should
be done all over the water layer in this status water zones can be formed in
8

reservoir and advancing of these zones in oil reservoir, help pressure increase
and oil drive toward production wells.
Water injection has several advantages such as frequency in the ground surface,
low price, easy to inject and having the characteristics of a reservoir natural
fluid [5].

Figure 2-6. Water injection to reservoir in small fields[6].

Figure 2-7. Water injection in large fields[6].
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b) Gas Injection
Gas injection is formed in gas cap center. In this kind of injection, the pressure
of injective gas is relatively low and surface tension is fixed between phases. In
large field, gas injection should be done in all over the reservoir, as what was
said about water injection, it can create gas zones which result in pressure
increase and oil drive toward the production well. It should be considered that
gas injection is very effective, when the reservoir natural drive mechanism is
gravity drainage mechanism. The injection of natural gas has been decreased in
all over the world, because of using it as heat and fuel.

Figure 2-8.Gas injection in gas cap[20].

2.2.3Tertiary Recovery or Enhanced Oil Recovery:
The refers to any reservoir process used to change the existing rock/oil/brine
interactions (fluid/fluid interaction; fluid/rock interaction) in the reservoir in
order to increase the oil recovery, and this interaction might reduce the
interfacial tension, oil swelling, reduce oil viscosity; also wettability
modification. The following flow sheet shows the types of various EOR
methods that are currently employed in the oil industry [8].
EOR can be classified into different methods such as:
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(1) Thermal Methods: they are primarily intended for heavy oils mainly to
supply heat to the reservoir. These methods include cyclic steam or hot
water injection, steam flooding and in situ combustion technique.
(2) Chemical Flooding: involves injection of certain chemicals that might
change either the characteristics of the reservoir fluids or improve the
recovery mechanisms. These include polymer, surfactants and alkaline
(caustic) flooding.
(3) Miscible Flooding: which includes injection of a miscible gas such as: CO 2,
N2 and flue gas.
(4) Others: more advanced technologies are being implemented in the oil
industry to recover the trapped oil. These include seismic/sonic
stimulations, Microbial and electromagnetic methods. However, economics
are the major deterrent in the commercialization of these technologies [5].
However, in this thesis will use the microbial EOR and check the effect
whether the microbial in X field has positive or negative affect if the
microbes have been activated [8].
2.3 Sources of Bacteria:
There are many sources from which bacterial species that are MEOR candidates
can be isolated.
Bacteria sources are divided to:
(1) Indigenous, which is the reservoir itself.
(2) Exogenous, from external source.
Lazar [9] suggested four main sources that are suitable for bacterial isolation.
These are:
(1) Formation waters.
(2) Sediments from formation water purification plants (gathering stations).
11

(3) Sludge from biogas operations and effluents from sugar refineries.
(4) Oil contaminated soil could be used as a good source of microbes isolation
for MEOR.
2.4The Nutrients
Nutrients are the largest expense in the MEOR processes the microbes require
mainly three components for growth and metabolic productions [10]:
1- Carbon.
2- Nitrogen.
3- Phosphorous.
2.5The General Idea of MEOR:
As we know there are three basic forces which affect the oil recovery from the
reservoir:
1 Viscous force
2 Capillary force.
3 Gravity force.
In biodegradation we play mainly on the viscous force by destroy heavy
component in crude then increase the lighter fractions which lead to increase
API of crude and tend to reduce viscosity, thus increasing the oil’s mobility and
flow characteristics.
2.6The Bio-Products
Microorganisms produce a variety of metabolites that are potentially useful for
oil recovery. There are six main bio products or metabolites produced by
microbes [11].
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2.6.1 Biomass
Bacteria are known to grow very fast as some are reported to multiply every20
minutes under aerobic conditions. This forms a biomass of microbe cells in the
porous medium. They are used for selective plugging and permeability
modification[11].
2.6.2 Bio-surfactants
They are amphipathic molecules with both hydrophilic and hydrophobic parts
which are produced by variety of microorganisms. They have the ability to
reduce the surface and interfacial tension. Table (1) shows the details of some
of the reported bio-surfactants along with their producing organisms. In the past
few years, bio-surfactants have gained attention because of their
biodegradability, low toxicity, and its cost effectiveness. Since bio-surfactants
can be produced from carbohydrates by fermentation process, it is possible to
produce huge amount more cheaply than the synthetic surfactants, for which
they are also developed for use in the oil industry [11].

Table 1-2 Reported bio-surfactants[12].
Bio surfactant type

Producing organism

Lipopeptidessurfactin

Bacillus subtilis

Lychenysin glycolipids

Bacillus Licheniformis

Rhamnolipids

Pseudomonas aeruginosa

Trehalose lipids

Pseudomonas sp., r.erythropplis

Sophorolipids

Arthobacter sp., mycobacterium sp

Phospholipids

Acinetobacter sp., t.thioosidans

Polymeric bio surfactantemulsan

Acinetobacter sp.
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2.6.3 Biopolymers
These are polysaccharides which are secreted by many strains of bacteria
mainly to protect them against temporary desiccation and predation as well as
to assist in adhesion to surfaces.
The proposed processes of biopolymers are mainly selective plugging of high
permeability zones and thus permeability modification of the reservoir to
redirect the water flood to oil rich channels. Another important process of
biopolymers is their potential as mobility control agents by increasing the
viscosity of the displacing water hence improving the mobility ratio and sweep
efficiency. There are different types of biopolymers. One of the biopolymers
that is currently in commercial product and have been subjected to extensive
studies is the Xanthan gum. It is produced by fermentation of carbohydrates and
it is well known as a thermally stable hetero-polysaccharide. In addition, its
physical properties of viscosity, shear resistance, temperature and salt tolerance
made it almost an ideal polymer for use in EOR[11].
2.6.4 Bio-Solvents
Sometimes solvents can also be produced as one of the metabolites of the
microbes. These include ethanol, acetone and butane. They may also help in
reduction of oil viscosity and can also contribute as a co-surfactant in reducing
the interfacial tension between oil and water[11].
2.6.5 Bio-Acids
Some bacteria when given certain nutrients can produce acids such as lactic
acid, acetic acid and butyric acid. These acids can be useful in carbonate
reservoirs or sandstone formations cemented by carbonates, since it can cause
dissolution of the carbonate rock and hence improve its porosity and
permeability. Production of organic acids by bacteria is a normal phase of
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anaerobic fermentation of sugars. Clostridium sp., for example, can produce
0.0034 moles of acid per kilogram of molasses[11].
2.6.6 Biogases
Bacteria can ferment carbohydrates to produce gases such as carbon dioxide,
hydrogen and methane gas. These gases can be used for enhancing oil recovery
by exploiting the mechanisms of reservoir re-pressurization and oil swelling and
viscosity reduction. These gases can contribute to the pressure build-up in
pressure depleted reservoirs. Some of the reported gas-producing genera are
Clostridium,

Desulfovibri,

Pseudomonas

and

certain

methanogens.

Methanogens produce about 60%methane and 40% carbon dioxide where the
methane will partition between oil and gas phase while carbon dioxide will
partition to the water phase as well and hence improve the mobility of oil. The
following table (2) shows a summary of bio-products and their producing
microbes [11].

Table 2-2 Microbial by Products and Their Producing Microbes[13].
Product
Biosurfactants

Microorganisms
AcinetobacterCalcoaceticus,

ArthrobacterParraffineus

Bacillus

Sp.,

Clostridium Sp.,Pseudomonas Sp.
Biopolymers

BacillusPolymyxa,BrevibacteriumViscogenes,LeuconsostocMesenteroides,
XanthhomonasCampestris, Enterobacter Sp.

Bio-Solvents

Clostridium

Acetobutylicum,

Clostridium

Pasteurianum,

ZymomonasMobilis
Bio-Acids

Clostridium Sp., EnterobactorAerogenes

Biogases

Clostridium Sp., EnterobactorAerogenes,MethanobacteriumSp
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Table 3 Microbial Products, Their Role in Enhanced Oil Recovery[14].
Product

Effect

Biomass

a- Physically displace oil by growing between oil and
rock/water surface
b- Reversing wet ability by microbial growth
c- Can plug high permeability zones
d- Selective partial degradation of whole crude oil
e- Act as selective and nonselective plugging agents in
wetting, alteration of oil viscosity, oil power point,
desulfurization.

Biosurfactants

a- Reduce interfacial tension between oil and
rock/water surface which causes emulsification;
improving pore scale displacement.
b- Alter wet ability

Biopolymers

a- Improve the viscosity of water in water flooding and
direct reservoir fluids to previously upswept areas of
the reservoir.
b- Improve the sweep efficiency of waterflood by
plugging high permeability zones or water-invaded
zones.
c- Control of water mobility.

Bio-Acids

a- Improve effective permeability by dissolving
carbonate precipitates from pores throat. Significant
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improvement of permeability and porosity
b- CO2 produced from chemical reactions between
acids and carbonate reduce oil viscosity and causes
oil droplet to swell.
Biogases

a- Reduce oil viscosity, swelling and improve flow
characteristics.
b- Sweep oil in place.
c- Reservoir Repressurization.

2.7 Formation of Biofilm
Biofilm consists of a number of immobile cells the water constitutes a large part
of the biofilm. The biofilm acts as a micro-environment, where the biofilm
matrix water exchanges solutes such as nutrients and waste products with the
surroundings. There may be limitation of transport to and from the biofilm [15].
Bacteria such as Pseudomonas form biofilm with only one layer of cell, where
other species form multilayered biofilms the multilayered biofilms can form
large mushroom shapes valuing from the surface, in order to increase the surface
area for solute transport to and from the biofilm [16].
2.8 MEOR Advantages and Disadvantages.
From the available literature, a general MEOR merits and drawbacks can be
obtained:
Advantages:
1- Injected microbes and nutrients are cheap; easy to handle in the field and
independent of oil prices. It’s anticipated that MEOR cost can be as low as 3
$/bbl.
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2- Economically: MEOR is attractive for mature oil fields before abandonment.
Moreover, existing facilities require slight modifications.
3- Low energy input requirement for microbes to produce MEOR agents.
4- Microbial activity increases with microbial growth. This is opposite to the
case of other EOR additives in time and distance.
5- Cellular products are biodegradable and therefore can be considered
environmentally friendly[17].
Disadvantages:
1- The oxygen deployed in aerobic MEOR can act as corrosive agent on non
-resistant topside equipment and down -hole piping.
2- Anaerobic MEOR requires large amounts of sugar limiting its
applicability in offshore platforms due to logistical problems.
3- Exogenous microbes require facilities for their cultivation.
4- Indigenous microbes need a standardized framework for evaluating
microbial activity, e.g. specialized coring and sampling techniques.
5- Permeability, salinity and temperature restrictions.
6- Potential health hazards: Where possible mutations could occur
resulting in

a pathogenic bacteria [17].

2.9 MEOR Mechanisms
These mechanism solves production problems such as: Formation damage, low
oil relative permeability, trapped oil due to capillary forces, poor sweep
efficiency, channeling, unfavorable mobility ratio, low sweep efficiency,
souring, water or gas cooling[18].
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2.9.1 The Types of Mechanisms:
(1) Permeability modification: The formation of biomass can plug preferential
flow paths and increase a reservoir’s sweep efficiency by diverting flow to
alternate paths.
(2) Reduction of Interfacial tension.
(3) Wettability alteration: Microorganisms can colonize reservoir rock and form
biofilm that has wetting properties significantly different than the existing
reservoir rock, thus, a reservoir’s wettability can change to a more water
wet or more oil-wet condition depending on the nature of the biofilm.
(4) Gas production: re-pressurize the reservoir and reduce oil viscosity.
(5) Oil degradation: microorganisms can utilize crude oil as a carbon source and
effectively reduce oil viscosity.
(6) Mobility modification: by increase water viscosity thereby increasing sweep
efficiency.
(7) Well stimulation: wellbore clean up, acidizing. etc.
(8) Control of unwanted bacteria such as sulfate reducers by competition on
Nutrients [18].
2.10 Fluid Diversion
In MEOR, either bacteria are injected together with nutrients or indigenous
bacteria are activated by injection of nutrients only. The nutrient-rich water
flows through the channels promoting good conditions for bacterial growth. In
the channels, biofilm is formed, when bacteria attach to the pore walls.
Attachment of more bacteria, multiplication of the biofilm bacteria, and
production of sticky polysaccharides increase the volume of biofilm , the
porosity and thus the permeability decreases in these channels due to biofilm
formation, reducing the ease of flow, the reduced permeability ideally causes
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the flow to be diverted to the previously bypassed oil-rich regions, the areal
sweep efficiency has increased and, hence, the oil recovery is improved[19].
In order to apply fluid diversion successfully, several criteria should be fulfilled
it depends on [7] :
1. Controlled penetration of microorganisms throughout the reservoir.
2. Controlled transport of nutrients for microbial growth and metabolism.
3. Reduction of the apparent permeability of the reservoir rock as a result of
microbial growth and metabolism.

Chapter Three: Methodology
3.1 Prepare the Bacteria
The MEOR process applies microorganisms that are already present in the
reservoir or microorganisms that are adapted to the harsh environment. Injection
of microorganisms is performed in order ensure growth and production of
specific metabolites.
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3.2 Prepare a Blood the middle as the following Steps:
1. Weigh 20 grams of Blood Powder.
2. Bring 500 ml of distilled water.
3. Put the powder in a beaker and add 500 ml of distilled water and shake the
beaker well until homogenized.
4. Put the beaker in autoclave on the temperature 121◦c.
3.2.1 Practical Steps
1. A liquid medium was prepared LB Broth 3 ml of the medium were placed in
5 ml pipes and the number of these tubes was five.

Figure 3- 1.Liquid medium(LB Broth).

2. Add 1 ml of crude oil was added to the pipes as shown in the figure
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Figure 3- 2 Add crude oil.

3. Place the samples in incubation at a temperature 36.5c for nine days until the
bacteria grow as shown in the figure 11.

Figure 3- 3Bacterial growth.

4.Prepared medium blood agar and distributed over 5 dishes where it took nine
minutes to solidify.

Figure 3- 4Stiffness of the medium.
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5.The bacteria in the dishes are planned.

Figure 3- 5Bacteria planning.

6. Note the growth of bacteria after three days.

Figure 3- 6Bacteria growth.

7. Dye the bacteria to see if they are negative or positive to what kind belong.
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Figure 3- 7Bacteria under the microscope.

8. The presence of three types of bacteria (1baciles, 2seduminous).
9.Three types of bacteria tested at 50c temperature the bacterial growth was
observed after two days.
10. Prepare50 ml Blood agar and add 10 ml of oil.
11.Bacterial growth was observed in the medium in which the oil was added,
indicating surfactant.

Figure 3- 8Surfactanat test.
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12.Procedures of core sample (cleaning &drying & saturated with distillate
water).
13. Prepare Cores Samples from The Field.

Figure 3- 9Samples of cores.

15. Cleaning cores with toluene by Sexohcelete device.

Figure 3- 10Sexohcelete device.

16. Put The Core in Oven at Temperature Allow Toluene to Evaporate from
Pores.

25

Figure 3- 11Dry the samples.

17. Put The Core Samples and Distillate Water in Vacuum Chamber.

Figure 3- 12Saturated samples by distillate water.

18. Draying the Core from Distillate Water and Saturated with Oil to calculate
the porosity.
19.Put the cores in oven at temperature to allow the distillated water and brine
to evaporate from pores.
20. Saturate The Cores by The Oil.
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Figure 3- 13Saturaed samples by crude oil.

3.3 Bacterial Injection Procedures

1. Prepare4 different concentrations of isolated bacteria.
2. Place the cores samples in the listed laboratories.
3. Add distilled water to the laboratories.
4. Adding concentrations to the laboratories (each concentration is added to one
laboratory only).
5. Run an imbibitions test (immerse all the saturated cores with different
bacteria concentration) .
3.4 Study the Effect of the Bacteria on the Surface Facility:1. Prepare 4 different concentrations of bacteria.
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Figure 3- 14Concentration bacteria.

2. Bring 6 pieces of carbon steel from a local market, expected as low carbon
steel.

Figure 3- 15Pieces of carbon steel.

3. Immerse 4 pieces in distilled water with oil and add bacteria.

Figure 3- 16Add oil and bacteria to samples.
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4. Immerse one piece in distilled water and the other in distilled water and oil.

Figure 3- 17 Oil and water only.

5. Place samples in anaerobic incubation at 50°C.
Note:
The samples were placed at a temperature of 50°C for two weeks and in the
third week the temperature was raised to 70°C.
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Chapter Four: Results and Discussion
4.1 Core Samples Measurements
Table 4- 1 length &diameter of samples
Sample names

Length

diameter

(L)cm

(d)cm

H20

50.10

37

H21

51.20

37

B1

51.20

37.20

B2

51.10

37

Table 4- 2 Weight of Samples Before and After Saturated.
Samples

after saturated

After drying

After saturated

names

water(𝒘𝒔𝒂𝒕 ) gm

water(𝒘𝒅𝒓𝒚 ) gm

crude oil(𝒘𝒐𝒊𝒍 ) gm

H20

135.254

127.292

134.15

H21

145.090

141.673

144.68

B1

127.572

123.045

130.41

B2

117.918

108.522

119.64

After the cores samples saturated with crude oil, bacteria isolated from the oil
are injected at different concentrations and tasted at different temperatures.
weight of the fluid inside the cores = wsat − wdry
Where:
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𝑤𝑠𝑎𝑡 : Weight the saturated cores.
𝑤𝑑𝑟𝑦 : Weight the dried cores.
Table 4- 3.Weight of The Fluid Inside The Cores
Sample

B1

B2

H20

H21

Weight (g)

4.527

9.396

3.417

7.962

Pore Volume Vp Measurements:
𝑉𝑃 =

𝑊
𝜌𝑊𝑎𝑡𝑒𝑟

(ml)

Where:
W= weight of the fluid inside the cores
𝜌𝑊𝑎𝑡𝑒𝑟 = Water density and it is equal 1000

𝐾𝑔⁄
𝑚3

Table 4- 4 Pore.Volume Measurements
Sample

B1

B2

H20

H21

𝑉𝑃 (ml)

4.527*10−3

9.396*10−3

7.962*10−3

3.417*10−3

Total volume of the oil that has saturated the cores
𝑉=

𝑊𝑜𝑖𝑙
𝜌𝑜𝑖𝑙

𝑚𝑙.

Where:
𝑊𝑜𝑖𝑙 : Weight saturated of crude oil.
𝜌𝑜𝑖𝑙 : Oil density.
The oil density= 𝜌𝑜𝑖𝑙 =

𝑊𝑜𝑖𝑙
𝑉𝑜𝑖𝑙

=

20.14 𝑔
24.884 𝑚𝑙
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= 0.809

𝑔
⁄𝑚𝑙 .

Table 4- 5 Total volume of the oil that has saturated the cores
Sample

B1

B2

H20

H21

V (ml)

161.199

147.886

165.822

178.838

4.2 Recovery Factor Calculation
As has mentioned, After the cores samples saturated with crude oil, bacteria
isolated from the oil are injected at different concentrations and tasted at
different temperatures.
Table 4- 6 Recovery Factor & Time.
Time

Recovery Factor

Days

B1

B2

H20

H21

1

0

0

0

0

2

0.1

0.1

0.1

0.05

3

0.1

0.1

0.1

0.1

4

0.1

0.1

0.09

0.1

5

0.1

0.1

0.1

0.1

6

0.05

0.05

0.04

0.02

7

0.05

0.05

0.05

0.02

8

0.05

0.05

0.05

0.02

9

0.09

0.05

0.05

0.05

10

0.1

0.1

0.1

0.09

11

0.1

0.1

0.1

0.1

12

0.12

0.11

0.1

0.08

13

0.2

0.15

0.1

0.05

14

0.2

0.2

0.15

0.1

15

0.2

0.2

0.15

0.1

16

0.2

0.2

0.2

0.15

17

0.2

0.2

0.19

0.18

18

0.2

0.2

0.2

0.19

19

0.2

0.2

0.2

0.16

20

0.2

0.2

0.19

0.19

21

0.2

0.2

0.2

0.19
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0.2

0.2

0.2

0.19

23

0.2

0.19

0.2

0.2
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0.2

0.19

0.2

0.19

25

0.2

0.2

0.2

0.2
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0.16

0.11

0.16

0.1

Recovery Factor & Time
0.25

55◦c

40◦c
Recovery factor

0.2

70◦c

30◦c

R.T

0.15

0.1

0.05

0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Time(days)
B1

B2

H20

H21

Figure 4- 1 Recovery Factor & Time.

At room temperature
As has shown in the figure 26, every sample has different bacteria concentration
where:
B1= 50 ml
B2= 100 ml
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H2o= 200 ml
H21= 300 ml
However, the increase of the recovery factor has sharply increased until the third
day after that stop to increase the oil recovery for all the samples, the
concentration at H20 is more active to improve the oil recovery where it has
reached the same recovery factor since the second day of the imbibition,
whatever the oil recovery has been decreased after the fifth day due to the
present of the active bacteria inside the solution of the imbibition test; thus the
bacteria start to eat the crude oil. The flowing figures has shown different steps
at the room temperature.

Figure 4- 2 Samples at room temperature on the (1 day).
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Figure 4- 3Sample at room temperature on the (2 day).

Figure 4- 4 Samples at room temperature on the (3 day).

Figure 4- 5Samples at room temperature on the(4 day).
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Figure 4- 6Samples at room temperature on the (5 day).

Figure 4- 7Oil bubbles on a surface.

Figure 4- 8Samples at room temperature on the (7 day).
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At a temperature of 30°C: As has shown in the figure 26, after the eighth day all the samples has been put
in the oven at temperature 300 c, the recovery factor started to increase because
the bacteria start to be more active with the increase of the temperature,
however, the types of the bacteria that has been used in this research is able to
live in the high temperature. After the tenth day the recovery stopped to
increase. Figure 31 shown the samples at 300c.

Figure 4- 9Samples at temperature 30°C .

At a temperature of 40°C: We observed the recovery factor has sharply increased of the sample until the
fourteenth day. The sample B1 that has low bacteria concentration has sharply
increase compared with other samples; thus the increase of the bacteria
concentration will cause the plugging phenomena. Also the bacteria eating the
crude oil has been noticed with the high concentration. The bacteria shown is
to be more active at 400 c and equivalent to the higher temperature as shown in
the figure 26.
37

Stability of the recovery of the sample H20 and its decrease in the sample H21
indicates that with increasing concentration, you need a higher temperature for
bacterial activity and excretion of the vital materials required to reduce viscosity
and surface tension. the flowing figures has shown different steps at the 400 c.

Figure 4-11Samples at
temperature40°C

Figure 4- 10 Recovery at temperature40°C.
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Figure 4- 11Recovery at temperature40°C.

Figure 4- 12Oil bubbles rise to the top 40°C.

At a temperature of 55°C
The recovery factor has been increased for the sample H20 and H21. For the B1
and B2 stayed the same recovery with the previous temperature.
In all samples, the water changed color to black with increasing oil decrease and
showing the disappearance of the color of the oil from the stone, and we noticed
the similarity of recovery in the samples with affinity concentrations. The
flowing figures has shown different steps at the 55°C.
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Figure 4- 13Samles at temperature 55°C.

Figure 4- 14Recovery at temperature55°C.

Figure 4- 15Recovery at temperature55°C.
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Figure 4- 16Oil bubbles rise to the top at temperature55°C.

Figure 4- 17Recovery at temperature55°C.
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Figure 4- 18Oil layer at temperature55°C.

Figure 4- 19Recovery at temperature55°C.

Figure 4- 20Recovery at temperature 55°C.
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Figure 4- 21The disappearance ofoil from the samples.

At a temperature of 70°C
As shown in the figure 26, all the scenarios have shown that the oil recovery
has not changed for all periods until the twenty fifth day, where the bacteria will
start to eat the crude oil as shown in the figure 26. The flowing figures has
shown different steps at the 70 °C.

Figure 4- 22 Samples at temperature 70°C.
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Figure 4- 23 Samples at temperature 70°C.

Figure 4- 24 Oil layer at temperature70°C.

Figure 4- 25Recovery at temperature70°C.
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Figure 4- 26 Recovery oil at temperature 70°C.

Figure 4- 27 Decreases oil layer at temperature70°C.

4.3 Corrosion Test Results
We noticed that the samples that were immersed in water with oil and bacteria
ferment the oil, which indicates that the bacteria nourished from the oil and
formed a white substance on the parts of the metal and part of it fall down to
the bottom and was in the form of a precipitate. The chemist during the process
of growth and reproduction when she was feeding from oil.
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After two weeks, a brown color appears in the upper part of the metal that
touches the bottom in sample 3, which has a bacterial concentration of 200 ml,
which indicates the presence of corrosion, but not of the type of (SRB) sulfate
reduce bacteria, because the corrosion that occurs through the (SRB) gives a
blackish color. and its use in this experiment is anaerobic bacteria but not the
kind that feeds on solvent.

Figure 4- 28White matter on the metal.

Figure 4- 29Precipitate the material.
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Figure 4- 30 Increased appearance of white mater.

Figure 4- 31Occurred corrosion.

When the temperature was raised to 70°C, we noticed an increase in the
appearance of white matter on the metal in all samples, which indicates that
bacteria at an elevated temperature multiply and excrete more substances and
with an increase in the appearance of brown color in the sample 3.
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Figure 4- 32White matter covered most parts of the metal.

Figure 4- 33Increased Corrosion.

The sample that was submerged in water only shows the corrosion faster after
7 days have passed, as well as the sample immersed in water and oil. This
indicates that the exposure of the metal to a high temperature with the presence
of water and oil is a reason for corrosion to occur without bacteria, but when
the bacteria are present it does not happen faster. Samples were less corrosion
and only occurred in some parts of the mineral, the sample3 only, in the absence
of bacteria, a corrosion has occurred in most parts of the metal, and this indicates
that the bacteria can be used to protect the metal to form the corrosion, because
when samples have been added to the bacteria, corrosion has not occurred until
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two weeks have passed and in one sample at a concentration of 200 in a small
part of the metal in the inner part with small space. The flowing figures has
shown different steps of the corrosion tests.

Figure 4- 34Water sample.

Figure 4- 35Oil sample.
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Figure 4- 36Corrosion by water.

Figure 4- 37Corrosion By Oil And Water.

Corrosion that occurred during the presence of bacteria can be due to the
exposure of the metal to a high temperature with continuous immersion in water
and the presence of some compounds in the oil that may interact with bacteria
secretions and led to little corrosion, including s or the contact of the metal with
a direct surface during the experiment.
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Chapter Five: Conclusion.
5.1 Conclusion
1. The bacteria is not effective method to enhance the oil recovery in this field.
2. The increase the concentration of the bacteria will cause the plugging
phenomena and also high amount of crude oil will be loose due to the feeding
of the bacteria itself.
3. At stable and higher temperatures ,it gives the best recovery ,thus indicates
the bacteria tolerate high temperatures at different concentrations ,Overall
,MEOR considered as economically method because the bacteria is well
isolated from the crude oil.
4. The bacteria are a good agent to protect the surface facility from the corrosion
as it compared with crude oil and water.
5.2 Recommendation
More investigation can be done to investigate the bacteria to enhance the
oil recovery but it need more developing and accurate facility.
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