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Abstract

Chemical methoatonsidersas one of EOR method that is usedrtorease oil
recovery and decreases water production through a lifeesdrvoir, biochemical
method is one of this method which dependeémzyme.

Hamra East is a Sudanesiffield belonged to GNPOC located in Block 2B in
South Kordufan with 73.3MMstb, Recovery factor of 27.3%, and high water cut.

In this project wanade asimulation model forbiochemical agent (greenzyme)
through computer modeling group (CMG) to predict the effect of greenzyme on recov-

eryfactor,oil rate, cumulativand producevater.

Froma resultof a simulationmodel gaveus weobserve thagreenzyme can in-

crease oirate,recovery factor and decrement in producer.
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Chapter One: Introduction

1.1 General Introduction:
In the last few years, Enhanced Oil Recovery (EOR) processes hgameel

interestfrom theresearch and development phases to the oilfield EOR implementation.
Thisrenewed interestas been furthered by the current high oil price environment, the
increasing worldwide oil demand, the maturation of oilfields worldwide, and few new

well discoveriegAladasani , 2010).

Enhanced oil recovery is generally considered as the third, opleste of use-
ful oil production, sometimes called tertiary production. The first, or primary, phase of
oil production begins with the discovery of an oilfield using the natural stored energy
to move the oil to the wells by expansion of volatile componantgor pumping of
individual wells to assist the natural drive. When this energy is depleted, production
declines and a secondary phase of oil production begins when supplemental energy is
added to the reservoir by injection of water. As the water torodyztion ratio of the
field approaches an economic limit of operation, when the net profit diminishes because
the difference between the value of the produced oil and the cost of water treatment and
injection becomes too narrow, the tertiary period ofipotion begins. Actually, EOR
may be initiated at any time during the history of an oil reservoir to stimulate produc-
tion. The combined total oil production by primary and secondary methods is generally
less than 40% of the original oil in place. Thus plo¢ential target for EOR is greater

than the reserves that can be produced by conventional methods. (Aladasani , 2010).

1.1.1 EORDefinitions:
EOR Refers to any method used to recover more oil from a reservoir than

would not be obtained by primargcovery ".(Teknica,2001)
The injected fluids must accomplish several objectives as follows :

I.  Boost the natural energy in the reservoir

II.  Interact with the reservoir rock/oil system to create conditions favorable for
residual oil recovery that include amooidpers:
1. Reduction of the interfacial tension between the displacing fluid and oil

2. Increase the capillary number



Reduce capillary forces

Increase the drive water viscosity.
Provide mobilitycontrol

Oil swelling

Oil viscosity reduction

© N o O &~ W

Alteration of he reservoir rock wettability

The ultimate goal of EOR processes is to increase the overall oil displacement
efficiency, which is a function of microscopic and macroscopic displacement effi-

ciency.

Microscopic efficiency refers to the displacement or mobilization of oil at the pore
scale and measures the effectiveness of the displacing fluid in moving the oil at those

places in the rock where the displacing fluid contacts the oil ( Green, 1998 ).

For instance, microscopic efficiency can be increased by reducing capillary forces or
interfacial tension between the displacing fluid and oil or by decreasing the oil viscos-
ity ( Satter et al., 2008 )

1.1.210R and EOR definition:

Improved oil recoveil OR O i shevarioys methods, chiefly reservoir derives
mechanisms and enhanced recovery techniques, designed to improve the flow of hydrocar-
bons from reservoir to wellbore or recover more oil after the primary or secondary methods

(waterand gas flods) are uneconomic.

T Enhanced oi l recover yvagetyoffpfrGcBssasthatione or
seek to improve the recovery of hydrocarbon faneservoiafter the prim

ary production phasé\Vladimir, 2010)

1.1.3 Development Sequence:
ReservoirDevelopment Planning refers to strategtest beginwith the explo-

ration and appraisal well paseand end with the abandonment phase oadjculafield
to establishthe @urseof action duringheproductive ife of theasset. The main bjec-
tive of thecompletecycle of a developmenplanis to maximizethe assetvalue. (Vla-
dimir, 2010)



Development Strategider new fieldsare basedon dataobtainedfrom seismic
surveys,exploratorywells, and otherlimited information ®urcessuchas fluid proper-
ties and reservoir analogues. Based on the informationaaidhinitial development
plansare defined through simulation studies considering eitheolzapilisticor asto-
chastic approachotrank @tions using economicindicators, &ailability of injection

fluids (.e., waterand/or gas), and ib recoveryand Isk, anongother onsiderations.

Therefore, integratindheinformation from smulation studieshelpsto address
the multiple ad complexfactors thatnfluenceoil recovery, as well agservoirdevel-
opment decisions. as new informatidsoat the reservoir, is geology, ad its degree
of heterogeneity édcomesavailablethrough drilling of new wells rad productiori in-

jection history, theiéld can be developed in an optimahyv

In the case of matarfields with a steady decline in oil production, new devel-
opment plans must be revaluated or implemented. However, if the decision to imple-
ment a new development plan in mature fields is made too late, the number of econom-
ically viable options becomes lited. For a variety of reasons, most, if not all, reservoir
development plans (RDPs) change or must be adjusted or modified during the produc-
tive life of the field. ¥ladimir, 2010)

1.2 Oil Recovery Mechanisms:

1.2.1Primary Recovery:
Primary oil production (primary oil recovery) is the first methogmiducing

oil from a well and depends upon natural reservoir energy to drive the oil through the
complex pore network to producing wells. If the pressure of the fluid in the reservoir

(reservoir energy) is great enough, the oil flows into the well and up to the surface. Such
driving energy may be derived from liquid expansion and evolution of dissolved gases
from the oil as reservoir pressure is lowered during production, expansion ghfee

or a gas Cap, influx of natural water, gravitycombinationns of these effects.

In fact, crude oil moves to the well by one or more of primary production
three processes. They are: dissolved gas drive, gas cap drive, and water drive. (James
G,2014)

Dissolved Gas Drive



The propulsive force is the gas in solution in the Oil, which tends to come out
of solution because of the pressure releas
least efficient typerive it is to control the GOR, thmttomhole pressure drops rapidly
and the total the total eventual recovery may be less than 20%.(James G,2014)

Gas Cap Drive
The propulsive force is thee gas cap and contains methane and other hydrocarbons

that may be separated out by compressing the well, the retrograde condensate pools
because decrease (instead of an increase) in pressure brings about condensation of the
liquid hydrocarbons. When threservoir fluid is brought to the surface and the con-
densate is removed, a large volume of residual gas remains, The modern practice is to
cycle this gas by compressing it and inject it back into the reservoir, thus maintaining
adequate pressure within tgas cap, and condensation in the reservoir is prevented,
The recovery about 409%0%.(James G2014.

Water Drive
The propulsive force is thevater drivewhich is considezd most efficient

propulsive force, it is essential that the removal rate be adjusted so that the water moves
up evenly as space is made available for it by the removal of the hydrocarbons. An
appreciable decline in bottehole pressure is necessary to pdevihe pressure gradi-

ent required to cause water influx. The recouss highas80%. (James G,2014)

Gravity drainage drive
The mechanism of gravity drainage occurs in petroleum reservoirs as a result

of differences in densities of the resenfairds. The effects of gravitational forces can

be simply illustrated by placing a quantity of crude oil and a quantity of water in a jar
and agitating the contents. After agitation, the jar is placed at rest, and the more dense
fluid (normally water) willsettle to the bottom of the jar, while the less dense fluid
(normally oil) will rest on top of the denser fluid. The fluids have separated as a result
of the gravitational forces acting on thefharekAhmed, 2010)

Combination drive
The driving mechanism ast commonly encountered is one in which both wa-

ter and free gas are available in some degree to displace the oil toward the producing
wells. (TarekAhmed, 2010)



1.2.2 Secondary Recovery:
This method is used when the pressure be insufficient undergpoesslire to

force the crude oil to the surface. |t 6s ali
using some techniques increase the reservoir pressure by water injection, natural gas
reinjection and gas lift, air, carbon dioxide , nonreactive gasips on the surface
(balanceebeam submerged pumps ,horse head pwugkerrod pump),submerged
pumps (ESPs) are also used to provide mechanical lift to the fluids in the reservoir.
The success of secondary recovery processes depends on the mecharfisch Byew
injected fluid displaces the oil (displacement efficiency) and on the volume of the res-
ervoir that the injected fluid enters (conformance or sweep efficiency). Water injection

is still predominantly and secondary recovery process but if someethanrihe res-

ervoir are larger than others and the water tends to flow freely through these, bypassing
smaller passages where the oil remains, a partial solution to this problem is possible by
miscible fluid flooding, butane and propane are pumped i@tbund under consid-
erable pressure, dissolving the oil and carrying it out of the smaller passages; additional

pressure is obtained by using natural gas. (Jam&813

The purposes of a secondary recovery technique are:
fPressure restoration

fIPressurenaintenance

The mechanism of secondary oil recovery is similar to that of primary oil recovery ex-

cept that more than one well bore is involved

Water injection
In water injection operation, the injected water is discharged in the aquifer

through severainjection wells surrounding the production well. The injected water
creates a bottom water drive on the oil zone pushing the oil upwards. The water injec-
tion is generally carried out when solution gas drive is present or water drive is weak.
Therefore fobetter economy the water injection is carried out when the reservoir pres-

sure is higher than the saturation pressure.

Water is injected for two reasons:
1. For pressure support of the reservoir (also known as voidage replacement).

2. To sweep or displacké oil from the reservoir, and push it towards an oil production

well.



The selection of injection water method depends upon the mobility rate between the

displacing fluid (water) and the displaced fluid (oil).

The water injection however, has some disathges, some of these disadvantages are:

A Reaction of injected water with the for m.
A Corrosi on esbrfaceaquipneecte and sub

As part of water injection it is also common to find the water flooding tech-
nique.Water flooding consists afater isinjected into the reservoir through injection
wells. The water drives oil through the reservoir rocks towards the producing wells
(James G,2014)

Gas injection
It is the oldest of the fluid injection processes. Theaidf using a gas for the

purpose of maintaining reservoir pressure and restoring oil well productivity was sug-
gested as early as 1864 just a few years after the Drake well was drilled. The first gas
injection projects were designed to increase the imreegraductivity and were more
related to pressure maintenance rather to enhanced recovery. Recent gas injection ap-
plications, however, have been intended to increase the ultimate recovery and can be
considered as enhanced recovery projects. In addittenbgcause of its adverse vis-
cosity ratio (higher mobility ratio) is inferior to water in recovering oil. Gas may offer
economical advantages. Gas injection may be either a miscible or an immiscible dis-
placement process. The characteristics of the oiasglus the temperature and pres-
sure conditions of the injection will determine the type of process involved. The pri-
mary problems with gas injection in carbonate reservoirs are the high mobility of the
displacing fluid and the wide variations of permédapilt is required a much greater
control over the injection process than the one necessary with-fleatgting. In order

to evaluate the weep efficiency of the planned gas injection, atehortpilot gas in-
jection test should be driven. At the sanmed; this test would provide the necessary
data to calculate the required volumes of gas; this in turn, will aid in the design of
compressor equipment and estimating the number of injection well which will be re-
quired. The benefits obtained by the gas itpecare dependent upon horizontal and
vertical sweep efficiency of the injected gas. The sweep efficiency depends on the type

of porosity system present.(James G,2015)



1.2.3 Tertiary recovery:
Is that additional recovery over and above what couldebevered by pri-

mary and secondary recovery methods. Various methods of enhanced oil recovery
(EOR) are essentially designed to recover oil, commonly described as residual oil, left
in the reservoir after both primary and secondary recovery methods leavexXpdoited

to their respective economic limits.

During tertiary oil recoveryfluids different than just conventional water and immisci-

ble gas are injected into the formation to effectively boost oil production. Thus EOR
can be implemented as a tertiary process if it follows a water flooding or an immiscible
gas injection, or it mabe a secondary process if it follows primary recovery directly.
Nevertheless, many EOR recovery applications are implemented after water flooding
(Lake, 1989; Lyons &Plisga, 2005; Satter et al.,, 2008; Sydansk& Ro@eman,

2011). At this point is impoaint to establish the difference between EOR and Improved
Oil Recovery (IOR) to avoid misunderstandings. The term Improved Oil Recovery
(IOR) techniques refers to the application of any EOR operation or any other advanced
oil-recovery technique that is ingshented during any type of ongoing oil recovery
process. Examples of IOR applications are any conformance improvement technique
that is applied during primary, secondary, or tertiary oil recovery operations. Other ex-
amples of IOR applications are: hydrauliacturing, scalénhibition treatments, acid

stimulation procedures, infill drilling, and the use of horizontal wells.( Lake, 1989)



Oll Recovery Mechanisms

0il Recovery e
s
Natural flow | | Artificial lift
| Secondary
!
o Y
Waterflood | | | Pressure
- Torliary maintenance

Other: microbial, electrical,
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mechanical (vibrating,
horizontal driling)

solvent

Steam or In-situ
hot water || combustion
Foam
displacement

Figure (1.1) Oil Recovery Mechanism (Schmidt,1990).




1.3 Classification of EORProcesses

ENHANCED
OIL RECOVERY
METHODS
I
| |
| Thermal | | Gaseous | Others
[ I | C ] | l Waterlinjection | Alternated
Hot || Electro- || Cyclic ||Continuous|| In-situ 4 , & Altern
Water || magnetic || Vapor || Vapor || Combustion — a}nttlgfggg-o" Vibraton zwggge[c;"?g g?efls
Ore :
l I [ l Prospection Explosives
Miscible Miscible Miscible Miscible
C0, Ny Rich gas Dry Gas ] l [ ]
Polymers || Foams ||| Suffactants | | Alkaline
Immiscible | | Immiscible Miscible Y solutions
CO, Na LPG
Alkaline
Surfactant and
Polymer solutions

Figure (1.2) Some Enhanced Oil Recovery Methods(A. Gurgel,2008)

The main objective of all methods of EOR is to increase the volumetric (macro-
scopic) sweep efficiency and to enhance the displacement (microscopic) efficiency, as
compared to ordinanyater flooding One mechanism is aimed towards the increase in
volumetrc sweep by reducing the mobility ratio between the displacing and displaced
fluids. Since the mobility of the injected fluid is reduced, the tendency to the fingering

effect is much lowered.

The other mechanism is targeted to the reduction of the ambaitttiapped due
to the capillary forces (microscopic entrapment). By reducing interfacial tension be-
tween the displacing and displaced fluids the effect of microscopic trapping is lowered,
yielding a lower residual oil saturation and hence higher ulémetovery. So, the final
recovery factor depends upon the microscopic displacement efficiency and on volumet-

ric efficiency of the displacement front (GL ChieritB95.



There are four major categories of enhanced oil recovery:
1. Chemical Process

2. Thermal Recovery

3. Miscible Injection

4. Other (Microbial, electrical )

1.4 Chemical EOR:

Chemical Injection: This EOR technique is used to free the hydrocarbons from

the pores by injecting |l ong chainéeamd mol ecu

jedion of polymers increases the effectiveness of the water floods. A detergent in the
form of a, ASurfactant o0 c aamdlaverdhe sufaee us ed;
tension which then prevents the oil droplets from moving through the oivoaséihe
principle chemical EOR techniques consi st
flooding and alkaline flooding(Mr.Saahil 2015)

There are four common types of chemical EOR methods namely:
1- Polymerflooding
2- Surfactanflooding
3- Alkaline flooding

4- Alkaline i surfactanipolymer @ASP) flooding

1.4.1 Polymer flooding
Two types of polymer are used in enhance oil recovery: synthetic polymers like

partialhydrolyzed polyacrylamide (HPAM) and bamlymer like xanthan.HPAM type
of polymers are much more widely used than biopolymanthenegype), because

HPAM has advantage in price and lasggale production. (James2D13

Mechanism
The main mechanism gblymer flooding is the increased viscosity of polymer

solution so that the mobility ratio of the displacing polymer solution to the displaced
fluids ahead is reduced and the viscous fingering is reduced. When the viscous fingering

is reduced, the sweeffieiency is improved. (James 4013)

-10-

(



Mobility control
Generally, for a water drive with in a homogenous reservoir, an unfavorable

mobility ratio often exists because the injected water viscosity is lower than the oll
viscosity. This result will inducehe fraction of water phase (water cut) during liquid

production to rise rapidly. As a consequence, the sweep efficiency will be very low,
due viscous fingering. However by increasing the polymersolution, the mobility ratio

canbemproved (JamesJ, 20}3

1.4.2 Surfactant Flooding :

Surfactant
This term is a blend of surfa@eting agert that adsorb on or concentrate at a

surface or fluid/fluid interface to alténe surface properties significantly; in particular,

they decreases surface tension or interfacial tension.(8tiFjactants aresually or-

ganic compounds that aeemphiphilic, meanng they are made up of two functional

groups hydrophobiqwaterh at i ng, t he Atai |l 0)-lowang,the pol ar
A h e aJhraes J, 2013)

Surfactant may be classified according to the ionic nature of the head group as aninic,
cationic, nonionic, andzwitterionic the main advantéggsion or interfaal tension
(IFT). (Johannes2012

Parameter to characterize surfactant
The parameter to characterize surfactant hydropliyplaphilic balance (HLB),

critical micelle concentration (CMC), Kraftpoint, solubilization ratidratio, and

packing number.

Mechanisms of surfactant flooding
The key mechanism for surfactant flooding is lowering interfacial tension

(IFT)effect to discuss the mechanism , the concept of capillary number vs residual oil

saturation discussed first .

1.4.3Alkaline Flooding :
Also called a caustic flooding. Alkalis used in alkaline related EOR include so-

dium hydroxide sodium carbonatesodiumorhtosilicate, sodiutmpolyphosphate, so-

dium metaborate, ammonium hydroxide and ammonium carbonate .(James J, 2013)
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Alkaline reaction vith crude oil:

In alkaline flooding, the injected alkali reacts with the soaponifiable components in the
reservoir crude oil. These saponifiable components are describe as a peaocigkum
(James J, 2013)

Mechanisms

One mechanism of alkaline flooding is that a surfactant (called soap to differ-
entiate it from an injected synthetic surfactant) is generated in situ when an alkaline

solution reacts with the acid component in a crude oil.

1.4.4 Alkaline Surfactant Polyner Flooding:
Polymers can be used for mobility control. The interaction betywegmers

andsurfactants is shown to be affected by pH, ionic strength, crude oilagdethe
properties of the polymers and surfactants. (French, 1993)Surfactants, whose maj
components are natural mixed carboxyl&tes) theheels of vegetable oil and fats such

as soybean oil, vegetable @himal oil and tea oil, etc., have been developed. Optimal
formulations werebtained usingn orthogonatestdesign method to scne¢he alka-

line surfactant polymer flooding system. The oil recovery can be increased by 26.8%
of the original oil in place in a core flood experiment. The waste water resulting from
the production othe naturaimixed carboxylates also exhibit a high sagaactivity.
(Johannes,2012

Advantage:
1-Alkaline injection reduces the adsorption of surfactant and polymer

2-Alkali reacts with crude oil to generasmap. Soapas low optimum salinity,
whereas a synthetic surfactant has relatively high optimum galitiie mixture
of soap and the synthetic surfactant has a wider range of salinity in which the IFT

is low.

3- Emulsions improve the sweep efficiency. Soap and surfactant make emulsions
stable owing to the reduced IFT. Polymer may help to stabilize emsilgwing

to its high viscosity to retard coalescence.
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4-There is a competition of adsorption sites between polymer and surfactant. There-

fore, adding polymer reduces surfactant adsorption, or vice versa.

5-Adding polymer improves the sweep efficientlames J2013

1.5Greenzyme

1.5.1 Background of EEOR:

Enzyme Enhanced oil recovery is a process which is aimed at mimicking the effect of
MEOR or Microbial Enhanced Oil Recovery. A sadtegory of MEOR involves

the microbial product being Bio surfanta which serve the following purposes:

fReduce Interfacial tension between oil and rock/water surface

fLeading to emulsification

fImproving pore scale

EEOR also serves the following needs as have been discussed in the pretimus sec
Microbial enhanced oil recovery refers to the use of microorgents retrieve addi-
tional oil from existing wellsthereby enhancing the petroleum production of an oil
reservoir. In thigechnique, microorganisnege introduced into oil wells to produce
harmless byproducts, such as slippy natural substances or gas#isof which help
propel oil out of the well. Because these processes help to mobilize the oil and facilitate

oil flow, they allow a greater amount to be recovered from the well.

1.5.2 What Are Enzymes:
Enzymes are biological catalysts made of proteiasdhtalyze (i.e. signif-

icantly accelerate) specifically desired biological chemical reactions between a
substrate (oil), the water medium and formation. The enzymes lower the activation
energy needed for the reaction without being consumed. Enzymestagueap

to several million reactions per second. Our enzymes are engineered with an active

site having a strong affinity for the oilTdrang Jain2012

1.5.3Working mechanism:
Similarto the oilwet system. a watewet system is characterized by the major

part of the rock surface to weettedby the water phase. In such an arrangement the
water exists morer less as a continuous film through pores and open chasmdtise
oil is resting on a film ofvater.Sucha system is also typicébr a result of a process

referred to as snapff of oil. This is asystem where wates pushing oilthrough pore
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throats ad droplets of oil are released from th®in oil globule by a snapff. This

process leaves trapped oil drapgpores.

0When t hé water zojutive floods and replaces the watebrine
phase in such a systethe solid surfaces also become wetted bgrmrymed water
phase. In addition trenzyme recognize$s attaches tandreleasesiydrocarbongrom
the oil globule. This in turn drastically reduces the surface tension between the oil glob-
ule and aqueous phasThe reduction in interfacial Tension (IFT) between the oil and
hydrocarbon is documented by separate lab measurements. These effects in turn cause
release of oil droplets from the parent oil globule and the now formable shape of the
parent oil globule rakes it subject to be pushed out of the pore in the directifiovof
for the displacing fluid. This situation is schematically shamvkRigure below. Model
sketch of oil releasing mechanism of enzyrmmes typical water wet system. Red spots
indicate afew enzyme molecules attached to oil globule surface. The enzyme wetted

surfaces of the solids are not marked.

—— =1 -

—~—Solids

Figure (1.3) EEOR In Water Wet System (Tarang Jain,2012)



' OIL Enzyme — water
phase

Figure (1.4) GreenzyméMechanism With Sand (Tarang Jain,2012)

The environmenfriendly enzyme agent is a water soluble product which can
strongly release oil from reservoir grain surface, it can alter pay rock frewebdtb
waterwet, and reducing interfacial tension of graamsl oil flow resistance through

pores (Qingxian Feng,2007 )

1.5.4 Advantage Of EEOR :
1. Reduce interfacial tension between oil and rock / water surface

Improving pore scale
The well stimulation process with the enzyme technology is very simple

Economically

ok~ 0N

The effect of enzyme could last for years (Tarang Jain,2012 )

1.6 Problem statement:
In Hamra oil field, the production rates started to decline in high rates after water

flooding becausef highpart of the remaining oil (residual oil saturation) is still trapped
in the porous media due to capillary force and high wateprogluction, experimental
study of improve oil recovery factory by using oil biochemical ag&re€nzymg
which can lower th interfacial tension and hence decrease the capitiecg.

1.7 Objectives of the study:

The main objectives of this research are:
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1-To simulatethe implementatiorof usingGrenzymethrough CMG software

in hamraeast oil field
3- show the effect of greenzyme on oil rate , cumulative and recovery factor.

4- Compare between laboratory experiments test$Gaadnzymeproperties in

hamraeast8 well and worldwiddields.
1.8 Introduction to the case study:

Hamra Cluster 2B is locadl in Block 2B South Kordufan it was put to produc-
tionin January 2012 , and it consist of three structueesBlamraCentral ,Hamra East
and Hamra South East. With the following tables show thergkinformation of these

three structures :

Table (1.1) General properties of Hamra Cluster 2B structures

: STOIP | RF EUR Production Reserves (2P) | Potential
Reservoir
2P (%) |@Dec-2031| 2017.1-4 | Cum | DEV |UNDEV |Recovery
Hamra Central 2409 | 5.7 1.38 0.04 1.09 0.29 0 0
Hamra East 7334 | 273 20.01 0.44 1302 | 514 | 185 0
Hamra Southeast| 4.98 | 50.6 2.52 0.09 123 | 129 0 0
Total (MMB) | 10241 | 23.3 23.90 0.57 1534 | 671 | 185 0

Table (1.2) Numbers Of Wells In The Three Structures

Wells Status Completion Types
Total
Wells Active Active In-|ldle [Vertical|[Deviated [Horizonta

Structures

Producers|jectors [Wells |Wells [Wells Wells

Hamra E (26 23 0 3 25 1 /
Hamra SE |2 2 / / 2 / /
HamraC |5 4 / 1 5 / /
Total 33 29 0 4 32 1 0




The field production in Aril2017 was around 219&80PDwith oil rate 4972 and
water cut 77% , the cumulative oil was MNBVIB(14.98 of OOIP)

Il
\\ Hamra Cluster
\,
\,
\, B1A Depth Map
alee
il

aaaaa Developmet

TO0GO000

TO0A000

Figure (1.5) Hamra Oilfield Location Map
1.9 Thesis out lines:

Chapter one in thesis iscluding a general introduction of EOR method and
biochemical agent3reenzymg chaptetwo contain the literature reviews and theoret-
ical background of the study, while chapter three is talking about the labosajuma
iment methodologyand steps. Chager 4 is summarizing the result discussion of the
work in form of table and chartshapter 5 is conclusion and recommendation.
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Chapter Two

Theoretical Background and Literature Reviews

2.1 Theoretical Background

2.1.1 Introduction
Oil production in manyields has reached the mark of residual oil saturation.

This in turnhas forced the oil industry to recover oil from more complicated areas,
where the oil idess accessible, by means of advanced recovery techniques. The re-
serves and productiomtios in sindstone fields have around 20 years of production
time left. The proven angrobable reserves in carbonate fields have around 80 years of
production time left (montarqr2008.

With global energy demand and consumption forecast to grow ragidiyg
thenext 20 years, a more realistic solution to meet this need lies in sustaindhg-

tion from existing fields by means BOR (James2010.

After primary and secondary methods, tthirds of the original oil in placeJOIP) in
areservoir is not produceghd still pending for recovery by efficient enhanced oil re-
coveryEOR) methods. BR methods can be categorized into three main processes
such asThermal oil recovery, miscible flooding, and chemical flooding (taber et al.
1979).

2.1.2 When to start EOR
A common procedure for determining the optimum time to start EOR process

afterwater floodingdepends on:

i. Anticipated oil recovery.

il. Fluid production rates.

iii. Monetary investment.

iv. Costs of water treatment and pumping equipment.

v. Costs of mair@nance and operation of the water installation facilities.

vi. Costs of drilling new injection wells or converting existing production wells into
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injectors(TarekAhmed, 2001)

2.1.3Basic concepts:
Interfacial tension :

The surface tension is defined as the force exerted on the boundaripdayer
tweenliquid phase and a vapor phase per unit length. This force is dayddteérences
between the molecular forces in the vapor phase and thtreeliquidphase, and also
by the imbalance of these forces at the interfdd¢e surfacecan be measured in the

laboratory and is unusually expressed in dyrerscentimete(TarekAhmed, 2010).

- CECm m
" T CACRT O
Where:

r = pore radiuscm

h = height,cm

} e density of oil,gm/cm.

} w density of water, gm/cm.

0 o winterfacial tension between the oil and the water, dynes/cm.
Wettability:

Wettability is the preference of one fluid to spread on or adhere to a solid surface

in the presencef other immiscible fluids (Craig, 1971).

Air
Mercury

8 Oil 8 8
_— Water

Glass Plate

Figure (2.1) lllustration of Wettability(Craig, 1971)



Wettability depends on the mineral ingredients of the rock, the composition of
the oiland water the initial water saturatiomnd the temperature. The wettability of
reservoir rocks to the fluids is important in that the distributiotneffluidsin the po-
rous media is a function afettability. Because®f the attractive forces, the wetting
phase tends to occupy the smaller pofdberock and the nomvetting phase occupies

the more open channels (Tarkkmed, 2010).

Wettability can be quantified by measuring the contact angle of oil and water
on silicaor calcitesurface or by measuring the characteristics of core plugs with either
an Amottimbibitionstest or a USBM test.

Mobility ratio:

Tarek Ahmed (2000) states that The mobility is defined as the ratio of the per-
meabilty to the viscosity and the Mudity ratio (M) is defined as the mobility of dis-
placingphase tanobility of displaced phase, and can be given by:

AEODPI AAET C
AEODPI AAAA
—7q )

t %

Where :
Kro, Krw= relative permeability to oil and water, respectively.
€ 0 7 wseosity of oiland water, respectively.

If a mobility ratio greater than unity, it is called an unfavorable ratio because
theinvading fluid will tend to bypass the displaced fluid. It is called favorable if less

than
unity and called unit mobility ratio when equal tatyn
Recoveryfactor:

The overall recovery factor (efficiency) RF of any secondary or tertiamng-oil
coverymethod is the product of a combination of three individual efficiency factors as

givenby thefollowing generalized expression:

-20-



RF=Ep EA Ev

Where:

RF = overall recovery factor
ED = displacement efficiency
EA = areal sweep efficiency
EV = vertical sweep efficiency
Capillary Number:

Capillary Number is defined as the ratio of the viscous forces and local capillary
forces. Thiscan be calculated fromehformula in equation below (Moore and Slobod
1955):

?
Qz
X

>
>
5:
@)

Where:

u= Effective flow rate

€ = Viscosity of displacing fluid

0 = Interfacial Tension

O = Contact angle measured through the fluid with highest density.

An increase in capillary numbenplies a decrease in residual oil saturation and

thus an increase in oil recoee

2.2 Literature Reviews:

2.2.1 Case Study Worldwide:
In February 2019Mr.Saahil Vaswanil, Mr.Mohd Ismail Igbal2, Dr.Puspha-

Sharma ,studiett he chemi cal i njection EOR met hod,
on depleted reservoirs , after ASP was applied the result shows that oil production
rate fromthe field at the start of procesvas about 60m3/d. after initiation of ASP, the

oil produdion rate reaches the peak level of about 180m3/d. chemical movement has
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been fast resulting in drop in water cut. Initial water cut at the start was over 80% and

gradually dropped to about 75%.

In 2002 Li JiaHuaconducted analysis of single well stimutedione for Shengli
oilfield chinausing Greenzyméun 2-25 well have been selected , result show that
daily fluid production increase from 6 t/d to 13.6 t/d , viscosity drops from 19.2 Mpa.s
to 169 Mpa.s, the water content wkept below 60% level andhé geolgical for-
mation near bottom hole and vicinity areas show significant improvement in fluid flow

mobility.

In 2007 John L Gray conducted analysis of EEOR uGregnzymdor prue
Ranch (Anacacho) oil field Texas after the field production startéeclining , the
treatment included acidizing the well before injecting Gieeenzyme the results
showed a clear and sustained increase in production after treatme@regtizyme
Peakaveragamonthlyproductionof 8.81 BOPD which was double of averggeduc-
tion of 4.34 POBD , the results also showed that the enzyme fluid can be effective for
higher API gravity oil (ie. 34 API gravity )

In 2009 HamidrezaNasiri conducted a laboratory experiment studyuse of en-
zymes to improve water flood Performantiee aim of the study is to determine the
effect of Greenzymeon wettability by flooding the cores with different types of en-
zymes and measuring the Contact Angle , Interfacial Tension and crude oil Viscosity
the results shows : contact angle measurenmeintate more water wet behavior
using enzyme especiall(eenzymg, IFT between oil and brine solution containing
Greenzymehas lower value , the oil recovery increased from 3.5% to 11% OOIP and

for cores in this study less changenettability than expected was observed.

In 2011William K. Ott studied the successes of EEOR for Mann {filglanmar, the
treatment was applied in two wells (well 101 , well 395) by injectirgooincentrated, water
soluble enzyme preparation made from Diwdified proteins released from selected mi-
crobes in oil zones of the first well and then recycled and applied in a second well and the
results were improvement in oil production in the two wells and indicated that modified en-
zyme solution can effectively be radgd into other wells to enhance productjativerting
Modified enzyme treatments into more intervals should improve treatments results and tests

indicate it is more effective in high water cut well.
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In 2011 Liu He studied the Biology enzyme EOR for losvrpeabilityreservoirs)a-
boratory experiment was conducted by applying 4 types of biology enaghgi®n withdif-
ferent concentration ranging from 0.4% to 5% to conduct depressurization on 6 artificial cores
and 3 natural cores the results showed thatbiology enzyme may cause depressurization
stimulation effect in low permeability reservoirs and that the biology enzyme plays a part in

releasing rock piratical surface hydrocarbon

In 2007 Chuck Devier conductedGreenzymecore flood laboratory experi-
ment, two core samples were selected for the core flood test under overburden condi-

tions , the lab results showed decrease in IFT and SOR and increment in oil production.

In 2000, Petroleos de venezuela, S.A. (PDVSA),conduGted@nzymeEOR
treatment foreason of decline in production level, Well TJ1319 was chosen to receive
multiple treatments obreenzymeto test whether the recovery factor would increase
after eachtreatmentthe results show thahitial fluid production increased with pro-
duced water being extracted first, followed by oil production. Treatments effectively
removed wellbore blockage for improved relative permeability. Increased recovery was
maintained as long as seven months inaase, before starting to decliri&eenzyme
was found to be effective in any type of oil environment (heavy, medium, ligrg)-

ageproduction increase of 335% and 440,703barrels of additional oil.

In 2008,Y. Wangstudied anew Agent for FormatiobamageMitigation in
HeavyOil Reservoir, Core flood experiments result show that biological enzyme with
the concentration of higher than 5% can remarkably increase recovery factor for cores

with the permeability higher temavalwithe m2. Si m
bi ol ogi cal enzyme for cores with the per me
than permeability | ower of lem2. by Combin

and simulation experiments of plug removal, we can detertheneptimumcondition

for field application of biological enzyme.

2.2.2 Case Study In Sudan:
In 2016 Y.Y. Foo, R.D. Tewari, K.C. Kok, A. Elrufai, H. Elbaloula and L. Elk-

heir conducted a laboratory evaluation of Chemical EOR Process for Viscous and High
EACN Oil in EastAfrican QOilfields , the result shows The optimum ASP concoction
was formulated at alkaline Na2CO3 concentration of 0.5 wt.%, surfactant S6 concen-

tration of 0.2 wt.% and polymer P1 concentration of 0.2 wt.%,with additional brine

23



(NaCl) salinity of 3000 ppm ASP flooding had increased the final oil recovery factor
up to 62 and 54 % OOIP and The reduction of residual oil saturation was estimated to
be 47 % and 35 % &orw.

In 2016 HaythamMMustafa , Ali Faroug , EnasMukhtar , Leksono , Mucharam
, HushamBblaoula , BadreldinA.Yassin , FadulAbdalla and Tagwa Musa studied Im-
plementation of chemical EOR as Huff and Puff to improve QOil recovery for heavy Oil
Field by Chemical Treatment (SEMAR) Case Study Bamboo Oil Seldan , the
result show that combinatis of micro emulation effectimbibitions effect and oil
viscosity reduction from 76 cp to 2 cp will improve PI significantly ,

Incremental from BBW 27 max 895 bopd, cumulative 3427bbl oil, average 857
bopd for 4 days. Incremental from BBW 13 max 263 bopd, cumulative 975bbl oil, av-
erage 45 bopd for 22 days. Incremental from BBW 14 max 108 bopd, cumulative
2268bbl oil, average 87 pd for 26 days. Incremental from BBW 17 max 256 bopd,
cumulative 1074bbl oil, average 37 bopd for 29 days. Incremental from BBW 22 max
551 bopd, cumulative 6183bbl oil, average 177 bopd for 35 days. Incremental from
BBW 25 max 165 bopd, cumulative 3265bil| average 63 bopd for 52 days.

In 2015 Husham Ali studied Chemical Enhanced Oil Recovery Pilot Design for
Heglig Main FieldSudan, The results show that a combination of 0.4wt% of Alkaline,
0.1wt% of Surfactant, and 0.1wt% of Polymer in an ASP floodnogess can increase

the recovery factor of Heglig main up to 43.54%.

Many studies have been conducted to Enzynimhanced Oil Recovery around the
world, the studies included laboratory experiments (core flooding), field application,

and analysis resedrc
This thesis is the first graduation project in Sudan to study the EEOR.

TheThesis analyseand evaluate the results aijre floodexperiment done us-
ing Greenzymefor a Sudanese oilfield (hameast) , to predict the performance of
greenzyme in Sudaneseells and to determine the effect of the enzyme on recovery

factor.



Chapter Three: Methodology

3.1 introduction:;

The reservoidata (temperature , pressure, porosity ,permeability ,depth ) and
fluid properties (viscosity ,density ) had been colleanftaboratory core flood exper-
iment for core samples taken from Harnkast filed , to establish simulation model
through CMG software in order to predict the effect of biochemical agent ( greenzyme)

in production rate , recovery factor and produce waterWC

3.2 Computer Modeling Group

Abbreviated as CMG, is a software company that produces reservoir simulation
programs for the oil and gas industry. It is based in Calgary, Alberta, Canada with
branch offices in Houston, Dubai, Caracas and London. The ecgnp&raded on the
Toronto Stock Exchange under the symbol CMG. The company offers three simulators,
a black oil simulator, called IMEX, a compositional simulator called GEM and a ther-

mal compositional simulator called STARS.

The company began in 1978as effort to develop a simulator by Khalid Aziz
of the University of Calgary's Chemical Engineering department, with a research grant
from the government of Alberta. A commercial product was being sold by the late
1980s. For the first 19 years of the comya history it was a neprofit entity. In 1997
it became a regular public company when it was listed on the TSX. The company now
claims over 400 clients in 49 countries.

Today, CMG remains focused on the development and delivery of reservoir
simulation echnologies to assist oil and gas companies in determining reservoir capac-

ities and maximizing potential recovery.



3.3 CMG components:

Results Grapr

Figure 31 : CMG Components
3.3.1 Builder :

Builder, a Windowsbased application, helps engineers create input files for
CMG reservoir simulators IMEX, GEM, STARS. Through the use of 2D and 3D
visualization, and efficient keyword input, Builder helps reservoir engineers realize im-
mediate time samgs by efficiently navigating them through the complex process of
building reservoir simulation models. Builder simplifies the creation of simulator mod-

els by providing a framework for data integration and workflow management between



CMG's reservoir simutars and the "outside world". Its intuitive interface and numer-
ous process wizards make reservoir simulation accessible to all organizations, even

those with limited modeling experience.

3.3.2 STARS-Thermal & Advanced Processefeservoir Simulator:

STARSIs the undisputed industry standard in thermal and advanced processes
reservoir simulation. STARS is a thermalv&ue (KV) compositional, chemical reac-
tion and geomechanics reservoir simulator ideally suited for advanced modeling of re-
covery processes\volving the injection of steam, solvents, air and chemicals. The ro-
bust reaction kinetics and geomechanics capabilities make it the most complete and

flexible reservoir simulator available

3.3.3 IMEX - Three-Phase, BlackOil Reservoir Simulator :

IMEX, one of the world's fastest conventional black oil reservoir simulators is
used to obtain historsnatches and forecasts of primary, secondary and enhanced or
improved oil recovery processes. In addition, IMEX models production from conven-
tional sandstone andubonate reservoirs, including the effects of natural fractures and
is widely used to model primary production of gas and liquids from hydraulically frac-

tured shale and tight sand reservoirs.

3.3.4 GEM- Compositional & Unconventional Oil & Gas

GEM is the worlddéds | eading reservoir
unconventional modeling. GEM is an advanced general EquatiState (EOS)com-
positional simulator that models the flow of thy@ease, multcomponent fluids. GEM
can model aptype of recovery process where effective fluid composition is important.

3.3.5 RESULTS- Visualization & Analysis :

Through industryleading visualization capabilities, results allows engineers to enhance
productivity, gain new understanding and insigio recovery processes and improve

Net Present Value (NPV). Results, a set of postessing applications, is designed to
visualize and report CMG softwareSTARS, GEM, IMEXT input and output data

into 2D aerial maps, 2D crosgctions, 3D perspectivestereoscopic 3D formats and
tabular reports. Results is comprised of three modules : Results 3D,Results Graph, and
Results Report.
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3.4 Building Core Flood Simulation Model In STARS:
Flow chart below represents the steps of creating the numerical modelutjh the

use of CMG software:

Great a Cartesian grid and input array properties

1

Input fluid model properties (water, dead oil )

{ Input relative permeability data }

|

{ Setting the initial condition J

|

[ Setting the numerical controls }

1

[ Complete the well perforation ]

Flow Chart 31 : Steps of Building The Numerical Model
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Building the core flood will be by following the flow chart below:

Input the well (perforations,radius) in injection and produce

Setting Operating Constraints for the (injection, producer) \

Entering the injection fluid properties

!

[ Setting the data of (injection) ]

!

[ Add component type and properties (surfactant)}

|

[ Running the Simulator and getsults ]

Flow Chart 32 : Steps of Building CorElood Stimulation
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Setting Operating Constraints for the injectwall, input injection fluid and

click apply
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Figure 32: Injection Well Constrains




Setting Operating Constraints for gheduction well and click ok
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Figure 33: Injection Well Constrains
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Input the chemical component from process wizard and sett and click next

Figure 34: Chemical Component
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