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ABSTRACT
Improved Oil Recovery by Spontaneous Imbibition of Gaberoun Water
into Carbonate and Sandstone Reservoirs: Effects of
“Temperature and Aging Time”
Bachelor Program of Petroleum Engineering
Sabha University

More than 50 % of the known petroleum reserves are stuck in carbonate reservoirs,
which can be divided into limestone, chalk and dolomite. As sandstone rock
considered ideal oil reservoir. Some factors impact on oil recovery of those types of
reservoir rocks, such as low water wetness, natural fractures, low permeability, and
heterogeneous of rock properties.
Although using new material to get maximum oil recovery with lowest
economic cost considered great challenges continued to long years. Suppose using
water of Gaberoun Lake in spontaneous imbibition test by using amott method
considered the first in type it. The research in this area is very limited due to technical
and economic challenges.
In this research performed calculated pH, salinity, conductivity and total dissolved
solids. Calculate the density, hardness and acidity of Gaberoun water. Also used samples of
two type of reservoir rock (carbonate and sandstone). Then saturated in three types of crude
oil with different composition. Calculate original oil in place of these samples. By using
amott method performed immersed samples of carbonate and sandstone in Gaberoun water
and observe effect of Gaberoun water and calculate oil recovery that can be recover by
Gaberoun water.
The spontaneous imbibition test in this study was started from room temperature,
30C0, 40C0, 50C0, 60C0, 70C0 and 80C0 during 1080 hours of aging time the results show that,
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the oil recovery at high temperature is higher than at low temperature and oil recovery
increase with increase aging time. Increasing or decreasing oil recoveries depending on

type of reservoir, type of crude oil, temperature of reservoir and aging time.
Keywords; Oil Recovery ; Spontaneous Imbibition ; Gaberoun Water ; Carbonate ;
Sandstone ; Temperature ; Aging Time.
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CHAPTER I: INTRODUCTION
I.1 Motivation of Study
Motivation of study including the following: 1.

The principal source of energy in Libya it is the oil, so we try in this
research to get of highest oil recovery. Thus, the contribution in increase
economy of Libya and that for two type of reservoir rocks (sandstone and
carbonate). Because reservoir rock type of fields which exists in east of
Libya often it is carbonate, and reservoir rock type of fields which exists
in south west of Libya often it is sandstone. That by immersion with water
we think it's don't used before for study. this water it's Gaberoun lake
water which situated in awbari desert in south west of Libya, thus to be
sabha university first university do this research.

2.

Open the path to students to take this direction in next research.

3.

This research it has economic benefit, which has great benefit on
companies.

I.2 Objectives of Study
The objectives of study this research it given in the following clauses.
1.

To increase oil recovery by using gaberoun water for reservoir rock types
(sandstone and carbonate).

2.

To increase oil recovery by change the temperature that start from room
temperature to highest possible temperature.

3.

To increase oil recovery by effect aging time with different temperature.

4.

To calculate the porosity of sandstone and carbonate reservoir rock.
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5.

To get maximum recovery without using chemical material that
considered expensive of economical locality of companies.

6.

To calculate pH, salinity, conductivity and total dissolved solids of
Gaberoun water.

7.

To calculate the hardness (calcium and magnesium) of Gaberoun water.

8.

To calculate the density of Gaberoun water.

9.

To calculate the porosity of sandstone and carbonate reservoir rock.

I.3 Present Status of the Question
1.

What is pH, salinity, conductivity and TDS of Gaberoun water?

2.

What is the hardness (calcium and magnesium) of Gaberoun water?

3.

What is the density of gaberoun water?

4.

What is the acidity of Gaberoun water?

5.

What is the pore volume and effective porosity of sandstone rock?

6.

What is the pore volume and effective porosity of carbonate rock?

7.

What is the effect of Gaberoun water on oil recovery of sandstone rock?

8.

What is the effect of Gaberoun water on oil recovery of carbonate rock?

9.

What is the effect of temperature on oil recovery of sandstone rock?

10.

What is the effect of temperature on oil recovery of carbonate rock?

11.

What is effect of aging time on oil recovery of sandstone rock?

12.

What is effect of aging time on oil recovery of carbonate rock?
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I.4 Methodology.
In this section, we show the process of making a thesis as showing in the following flow chart.

Start

Discusse the project
and the impotance
of this study with
supervisor 1/5/2016

Prepare the elements
needed in this study
10/5/2016

Cut cores of the
sandstone &
carbonate rocks in
tripoli 15/7/2016

Begining the
experimental
procedures 6/8/2016

Analysis for Gaberoun,
pH, acididty, salinity,
TDS, hardness, density
7/8 to 15/8/2016

Range core samples
and begin vacuum
process 18/8/2016

Process of estimate
porosity 28/8/2016

samples saturated
with oil 29/8/2016

Figure 1: Methodology of this Study
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Obtain core samples
from x-feild
15/5/2016

Obtain Gaberoun
water for study
20/5/2016

Process of made
brine 17/8/2016

Begining
spontaneous
imbibition test
17/9/2016

Finished

I.5 Importance of this Research
Importance of this research including:
1.

Increase oil recovery of sandstone and carbonate.

2.

Knowledge the effect of temperature on oil recovery of sandstone.

3.

Knowledge the effect of temperature on oil recovery of carbonate.

4.

Knowledge the effect of aging time on oil recovery of sandstone.

5.

Knowledge the effect of aging time on oil recovery of carbonate.

6.

Knowledge the pore volume and effective porosity of sandstone.

7.

Knowledge the pore volume and effective porosity of carbonate.

8.

Knowledge pH, salinity, conductivity and total dissolved solids of
gaberoun water.

9.

Knowledge the hardness (calcium and magnesium) of gaberoun water.

10.

Knowledge the density of gaberoun water.

11.

Knowledge the porosity of sandstone and carbonate reservoir rock.
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CHAPTER II: LITERATURE REVIEW
Presently, more than 85 % of world energy consumption comes from fossil fuels
and the World Energy Outlook shows that energy demand could rise by 53 %
between now and 2030 (International Energy Agency 2006). Although, most
energy professionals agree that the world energy resources are adequate to meet
this projected development, more reserves will be required. This means the
petroleum industry will have to increase recovery factors significantly from all
types of reservoirs (Sheng 2013). The proven and probable reserves in carbonate
fields have around 80 years of production time left (Sheng 2008). More than 60 %
of the world’s oil and 40 % of the world’s gas reservoir are held in carbonate
reservoir (Schlumberger 2007), and the world has 3000 billion barrels of
remaining oil and 3000 trillion standard cubic feet gas in place in carbonates
(Sheng 2013). However, due to oil-wet and mixed-wet rock properties usually
result in lower hydrocarbon recovery rates in carbonate reservoir when it is
compared to sandstone reservoir. Hence, more attention is being paid to Enhanced
Oil Recovery (EOR) techniques for recovering more oil from the existing oil
fields. EOR refers to any reservoir process used to change the existing
rock/oil/brine interactions in the reservoir in order to increase the oil recovery
(Sheng 2011).
II.1 Enhanced Oil Recovery
There are three stages of oil production from oil reservoirs: primary, secondary,
and tertiary recovery.
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I.

Primary recovery is the first stage of oil production due to the pressure of the
reservoir and it requires no external assistance. The oil driving mechanisms
include natural water from aquifer displacing oil upward into the well,
expansion of the natural gas at the top of the reservoir, expansion of gas initially
dissolved in the crude oil, and gravity drainage resulting from the movement of
oil within the reservoir where the wells are located. Recovery factor during the
primary recovery stage is typically 5-15%.

II.

Secondary recovery methods are applied to a well after primary oil recovery
when the reservoir is not able to produce oil on its own. These recovery
methods supply external energy into the reservoir in the form of injecting fluids
to maintain reservoir pressure, hence replacing or increasing the natural
reservoir drive. This is achieved chiefly by injection of water (seawater or
aquifer water). On average, the recovery after primary and secondary oil
recovery operations is between 20 and 40% of the initial oil in place.

III.

Tertiary oil recovery methods are applied to recover extra oil from the
reservoir after the secondary recovery. Tertiary oil recovery methods are also
called Enhanced Oil Recovery (EOR) methods. Enhanced oil recovery methods
can broadly be classified as thermal, chemical, gas and other methods.
Economics plays a major role in considering tertiary methods, as they are more
expensive than both secondary and primary methods of oil recovery. The
enhanced oil recovery method which will using during this research to improve
oil recovery from laboratory core flood of carbonate rock and sandstone rock (at
high temperature and high salinity).
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II.2

Effect of Seawater Water on Oil Recovery
Because don't find Literature review about Effect the gaberoun water on
oil recovery so we need to discussing effect of seawater on oil recovery, and
effect of salinity on oil recovery because water of Gaberoun lake is more
salinity than seawater.
Modifying water salinity to increase oil recovery is a relatively new

method that could be applied in many oil fields to unlock millions of barrels of oil.
Several studies, supported by field tests, suggest that additional oil can be
recovered by reducing salinity and/or adding some key ions to the water salts. Oil
reservoirs are classified into sandstones and carbonates and each has relatively
different properties and characteristics. Modifying water salinity could affect oil
recovery in both types although the mechanism and approach could be different.
Seawater, as wettability modifier in chalk, has been studied at different
temperatures. and recent laboratory studies indicate that seawater helps to improve
oil recovery from moderately water-wet fields such as the Ekofisk field (Austad et
al., 2005; Høgnesen et al., 2005; Zhang and Austad, 2005a; Zhang and Austad,
2006). it was observed that high temperature and the presence of sulphate ions
from seawater were the key factors for wettability modifications towards more
water-wet conditions. The water-wetness of the chalk material increased with
increasing temperature and concentration of sulphate in the seawater. Høgnesen et
al (2006) did an experimental and numerical study of seawater imbibition into
preferentially oil-wet, cylindrical chalk cores, but wettability alteration was not
considered. also was observed that the ions. Sulphate (SO4-2), Calcium (Ca2+) and
Magnesium (Mg2+) are key seawater and have the capability to change the rock
surface charges. Yousef, A.A.; et. al., (2010) have studied the impact of ion
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composition on carbonates cores (not chalk) at 100 ˚C and they found out that
there were incremental oil recoveries of about 10% for 10 times diluted seawater
over that of the original seawater. Figure (2) shown the effect of waterflooding on
oil recovery from the High permeability core plugs (HPCP) and low permeability
core plugs (LPCP), composites. The remaining oil saturation after seawater
flooding was about 41% OOIC for HPCP and 51%OOIC for LPCP, The results
show that oil recovery by seawater flooding depends on rock permeability and
injection rate.

Figure 2: Oil recovery by simultaneous seawater injection for both
The HPCP and the LPCP composites at reservoir conditions.
II.3

Effect of Temperature on Oil Recovery

High temperature carbonate reservoirs appeared to be more water-wet compared to
low temperature reservoir, the reservoir temperature are not independent variables, the
acid number (AN) of the crude oil appears to decrease as the reservoir temperature
increase due to increased decarboxylation of the acidic material at high temperatures.
(shimoyarna and johans, 1972).
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In order to illustrate the effect of temperature on oil recovery from chalk cores of
low water wetness, four cores were prepared using a NaCl solution as the formation
brine, and the following tests were performed as showing in figure (3).


First, the cores were imbibed with NaCl brine containing different amounts of
SO42- (0, 1, 2 and 4 times the concentration of SW) at 70C0. The oil recovery
was a little less than 10% including thermal expansion.



The temperature was increased to 100C0 and negligible extra oil was produced.



The imbibing fluid containing 4 times SO42- compared to SW was spiked with
Mg2+ at 100C0 and the oil recovery increased to about 42% of OOIP (curve with
solid circle points). By increasing the temperature to 130C0, the oil recovery
exceeded 60% as is usually observed for water-wet cores.



A similar test for the core imbibed with the fluid containing SW concentration
of SO42- resulted in somewhat lower recovery 30% and 50% of OOIP at 100C0
and 130C0 respectively (curve with diamonds).



The similar test for the core imbibed with the fluid free from SO42- only resulted
in a relative small increase in oil recovery both at 100C0 and 130C0 (curve with
solid squares).



The core imbibed with the fluid containing 2 times SO42- concentration found in
water saturation was spiked Ca2+ .
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Figure 3: Effects of Temperature on Spontaneous Imbibition into
Preferential Oil-Wet Chalk (Zhang Et Al., 2007a).
II.4 Effect of Aging Time on Oil Recovery
Grist et ai (1975) reported that prolonged soaking in brine, before flow of oil,
made the cores more water-wet. Many researchers have demonstrated the effect
of aging on interfacial tension of brine-crude oil systems. This indicates the
importance of the time factor for interfacial equilibrium. (McCaffery, 1972;
Hjelmeland and Larrondo, 1983).
Most investigations found the tendency of interfacial tension to decrease
with time although in the magnitude of minutes (McCaffery, 1972; Hjelmeland
and Larrondo, 1983). Zhou et al (1996) investigated effect of wettability and aging
time on oil recovery. They concluded that wettability has a significant impact on
the imbibition rate. The imbibition rate decreases with increasing aging time
(change from strongly water-wet to less water-wet).
We observed in Figure (4) showing curves for many SO4-2 concentrations
from 0 to 4 times the concentration in ordinary SW. the oil recovery of curve of
SW 1/2S at 100C0 it's increasing from 0% to 18% after 30 days ago. The oil
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recovery of curve of SW at 100C0 it is increasing from 0% to 27% after 30 days
ago. The oil recovery of curve of SW2S at 100C0 it is increasing from 0% to 33%
after 30 days ago. The oil recovery of curve of SW3S at 100C0it is increasing
from 0% to 44% after 30 days ago. The oil recovery of curve of SW4S at 100C0 it
is increasing from 0% to 50% after 30 days ago.
In Figure (4), we observed every curves have same sulfate-modified
concentration and at same temperature (70C0) but the difference in a long time
was cause to increase oil recovery

Figure 4: Oil recovery by spontaneous imbibition of sulfate-modified
SW into chalk cores at 100 C0 (zhang and austad, 2006).
Figure (5), showing curves for Ca+2 concentration in SW was varied from
zero to 4 times. The concentration in SW. The oil recovery of curve of SW0Ca at
70C0 it is increasing from 0% to 38% after 60 days ago. The oil recovery of curve
of SW1/2Ca at 70C0 it is increasing from 0% to 39% after 60 days ago. The oil
recovery of curve of SW at 70C0 it is increasing from 0% to 50% after 60 days
ago. The oil recovery of curve of SW3Ca at 70C0 it is increasing from 0% to more
than 60% after 60 days ago. The oil recovery of curve of SW4Ca at 70C0 it is
increasing from 0% to about 65% after 60 days ago.
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Figure 5: Oil recovery by spontaneous imbibition of Ca+2 modified
SW into chalk cores at 70C0 (zhang et al., 2006).
We observed every curves have same Ca+2 concentration and at same
temperature (70C0). But the difference in a long time was cause to increase oil
recovery.
II.5

Wetting in Sandstone and Carbonate Rock
Type of mineral surface also determines wettability. Treiber et al. (1972) and
Chilingar and Yen (1983) found that carbonate reservoirs are typically more oilwet than sandstone reservoirs. This occurs because sandstone has a negative
surface charge (acidic surface) in water near neutral pH and carbonates have
positively charged weakly basic surfaces. These surfaces preferentially adsorb
compounds of opposite polarity through acid-base reactions. The polar
compounds (nitrogenous, basic) found in crude oil render sandstone oil-wet
whereas the acidic compounds (naphthenic acid and carboxylic acid) found in
crude oil render carbonates oil-wet.

II.5.1 Wetting in Sandstone Rocks
Sandstone is composed of many different minerals, minerals of the silica type are
negatively charged at the relevant pH range of the formation water. The clay
01

minerals that are most strongly adsorbed by polar components from crude oil,
and clays therefore act as cation exchangers. The relative affinity of cations
toward the clay surface is regarded it be: H+> Ca2+> Mg 2+> K+> Na+> Li+. The
proton H+ is most reactive cation toward the clay even though the concentration
of H+ is very low in the PH range between 6 and 8. In competition with cation.
Both basic and acidic material can adsorb onto the clay surface and make the clay
preferential oil-wet. The adsorption of basic and acidic material onto the clay is
very sensitive to the PH, and it can change dramatically within the ph. range
5<PH<8 (Burgos et al., 2002; madesn and lind,1998; rezaeidoust et al., 2011).
The adsorption of both basic and acidic material from the crude oil appeared to
increase as the PH decrease to about five.
II.5.2 Wetting in Carbonate Rocks
The carbonate surface is positively charge, the carboxylic material in crude oil, crude
oil components containing the carboxyl group –COOH are mostly found in the heavy
end fraction of crude oils (Speight, 1999). The bond between the negatively charged
carboxylic group –COO-, and positively charged sites on carbonate surface is very
strong, and large molecules will cover the carbonate surface. The figure (6) showing
spontaneous imbibition of water into chalk cores saturated with oil of different acid
number. The imbibition rate and oil recovery decrease dramatically as the acid
number of oil increase. The chemical properties of the carboxylic material in the
crude oil also effect the wetting properties (fathi et al., 2011). also the composition of
the formation water can effect the wetting properties as well, sulfate is the most active
ion regarding wetting properties in carbonates due to the high concentration of Ca2+ in
the formation brine and especially in combination with high temperatures , the
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presence of sulfate in the formation water will increase the water wetness
(shariatpanahi et al.,2011).

II.6

Figure 6: Spontaneous imbibition into chalk cores saturated
with different oils (standers and austad, 2000a).
Spontaneous Imbibition
Spontaneous imbibition may be defined as the displacement of non-wetting fluid
by wetting fluid by the action of capillary forces alone. The process occurs when
a porous media saturated with non-wetting fluid, then immersed or brought in
contact with wetting fluid. On the other hand, another words Spontaneous
imbibition is the process during which the wetting fluid enters the rock matrix
due to capillary forces and displaces the non-wetting phase (Morrow, 1970).
There are 2 types of imbibition possible (counter-current and co-current):

1. Co-current imbibition occurs when both the inlet and outlet are open to an
invading fluid, or in other words both displacing and displaced fluid moves in the
same direction.
2. Countercurrent imbibition occurs when only one of the ends (inlet) is open, or
displacing and displaced fluid moves in opposite direction.
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Both imbibition mechanisms are of equal importance in understanding reservoir
imbibition phenomenon. Bourblaux and Kalaydjian (1990) performed co-current
and counter-current spontaneous imbibition on a water-wet core. They concluded
that the rate of counter-current oil production is much slower than during cocurrent flow. However, the final recovery of co-current. Imbibition is slightly
higher than in counter-current imbibition. Pooladi-Darvish and Firoozabadi
(2000) modeled co- and counter-current imbibition in water wet rocks.
According to their findings, when porous media are partially covered by water,
flow is dominated by co-current imbibition. They also concluded that oil
recovery from concurrent imbibition is higher than the one from the countercurrent. There are numerous parameters affecting spontaneous imbibition
dynamics. Spontaneous imbibition depends on rock (permeability, size,
wettability, heterogeneity, boundary conditions) and fluid (viscosity, interfacial
tension) properties. It was found by several authors that the initial water
saturation has a great impact on the imbibition rate and final oil recovery. Ma et
al (1999) concluded that the water/oil viscosity ratio affects only imbibition rate,
but not the ultimate recovery. It was observed that a low oil viscosity resulted in
faster oil recovery.
II.7

Amott Cell

The Amott Method is an empirical method based on spontaneous imbibition and
drainage with the use of Amott cells, like that shown in Figure (7) and forced
imbibition and drainage by for example a centrifuge.
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Figure 7: Amott Cell with a Core Saturated with Oil
and Surrounded By Water. (Figure is Free From Torsæter
and Abtahi (2003) and Glover (2011)).
The spontaneous imbibition Amott test consists of placing an oil-saturated
core sample in a brine filled Amott cell. An adequate time between brine filling
and sample immersion is necessary to ensure a constant, homogeneous
temperature profile in the brine. The volume of oil expelled can accurately be
measured by reading the graduation on the cell. Amott test is based on the
spontaneous imbibition and forced imbibition of wetting fluid in the rock sample
(generally cylindrical in shape).
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CHAPTER III: EXPERIMENTAL MATERIALS AND
EQUIPMENTS
III.1

Experimental Materials

Materials that used in this experimental including: 1. Core Samples: Figure (8) it is sandstone and carbonate cores. Those cores it is
taken from X-field.

Figure 8: Sandstone and Carbonate Cores That
Used for This Study.
2. Distillate Water: We needed distillate water, which without salts for most of
experimental preparations as shows in Figure (9).

Figure 9: Distillate Water Container That
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Used for This Study.
3. Oil samples: Figure (10) shown three types of oil that used in this
experimental. These three types of oil have different compositions. The
following is discussing of composition and Density of these three types of oil.
Table 1: compositional of Oil Sample of Hamada Field (V32).
Component
Hexane
Heptane
Octane
Nonane
Decane
n-Undecane
n-Dodecanes
n-Tridecanes
n-Tetradecanes
n-Pentadecanes
n-Hexadecanes
n-Heptadecanes
n-Octadecanes
n-Nonadecanes
n-Eicosane
n-Heneicosane
n-Docosane
n-Tricosane
n-Tetracosane
n-Pentacosane
n-Hexacosane
n-Heptacosane
n-Octacosane
n-Nonacosane
n-Triacontane
n-Hentriacontane
n-Dotriacontane
n-Tritriacontane
n-Tetratriacontane plus
_______________
Total

Formula
C6H14
C7H16
C8H18
C9H20
C10H22
C11H24
C12H26
C13H28
C14H30
C15H32
C16H34
C17H36
C18H38
C19H40
C20H42
C21H44
C22H46
C23H48
C24H50
C25H52
C26H54
C27H56
C28H58
C29H60
C30H62
C31H64
C32H66
C33H68
C34H70+
_______
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Flashed Liquid
Mole%
3.24
6.94
13.53
12.38
11.05
8.78
6.83
6.87
4.80
4.17
3.05
3.04
2.76
2.48
1.59
1.46
1.32
0.99
0.89
0.74
0.66
0.59
0.50
0.31
0.25
0.24
0.22
0.18
0.13
________
100.00

Table 2: Compositional of Oil Sample of Hamada Field (V2).
Component
Hexane
Heptane
Octane
Nonane
Decane
n-Undecane
n-Dodecanes
n-Tridecanes
n-Tetradecanes
n-Pentadecanes
n-Hexadecanes
n-Heptadecanes
n-Octadecanes
n-Nonadecanes
n-Eicosane
n-Heneicosane
n-Docosane
n-Tricosane
n-Tetracosane
n-Pentacosane
n-Hexacosane
n-Heptacosane
n-Octacosane
n-Nonacosane plus
_______________
Total

Formula
C6H14
C7H16
C8H18
C9H20
C10H22
C11H24
C12H26
C13H28
C14H30
C15H32
C16H34
C17H36
C18H38
C19H40
C20H42
C21H44
C22H46
C23H48
C24H50
C25H52
C26H54
C27H56
C28H58
C29H60+
_______

Flashed Liquid
Mole%
3.99
8.08
14.71
12.74
10.69
8.81
7.15
6.88
4.70
4.05
2.89
2.72
2.52
2.30
1.41
1.31
1.19
0.89
0.74
0.60
0.53
0.46
0.36
0.26
________
100.00

Figure 10: Three Types of Oil That
Used for This Study.
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Table 3: Compositional of Oil Sample of G.O.S.P Jackhix Field.

Component
Hexane
Heptane
Octane
Nonane
Decane
n-Undecane
n-Dodecanes
n-Tridecanes
n-Tetradecanes
n-Pentadecanes
n-Hexadecanes
n-Heptadecanes
n-Octadecanes
n-Nonadecanes
n-Eicosane
n-Heneicosane
n-Docosane
n-Tricosane
n-Tetracosane
n-Pentacosane
n-Hexacosane
n-Heptacosane
n-Octacosane
n-Nonacosane
n-Triacontane
n-Hentriacontane
n-Dotriacontane
n-Tritriacontane
n-Tetratriacontane
n-Pentatriacontane plus
_______________
Total

Formula
C6H14
C7H16
C8H18
C9H20
C10H22
C11H24
C12H26
C13H28
C14H30
C15H32
C16H34
C17H36
C18H38
C19H40
C20H42
C21H44
C22H46
C23H48
C24H50
C25H52
C26H54
C27H56
C28H58
C29H60
C30H62
C31H64
C32H66
C33H68
C34H70
C35H72+
_______
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Flashed Liquid
Mole%
2.92
3.45
6.27
6.54
6.44
6.44
5.78
6.93
5.89
6.11
4.76
4.69
4.90
4.48
3.39
3.34
2.92
2.66
2.18
1.90
1.58
1.55
1.21
1.11
0.69
0.66
0.45
0.33
0.24
0.20
________
100.00

Table 4: Density of Oil Sample of Hamada Field (V32).
Temperature, Co

Density, gm/cc

15.6

0.8420

20

0.8390

30

0.8318

40

0.8250

Table 5: Density of Oil Sample of Hamada Field (V2).
Temperature, Co

Density, gm/cc

15.6

0.8439

20

0.8410

30

0.8337

40

0.8267

Table 6: Oil Sample Which Taken of G.O.S.P Jackhix Field.

4. E.D.T.A

Temperature, Co

Density, gm/cc

15.6

0.8560

20

0.8522

30

0.8435

40

0.8357

Solution of N 0.01: (Ethylene Diamine Tetra Acetric Acid) It is

chemical material used to determine amount of calcium and magnesium in
gaberoun water as shows in Figure (11).
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Figure 11: E.D.T.A Solution of N 0.01 That
Used for This Study.
5. PH=10 Organizer Solution: It is chemical material used to determine amount
of calcium and magnesium in gaberoun water as shows in Figure (12).

Figure 12: PH=10 Organizer Solution That
Used for This Study.
6. Gaberoun Water: Gaberoun water is taken from Gaberoun Lake in awbari
desert as showing in the Figure (13). This water it is used for spontaneous
imbibition.

Figure 13: Water of Gaberoun Lake That
Used for This Study.
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7. Ph.Ph Solution: Used this material to determine acidity as shows in Figure
(14).

Figure 14: Ph.Ph Solution That
Used for This Study.
8. EBT Guider Powder: Material used to determine amount of calcium and
magnesium in gaberoun water as show in Figure (15).

Figure 15: EBT Guider Powder That
Used for This Study.
9. Murexide Guider Powder: Material used to determine amount of calcium in
gaberoun water as shows in Figure (16).
10. NaOH N 0.02 Solution: Figure (17) is sodium hydroxide solution it used to
determine amount of calcium in gaberoun water.
11. Sodium Chloride (NaCl) Powder: Figure (18) it's Chloride sodium powder
that used to preparing brine solution.
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Figure 16: Murexide Guider Powder That
Used for This Study.

Figure 17: NaOH N 0.02 Solution That
Used for This Study.

Figure 18: Chloride Sodium (NaCl) Powder
That Used for This Study.
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III.2

Experimental Equipments

1. pH meter (thermo scientific Orion 4-star): A pH meter is an instrument used
to measure acidity or alkalinity of a solution - also known as pH.in this
research, we use thermo scientific Orion 4-star type of pH meter like showing
in the figure (19).

Figure 19: pH Meter That Used for This Study.
2. Density Bottle: We used Density bottle with known volume 25 ml as showing
in the Figure (20).

Figure 20: Density Bottle with Known Volume 25 ml
That Used for This Study.
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3. Burette and Burette Bearer: It's grandstand tube made from glass we used in
measurement of calcium, magnesium and acidity experiment as showing in
Figure (21).

Figure 21: Burette and Burette Bearer
That Used for This Study.
4. Cup: Figure (22) it's glass cup which used in often water analysis
experimental.

Figure 22: Glass Cup That Used for This Study.
5. Pipette: The pipette in the Figure (23) it used to take accurately volume water
in water analysis experimental.
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Figure 23: Pipette That Used for This Study.
6. Standard Decanter: Used standard decanter to contain gaberoun water
samples look at Figure (24).

Figure 24: Standard Decanter That Used for This Study.
7. Conical Decanter: Used pellicular conical decanter which showing in Figure
(25) in measurement of calcium, magnesium and acidity experimental to
observing change colours.
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Figure 25: Conical Decanter That Used for This Study.
8. Vernier Caliper: Vernier caliper it used to take accurately dimensions and in
this experiment, we used vernier caliper to take dimension of cores sample to
measure balk volume, look at Figure (26).

Figure 26: Vernier Caliper That Used for This Study.
9. Oven: This oven, which in Figure (27) used to up temperature to different degree
from (30 C to 80 C0) in spontaneous imbibition tests.

Figure 27: Oven That Used for This Study.
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10.

Vacuum pump: Vacuum pump is used to deflating air from vacuum
chamber. The vacuum pump showing in Figure (28).

Figure 28: Vacuum Pump That Used for This Study.
11. Vacuum Chamber: Pellicular vacuum chamber which in it done deflating air.
This chamber used first to saturate carbonate and sandstone sample with brine
solution in pore volume experiment.

Second to saturate carbonate and

sandstone sample with oil as showing in Figure (29).

Figure 29: Vacuum Chamber That Used for This Study.
12. Baker with Capacity Of 1000ml: This baker used as oil saturation container as
showing in Figure (30).
13. Paper tape: paper tape that showing in figure (31) it used to close orifice of
imbibition cell.
19

14. Aluminum Foil: Aluminum foil which showing in the Figure (32) it's made from
Aluminum foil alloy and we used to severely close orifice of imbibition cell after
laboratory stopper.

Figure 30: Baker with Capacity of 1000ml That
Used for This Study.

Figure 31: Paper Tape That Used for This Study.
15. Aluminum Wire: We used this wire in Figure (33) to hang rubber stopper on
close orifice of imbibition cell.
16. Laboratory Stopper: Laboratory stopper which in Figure (34) (it's made from
rubber and used to close orifice of imbibition cell with aluminum foil).
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Figure 32: Aluminum Foil That Used for This Study.

Figure 33: Aluminum Wire That Used for This Study.

Figure 34: Laboratory Stopper That Used for This Study.
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CHAPTER IV: EXPERIMENT PROCEDURES
Figure (35) showing divided three stages of this experimental.
PH measurement
Salinity measurement
Conductivity
measurement

Water analysis

Total dissolved solids
(TDS) measurement
Density measurement
Calcium and magnesium
measurement
Acidity measurement

Core sample cutting

Experiment
procedures

Core sample cleaning

Core sample
prepration

Porosity measurement
Oil satruration
OOIP measurement

at room temperature
at 30C0

Spontaneous
imbibition test

at 40C0
at 50C0
at 60C0
at 70C0
at 80C0

Figure 35: Flow Sheet Showing Experiment Procedures.
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IV.2

Water analysis

IV.1.1 Procedures of the PH, Salinity, Conductivity and TDS Measurement.
1. Clean the electrode with distilled water as showing in Figure (36).

Figure 36: Clean the Electrode.
2. Put the sample water (gaberoun water) which want measure it properties in
small baker as showing in Figure (37)

Figure 37: Put Gaberoun Water in Small Baker.
3. Put the electrode in baker as showing in Figure (38).
4. Press the measure switch in pH meter as showing in Figure (39)
5. Take the reading from pH meter screen.
6. Repeat the steps via change water sample for many times.
7. Take the results and compute the average of this result for each (pH, ms/cm,
PPT and mg/L).
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Figure 38: Electrode in Baker.

Figure 39: Press Measure Switch in PH Meter.
IV.1.2 Procedures of the Density Measurement:
1. We want to use bottle with known it volume (25 ml) as showing in the Figure
(40).
2. Weight the bottle without water.
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Figure 40: Bottle with Volume (25 ml).
3. Filling the bottle with water.
4. Weight the bottle with water as showing in Figure (41).

Figure 41: Weight Bottle With Water.
5. Subtract weight of bottle without water from weight the bottle with water to
get water weight.
6. Compute the density of water by following equation:

ρ𝑤 =

𝑤𝑤
𝑣𝑤

Where: ρ𝑤 : Density
𝑤𝑤 : 𝑤𝑎𝑡𝑒𝑟 𝑤𝑒𝑖𝑔ℎ𝑡
𝑣𝑤 ∶ 𝑤𝑎𝑡𝑒𝑟 𝑣𝑜𝑙𝑢𝑚𝑒
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7. Repeat the steps above for many times and record results and take average of
it.
IV.1.3 Procedures of the Hardness Measurement:
To calculate amount of Calcium and magnesium in water first we calculate
amount of Ca only then calculate amount of Ca and Mg together. To getting
amount of magnesium, we subtracting amount of calcium from amount of
calcium and magnesium together.
First: - Procedures of the Calcium measurement:
1.

Fill 10ml of water sample in conical decanter by using pipette.

2.

Add 1ml from NaOH by using pipette.

3. Add little amount of murexide powder. We note change color of water
sample to pink colour as showing in Figure (42).

Figure 42: Change Color of Water Sample to Pink Color.
4.

Fill EDTA solution at concentrating 0.01mole in the burette as showing in
Figure (43).

5.

Add some drops from EDTA solution that existed in burette to water sample
existed in conical decanter to change in the colour from pink to amethyst.
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Figure 43: Fill EDTA Solution in Burette.
6.

We can calculate amount of Ca by using following equation.

Ca =

𝑣EDTA ∗40∗1000∗0.01

vc

Where:Ca: - amount of Calcium.

𝑣EDTA : - average of Ca of consuming volume of EDTA solution.
vc ∶ −average of water sample volume.
7.

Repeat the steps above for many times and record results and take average of
it.
Second: - Procedures of measurement the Calcium and magnesium
together.

1.

Fill burette by EDTA.

2.

Fill 10ml of water sample in conical decanter and add 1ml from ph10.

3.

Add some drops of EDTA by using burette even change the colour.
Note: When add EDTA we noting change in the colour from pink to blue.
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4.

To calculate amount of calcium and magnesium we using following
equation.

Ca.Mg /L =

(𝑣EDTA1 −𝑣EDTA )∗24∗1000∗0.01
vc

Where:-

𝑣EDTA1 : Average of Ca and Mg consuming volume from EDTA solution.
𝑣EDTA : Average of Ca consuming volume from EDTA solution.
Vc: average of water sample volume.
IV.1.4 Acidity Measurement
1. Fill NaOH solution at concentrating 0.02 mole in the burette.
2. Fill 10ml from water sample in conical decanter by using pipette.
3. Add three drops from (Ph.Ph).
We note change in colour to pink.
4.

Add some drops from NaOH by using burette until change the colour from
pink to blue.

5. To calculate the acidity we can use the following equation.

Ac=

𝑉NaOH ∗𝐶NaOH
𝑉𝐶

Where
Ac = Acidity.
𝐶NaOH = NaOH concentration.
𝑉𝐶 = volume of water sample.
𝑉NaOH = consuming volume of NaOH.

18

6. Repeat the steps above for many times and record results and take average
of it.
IV.2

Core Sample Preparation:

IV.2.1 Core Sample Cutting:
Figure (44) showing setting the core in cut device during preparing the core to
cutting.

Figure 44: Core in Cut Device.
Figure (45) showing core sample after finished from cutting process.

Figure 45: Core Sample after Finished Cutting Process.
Figure (46) Showing core sample it is already to using in experiment.
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Figure 46: Core Sample it is ready To Using In Experiment.
IV.2.2 Core Sample Cleaning
Cleaning core sample done with water because we do not have potential to
cleaning the core sample by using chemical materials (such as use toluene or
acetone to remove hydrocarbons, and may be use methanol to remove the salts
from pores).
IV.2.3 Porosity Measurement (ɸ)
To measurement the porosity of sandstone and carbonate rock we need to
measurement pore volume (PV) and measurement bulk volume (BV)

ɸ=

(PV)
BV

Where: ɸ = porosity.
PV = pore volume.
BV = 𝑏𝑢𝑙𝑘 𝑣𝑜𝑙𝑢𝑚𝑒.
IV.2.3.1

Bulk Volume (BV)

Calculate a core samples dimension by using vernier caliper then calculate volume of
core samples (cylinder volume) to get bulk volume (BV) as showing in Figure (47).
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Figure 47: Calculate Volume of Samples By
Using Vernier Caliper.

IV.2.3.2

Pore Volume (PV)

1. Must saturate the core sample of sandstone and carbonate by brine solution. Then
subtract weight of dry core from weight saturated core with brine solution to get
weight of brine solution.
2. Can get volume of brine solution by divide by (weight on density) of brine
solution.
3. Volume of brine it is equal pore volume (PV).
IV.2.3.2.1

Preparing of Brine Solution

Brine solution: it is salt solution with concentration 3%.
1. Put 3.5 liter of distillate water in vacuum chamber.
2. Put amount of Chloride sodium (NaCl) powder in distillate water in vacuum
chamber.
3. Move the solution to along time (30 minutes) to dissolve sodium Chloride powder
(NaCl) in distillate water as showing in Figure (48).
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Figure 48: Preparing of Brine Solution.
4. To calculate the amount of Chloride sodium (NaCl) which will add to distillate
water to get 3% of concentration of brine solution must use the following
equation.

* Amount of (NaCl) =

*amount of (NaCl) =

IV.2.3.2.2

(wt %)∗(distillate water with milliliter)
(100−wt %)

(3%)∗(3500 ml)
(100−3 %)

=108.24742 gram

Steps of Core Samples Saturation with Brine Solution.

1. Put core sample and brine solution in vacuum chamber.
2. Close vacuum chamber and accouplement pump vacuum with vacuum chamber
by using pipe.

3. Run the pump vacuum to allow air to out from vacuum chamber as showing in
Figure (49) and observing out the air from core sample pores.
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Figure 49: Vacuum System.
4. Let the system running to a long time to ensure of saturation the core sample by
brine solution (2 days or more). The following it is some figures that showing
core sample during saturate by brine solution process.

Figure 50: Vacuum Chamber before Moment of Run Pump Vacuum.

Figure 51: Vacuum Chamber during Run Pump Vacuum.
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IV.2.4 Oil Saturation
1.

After saturate core sample with brine solution we need to dry core sample, so
put core samples in oven at temperature allow brine solution to evaporation
from pores as showing in Figure (52).

Figure 52: Core Sample in Oven.
2.

Weight core sample after dry it from brine solution to use this weight in
OOIP measurement.
Note: - To saturate core sample with oil we use baker with capacity 1000ml
as oil saturation container.

3.

Put core samples in the container.

4.

Fill the container that consist core sample with oil as showing in Figure (53).

Figure 53: Container That Consist Core Sample with Oil.
5.

Put the container in vacuum chamber as showing in Figure (54).
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Figure 54: Oil Saturation Container in Vacuum Chamber.

6.

Run pump vacuum to allow of air bubble to move out from pores of core
sample and saturating it with oil and that for half clock as showing in Figure
(55).

Figure 55: Air Bubble to Move Out From Pores of Core Sample.
7.

Out the container from vacuum chamber.

8.

Close container orifice by using aluminum foil and paper tape.

9.

Put the container in oven at temperature 70C0 as showing in Figure (56).

Figure 56: Oil Saturation Container in Oven.
Note: - we put the container in oven at temperature 70C0 at about 12 days to get
maximum oil saturation.
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IV.2.5 OOIP Measurement
1.

Take out the core sample after saturated it with oil from container as
showing in Figure (57).

2.

Weight the core sample after saturated it with oil to use this weight in
OOIP measurement as showing in Figure (58).

Figure 57: Take Out Core Sample after Saturated it with Oil.

Figure 58: Weight The Core Sample after Saturated it With Oil.
3.

We can use the following equation to calculate OOIP of carbonate and
sandstone core samples.

OOIP=

𝑤𝑐𝑠−𝑤𝑐𝑑
ρo

Where:
OOIP: - original oil in place
𝑤𝑐𝑠: - weight of saturation core sample
𝑤𝑐𝑑: - weight of dry core sample
ρo : - density of oil
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IV.2.6 Spontaneous Imbibition Test
Note: - we used pipes as showing in Figure (59) as anagram of amott cell.

Figure 59: Pipes Used as Anagram of Amott Cell.
1.

Put core sample that saturated it with oil in spontaneous imbibition pipes as
showing in picture (60).

Figure 60: Put Core Sample in Spontaneous Imbibition Pipes.
2.

Fill spontaneous imbibition pipes that consist core sample by gaberoun
water as showing in Figure (61).

3.

Take the result of oil production from pipe gradation at room temperature.

4.

Raise the temperature to 30C0 and take the result of oil production after
constant the result of oil production at room temperature.

5.

Raise the temperature to 40C0 and take the result of oil production after
constant the result of oil production 30C0.
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Figure 61: Fill spontaneous imbibition pipes by gaberoun water and start production.
6.

Continuing rising the temperature to upper degree and take the results of oil
production after constant the results of oil production of each degree.
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CHAPTER V: EXPERIMENTAL RESULTS
V.1 (pH, Conductivity, Salinity and TDS) Results
In table (7) result of four samples of each of pH and Conductivity and Salinity
and TDS. We observed average pH of four samples of gaberoun water was
10.1075 and average conductivity of gaberoun water was 128.925 cs/cm.
Table 7: Original gaberoun water Results of (pH, Conductivity ms/cm,
Salinity PPT, TDS mg/L).
Test
pH
Conductivity (cs/cm) Salinity (PPT) TDS (mg/L)
1

10.09

117.1

9999

9999

2

10.09

131.3

9999

9999

3

10.11

132.3

9999

9999

1

10.11

131

9999

9999

Average

10.1071

129.921

9999

9999

In original concentration of gaberoun water , the salinity and total
dissolved salts can't be read it ; because it values are above the ability of the
device( pH meter) to read it so the device read it at maximum ability of read
(9999 PPT of salinity) and (9999 mg/L of TDS) so it need to reducing the
concentration to :1.

Take 0.1ml of Gaberoun water and mix it with 10ml of distilled water
(0.1:10) and measure (pH, conductivity, salinity, TDS) for many times
and take average of results.

2.

Take 0.2ml of Gaberoun water and mix it with 10ml of distilled water
(0.2:10) and measure (pH, conductivity, salinity, TDS) for many times
and take average of results.
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3.

Take 0.3ml of Gaberoun water and mix it with 10ml of distilled water
(0.3:10) and measure (pH, conductivity, salinity, TDS) for many times
and take average of results.

4.

Take 0.4ml of Gaberoun water and mix it with 10ml of distilled water
(0.4:10) and measure (pH, conductivity, salinity, TDS) for many times
and take average of results.

5.

Take 0.5ml of Gaberoun water and mix it with 10ml of distilled water
(0.5:10) and measure (pH, conductivity, salinity, TDS) for many times
and take average of results.

After reducing gaberoun water First at 1:100 we getting the results which listed
in table (8) we observed read the device to salinity and TDS and read another
results of PH and Conductivity look at results and average results in table (8).
Table 8: Results of (pH, conductivity, salinity and TDS) at concentration (1:100).
Test

pH

Conductivity (µs/cm)

Salinity
(PPT)

TDS
(mg/L)

1

10.71

1132

0.7

702

2

10.72

1002

0.1

191

3

10.7

1022

0.1

101

1

10.09

1070

0.1

121

Average

10.7121

1131.1

0.11

111.1

Table (9) and Table (10) showed results and average results of PH,
conductivity, salinity and TDS after reduced the concentration of Gaberoun water
at 2:100 and 3: 100, respectively.
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Table (11) and Table (12) showed results and average results of PH,
conductivity, salinity and TDS after reduced the concentration of Gaberoun water
at 4:100 and 5: 100, respectively.
Table 9: Results of (pH, conductivity, salinity and TDS) at concentration (2:100).
Test

pH

Conductivity (µs/cm)

Salinity (PPT) TDS (mg/L)

1

10.99

902

0.1

102

2

10.97

711

0.1

303

3

10.93

101

0.3

271

1

10.91

092

0.3

339

Average

10.91

099

0.31

311.71

Table 10: Results of (pH, conductivity, salinity and TDS) at concentration (3:100).
Test

pH

Conductivity (µs/cm)

Salinity (PPT)

TDS (mg/L)

1

10.92

1291

0.0

031

2

10.92

1200

0.0

021

3

10.79

1311

0.7

001

1

10.77

1319

0.7

010

Average

10.9

1309.1

0.01

011.1

Table 11: Results of (pH, conductivity, salinity and TDS) at concentration (4:100).
Test

pH

Conductivity (ms/cm) Salinity (PPT)

1

10.77

1.11

2.1

2191

2

10.79

1.30

2.3

2131

3

10.79

1.31

2.3

2127

1

10.79

1.10

2.2

2010

Average

10.7921

1.3121

2.271

2113
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TDS (mg/L)

Table 12: Results of (pH, conductivity, salinity and TDS) at concentration (5:100).
Test

pH

Conductivity (µs/cm)

Salinity (PPT)

TDS (mg/L)

1

10.79

1117

0.7

711

2

10.9

2211

1.1

1093

3

10.9

1729

0.9

911

1

10.79

2379

1.2

1101

Average

10.791

1913.1

0.971

911.71

V.2

Density Result
The table (13) showed the comparison between density of primary sample of
each of Gaberoun water and distillation water and normal water pro.sep. Water
and sur. tank water.
Table 13: Density of primary sample of Gaberoun water.
Water

Wdry

Wsat

Wwater

Vwater

Density(g/mL)

Gaberoun water

21.223

12.191

27.919

21

1.11932

Pure water

21.223

19.9023

21.079

21

0.997

Normal water

21.223

19.91

21.017

21

0.991

Pro.sep.water

21.232

19.019

21.920

21

0.99301

Sur.tank water

21.232

19.091

21.913

21

0.99112

Table (14) showed the comparison between density of secondary sample
of each of gaberoun water and distillation water and normal water Pro.sep.water
and sur. tank water. Table (15) showed the comparison between density of
tertiary sample of each of Gaberoun water and distillation water and normal
water Pro.sep.water and sur. tank water.
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Table 14: Density of secondary sample of Gaberoun water.
Water

Wdry

Wsat

Wwater

Vwater

Density(g/mL)

Gaberoun water

21.223

12.101

27.979

21

1.111

Pure water

21.223

19.999

23.999

21

0.911

Normal water

21.223

19.973

21.012

21

0.990

Pro.sep.water

21.232

19.019

21.912

21

0.99109

Sur.tank water

21.232

19.072

21.91

21

0.9930

Table 15: Density of tertiary sample of gaberoun water.
Water

Wdry

Wsat

Wwater

Vwater

Density

Gaberoun water

21.223

12.127

27.901

21

1.110

Pure water

21.223

19.991

21.072

21

0.990

Normal water

21.223

19.910

21.093

21

0.997

Pro.sep.water

21.232

19.011

21.919

21

0.99270

Sur.tank water

21.232

19.001

21.772

21

0.9909

Table (16) showed the comparison between density of last sample of each
of gaberoun water and distillation water and normal water Pro.sep.water and sur.
tank water.
Table 16: Density of last sample of Gaberoun water.
Water

Wdry

Wsat

Wwater

Vwater

Density

Gaberoun water

21.223

12.091

27.909

21

1.111

Pure water

21.223

19.901

21.091

21

0.997

Normal water

21.223

19.999

21.071

21

0.997

Pro.sep.water

21.232

19.010

21.921

21

0.99290

Sur.tank water

21.232

19.901

21.732

21

0.9992
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V.3 Calcium and Magnesium Results (Ca and Mg Results)
V.3.1

Calcium Results (Ca Results)

During calculate amount of calcium done calculate average of consuming volume
of EDTA solution and used the average in calcium measurement equation to get
result more accuracy of Calcium results. The average consuming volume of
EDTA solution and amount of calcium listed in table (17).
Table 17: Showed average consuming volume of EDTA solution and amount of
calcium.
Water
sample

water sample volume

1
2
3
1
Average

10
10
10
10
10

consuming volume of
EDTA solution
0.3
0.1
0.2
0.0
0.371

Ca mg/L

11

V.3.2 Calcium and Magnesium Results (Ca and Mg Results)
During calculate amount of calcium and magnesium done calculated average of
consuming volume of EDTA solution. Used this average in calcium and
magnesium measurement equation; to get result more accuracy of Calcium and
magnesium results as showed in table (18).
Table 18: Showed average consuming volume of EDTA solution and amount of
calcium.
Water
sample

water sample
volume

consuming volume from
EDTA solution

Ca.Mg mg/L

1
2
3
1
Average

10
10
10
10
10

1.2
2.0
2.1
3.1
3.071

64.8
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V.3.3 Magnesium Results (Mg Results)
To get the amount of magnesium must subtract amount of calcium from amount
of Calcium and magnesium together.
Amount of magnesium = (Ca.Mg mg/L) – (Ca mg/L).
Amount of magnesium = (64.8) – (15) = 49.8 mg/ L.
V.4

Acidity Results.
Table (18) listed the amount of acidity of four samples of gaberoun water and
average of these samples.
Table 19: Acidity Results.

Sample

Consuming volume of NaOH (ml)

Acidity

1

1

0.002

2

1.3

0.0020

3

1.1

0.0022

1

1.3

0.0020
0.00231

Average

V.5

Bulk Volume Results.

V.5.1 Bulk Volume of Carbonate Core Samples Results.
By using cylinder volume base done calculated bulk volume of 14 core samples
of carbonate reservoir with different volume, the bulk volume of 14 core samples
listed in Table (20).
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Table 20: Bulk volume of carbonate core samples.
Name sample

Length

Diameter

Bulk volume (Bv)
Bv= πr 2 L(ml3)

(L)

(r)

C201

7

2.5

34.3609

C202

6.9

2.5

33.7800

C203

7.4

2.5

36.3243

C204

6.8

2.5

33.3791

C205

6.6

2.5

32.3974

C206

6.7

2.5

32.8882

C207

5.8

2.5

28.4704

C208

5.3

2.5

26.0161

C209

6.8

2.5

33.3791

C210

5.1

2.5

25.0343

C211

3.4

2.5

16.6895

C212

4.7

2.5

23.0708

C213

5.2

2.5

25.5252

C214

4.4

2.5

21.5982

V.5.2 Bulk Volume of Sandstone Core Sample Results.
By using cylinder volume base done calculated bulk volume of 16 core samples
of sandstone reservoir with different volume, the bulk volume of 16 core samples
listed in the table (21).
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Table 21: Bulk volume of sandstone core samples.
Length

Diameter

(L)

(D)

S101

8.1

2.5

39.7604

S102

6.1

2.5

29.9430

S103

7.8

2.5

38.2878

S104

7.9

2.5

38.7787

S105

6.3

2.5

30.9248

S106

7.9

2.5

38.7787

S107

6.6

2.5

32.3974

S108

7.9

2.5

38.7787

S109

8

2.5

39.2696

S110

7.8

2.5

38.2787

S111

7.2

2.5

35.3426

S112

6.9

2.5

33.8700

S113

7

2.5

34.3609

S114

5.3

2.5

26.0161

S115

6.6

2.5

32.3974

S116

4.7

2.5

23.0708

Name sample

V.6

Pore Volume Results.

V.6.1

Pore Volume of Carbonate Core Samples Results.

Bulk volume(Bv)
Bv= πr 2 L(ml3)

By calculate volume of brine solution 3% concentration which inter to pore space
done calculate pore volume of carbonate reservoir core samples which listed in
Table (22).
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V.6.2

Pore Volume of Sandstone Core Samples

By calculate volume of brine solution 3% concentration which inter to pore space
done calculate pore volume of sandstone reservoir core samples which listed in
Table (23).
Table 22: Pore volume of carbonate reservoir.
Name
sample

Dry
weight

Saturated
weight

Weight of
fluid

Density of
brine solution

Pore volume
(Pv) (ml3)

C201

63.4475

72.7632

9.3117

1.0109

9.2101

C202

63.7974

72.4402

9.0129

1.0109

9.1101

C203

68.0548

76.8656

9.9109

1.0109

9.7100

C204

63.6038

72.1335

9.1297

1.0109

9.1279

C205

60.5001

68.9871

9.1970

1.0109

9.3903

C206

62.3601

70.6401

9.2900

1.0109

9.1911

C207

55.7518

62.2725

0.1207

1.0109

0.1110

C208

51.2753

57.0010

1.7217

1.0109

1.0011

C209

57.1226

67.5465

10.123

1.0109

10.3110

C210

40.5476

45.1735

1.0219

1.0109

1.1701

C211

32.8676

36.8293

3.9017

1.0109

3.9193

C212

43.8766

49.7413

1.9017

1.0109

1.9020

C213

53.0078

58.1433

0.1311

1.0109

0.0099

C214

34.9729

39.9202

1.9173

1.0109

1.9911
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Table 23: Pore volume of sandstone reservoir.
Name
sample

Dry
weight

Saturated
weight

Weight of
fluid

Density of
brine solution

Pore volume
(Pv) (ml3)

S101

69.2428

81.2685

12.0217

1.0109

11.9972

S102

54.9202

63.3175

9.3973

1.0109

9.3071

S103

71.0527

81.5240

10.1713

1.0109

10.3191

S104

71.1718

81.5856

10.1139

1.0109

10.3021

S105

54.5170

63.6441

9.1271

1.0109

9.0291

S106

68.5757

80.0441

11.1091

1.0109

11.3119

S107

60.3410

69.3336

9.9920

1.0109

9.9901

S108

68.3233

79.5101

11.1909

1.0109

11.0201

S109

72.5381

82.9230

10.3919

1.0109

10.2739

S110

70.6990

81.8445

11.1111

1.0109

11.0201

S111

66.8413

76.5690

9.7277

1.0109

9.0237

S112

62.7273

72.0850

9.3177

1.0109

9.2177

S113

61.1885

70.6312

9.1127

1.0109

9.3119

S114

47.0494

54.1930

7.1110

1.0109

7.0070

S115

58.8532

68.1615

9.3093

1.0109

9.2099

S116

40.7140

46.8910

0.1770

1.0109

0.1110

V.7

Porosity Results (ɸ).

V.7.1

Porosity of Carbonate Core Sample.

By divided pore volume on bulk volume of carbonate core sample get porosity.
We observed attained the porosity of carbonate core sample of core C209 to 30%
and as maximum porosity core C110 to and 18% while unfading cores samples
between twenties percent, porosity of carbonate core samples listed in Table (24).
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Table 24: Porosity of carbonate core sample.
Name sample

Bulk volume(Bv)
Bv = πr2L

Pore volume
(Pv)

Porosity (ɸ) (

Pv
Bv

)

%

C201

34.3609

9.2161

20.9211

C202

33.7800

8.5504

21.3120

C203

36.3243

8.7166

23.9900

C204

33.3791

9.4278

29.2110

C205

32.3974

8.3963

21.9101

C206

32.8882

8.1915

21.9071

C207

28.4704

6.4510

22.0190

C208

26.0161

5.6645

21.7730

C209

33.3791

10.3116

30.9923

C210

25.0343

4.5764

19.2901

C211

16.6895

3.9193

23.1930

C212

23.0708

5.8020

21.1190

C213

25.5252

6.0699

23.7900

C214

21.5982

4.8944

22.0711

V.7.2 Porosity of Sandstone Core Sample.
By divided pore volume on bulk volume of sandstone core sample get porosity
We observed sitting the porosity of all sandstone core sample between 26 % and 30 %
and considered good porosity to reservoir oil, the porosity of all sandstone core
samples listed in Table (25).
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Table 25: Porosity of sandstone core samples.
Name
sample

Bulk volume(Bv)

S101

39.7604

11.8972

29.9222

S102

29.9430

8.3075

27.7393

S103

38.2878

10.3594

27.0100

S104

38.7787

10.3025

20.1071

S105

30.9248

9.0295

29.1992

S106

38.7787

11.3458

29.2179

S107

32.3974

8.8965

27.1001

S108

38.7787

11.0264

29.1311

S109

39.2696

10.2739

20.1021

S110

38.2787

11.0264

29.9011

S111

35.3426

9.6237

27.2297

S112

33.8700

9.2577

27.3330

S113

34.3609

9.3418

27.1972

S114

26.0161

7.0676

27.1002

S115

32.3974

9.2099

29.1210

S116

23.0708

6.1110

20.1990

V.8

Bv=πr2L

Pore volume
(Pv)

Porosity (ɸ) (

Pv
Bv

)%

OOIP Results.

V.8.1

Results of OOIP in Carbonate

Table (26) showing OOIP of carbonate core samples. Core samples C201, C202
and C203 saturated in oil type G.O.S.P Jackhix field with density 0.78335 g/ml.
Core samples C205 and C209 saturated in oil type hamada field V2 with density
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0.77198 g/ml. core samples C208, C207 and C206 saturated in oil type hamada
field V32 with density 0.77058 g/ml.
We observed some core samples have OOIP more than Pore volume and that due
to adhesion some oil drops on out surface of core samples and also due to
difference of weight of each of brine solution and crude oil.
Table 26: OOIP of carbonate core samples.
Sample
name
C201
C202
C203
C205
C209
C208
C207
C206

Weight after
drying (g)
63..6910
63.9906
68.25 g/8
60.6623
57.2578
51.4343
55.8740
62.5504

Weight of
saturated oil (g)
72.0110
71.0107
70.3121
07.0093
01.9721
10.2319
01.3990
09.1302

Oil
weight(g)
9.3000
7.0101
9.0900
7.007
9.0117
1.9001
1.121
0.9799

Oil density
(g/ml3)
0.79331
0.79331
0.79331
0.77199
0.77199
0.77019
0.77019
0.77019

OOIP
(ml3)
10.0729
9.7019
10.3292
9.0700
11.1192
0.2297
7.1090
9.9290

V.8.2 Results of OOIP in Sandstone
Table (27) showing OOIP of sandstone core samples. Core samples S109, S112
and S113 saturated in oil type G.O.S.P Jackhix field with density 0.78335 g/ml.
Core samples S108, S103 and S101 saturated in oil type hamada field V2 with
density 0.77198 g/ml. Core samples S106, S110 and S111 saturated in oil type
hamada field V32 with density 0.77058 g/ml.
We observed some core samples have OOIP more than Pore volume and that due
to adhesion some oil drop on out surface of core samples and also due to
difference of weight of each of brine solution and crude oil.
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Table 27: OOIP of sandstone core samples.
Sample
name

Weight after
drying (g)

Weight of
saturated oil (g)

S109
S112
S113
S108
S103
S101
S106
S110
S111

72.8410
63.0338
01.1091
68.6491
71.2703
69.6134
68.8930
71.0660
67.1822

92.0911
70.9311
09.3177
77.9111
79.9139
79.0021
79.2100
90.1111
71.2119

V.9

Oil weight Oil density
(g)
(g/ml)
9.2111
7.9010
7.9992
9.2011
9.0731
10.019
9.303
9.0791
7.1120

0.79331
0.79331
0.79331
0.77199
0.77199
0.77199
0.77019
0.77019
0.77019

OOIP
(ml)
11.9011
9.9192
10.0099
12.0021
11.2313
13.0171
12.1101
11.7920
9.0191

Effect of Temperature and Aging Time on Cumulative Oil Production.

V.9.1

Effect of Temperature and Aging Time on Cumulative Oil Production of
Carbonate Reservoir.

In this experiment, the spontaneous imbibition test was done at different
temperature started from room temperature (25C0) rising to (80C0) for all core
samples, (C201, C202, C203, C205, C209, C208, C207, C206) for carbonate
reservoir , and aging time continued to 1080 hours (one and half months).
1.

Cumulative oil production in Carbonate reservoir core samples (C208,
C207, and C206) which saturated with oil type (hamada field V32) and
imbibition in gaberoun water was as the following.
At beginning of measurement started from room temperature. The

cumulative oil production values for (C208, C207, C206) was (0, 0.2, 0.5) ml,
respectively. continued to rising which showed later drastically increasing in
cumulative oil production to stabilised at 1ml of C208 and 1ml of C207 and 3 ml
of C206 with aging time increasing to 92 hours (3 days and 20 hours) as showed
in figure (62).
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After 92 hours, we raised the temperature to 30C0.

in C208, no

significant cumulative oil production change observed to stay (1ml). in C207,
increase cumulative oil production observed was (1.1 ml). in C206, cumulative
oil production increase drastically to 3.9 ml and continued of rising with increase
aging time and stabilised at (1.8, 2.5 and 4.9) ml of (C208 , C207 and C206),
respectively. at aging time attain to 211 hours.
After 211 hours, we raised the temperature to 40C0. of C208 the
Cumulative oil production increased drastically to (1.8 ml). in C207 increase
cumulative oil production observed was (2.4 ml). in C206 cumulative oil
production stay at 3.9 ml and continued to increase with increase aging time and
stabilised at (1.2, 2.1, 4) ml of (C208, C207, C206), respectively. at aging time
attain 307 hours.
After 307 hours, we raised the temperature to 50C0. No increase in
cumulative oil production observed of all core samples (C208, C207 and C206)
after raising the temperature to 50C0. But saturated to increasing with increasing
aging time to stabilised at (1.8, 3, 5) ml at aging time attain to 571 hours as
showed in the figure (62).
After 571 hours, we raised the temperature to 60C0. No change in
cumulative oil production with increasing temperature and with increasing aging
time which stabilised at (1.8, 3, 5) ml at aging time attain to 716 hours.
After 716 hours, we raised the temperature to 70C0. No change in
cumulative oil production with increasing temperature and with increasing aging
time too of core samples (C207, C206). But we observed increasing in
cumulative oil production attain to (2ml) at aging time attain to 860 hours.
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After 860 hours, we raised temperature to 80C0. We observed reducing in
cumulative oil production after rising the temperature and stabilised at (1, 4.5) ml
of core samples (C208, C206), respectively. While stay oil production of C207 at
3ml at aging time increasing to 981 hours.
After 981 hours, we reducing temperature to 70C0. But virtually no
change in cumulative oil production of all core samples with increasing aging
time to 1080 hours as showed in figure (62).

Figure 62: Curves of cumulative oil production of carbonate core samples (C207,
C206 and C208).
2.

Cumulative oil production in Carbonate reservoir core samples (C205, C209)
which saturated with oil type (hamada field V2). and imbibition in gaberoun
water was as the following.
At beginning of measurement, started from room temperature. The
cumulative oil production values for (C205, C209) was (0.2, 0.5) ml,
respectively. and continued to rising progressively to attain to 3.5ml for C205
and 1.5ml of C209 at aging time increasing to 48 hours (after 2 days from
beginning of measurement). and stabilised at that to aging time increasing to 92
hours as showed in figure (63).
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After 92 hours, we raised temperature to 30C0. Significant cumulative oil
production change observed in each of C205 to be 4 ml and C209 to be 1.8 ml
after few hours from rising temperature. and stabilised at 4.5 ml of C205 and 2.7
ml of C209 after aging time increasing to 211 hours.
After 211 hours, we raised temperature to 40C0. increasing Cumulative
oil production to 4.9 ml) of C205 and (3ml) of C209 after one day (at increasing
aging time to 237 hours) from rising the temperature (4.9 ml, 3.9 ml) for (C205
,C209) respectively at aging time increasing to 307 hours.
After 307 hours, we raised temperature to 50C0. in core C205 cumulative
oil production stay at 4.9 ml and rising to 5 ml after 2 days from rising the
temperature. in core C209 increasing cumulative oil production to 4.9 at one hour
from rising temperature and continued of rising to be 5.5ml after 5 days. and
stabilised oil recovery at that to aging tie increasing to 571 days.
After 571 hours, we raised temperature to 60C0. No change in cumulative
oil production and stabilised at (5 ml, 5.5 ml) of (C205, C209), respectively.
After rising the temperature to 60C0 and aging time increasing to 716 hours.
After 716 hours, we raised temperature to 70C0. No change in cumulative
oil production with increasing temperature and with increasing aging time to 860
hours of all core samples (C205, C209) was observed.
After 860 hours, we raised temperature to 80C0. We observed reducing in
cumulative oil production after rising the temperature from 5ml to 4.5 ml of
C205. and stabilised C209 at 5.5 ml at aging time increasing to 981 hours.
After 981 hours, we reducing temperature to 70C0. But virtually no
change in cumulative oil production of all core samples (C205, C209) with
increasing aging time to 1080 hours as showed in figure (63).
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Figure 63: Curves of cumulative oil production of carbonate core samples (C205 and
C209).
3.

Cumulative oil production in carbonate reservoir core samples (C201, C202,
and C203) which saturated with oil type (G.O.S.P Jackhix field) and imbibition
in Gaberoun water was as the following: At beginning of measurement started from room temperature. The
cumulative oil production values of (C201, C202, C203) was (0.2, 0.1, 0.1) ml,
respectively. and continued to rising progressively to stabilised at 1ml for C201,
1.2ml of C202 and 1 ml of C203 at that to aging time increasing to 92 hours as
showed in figure (64).
After 92 hours, we raised temperature to 30C0. Significant cumulative oil
production change observed to 2ml of all core samples. and increasing with
increasing aging time to be (3.1, 3.5, and 3.2) of (C201, C202, C203),
respectively. With increasing aging time to 211 hours.
After 211 hours, we raised temperature to 40C0. Increasing Cumulative
oil production observed of each of C201 at 3.9 ml, C202 at 3.5ml and C203 at
4ml with aging time increasing to 307 hours.
After 307 hours, we raised temperature to 50C0. Virtually increasing in
cumulative oil production drastically very observed. After 2 days from rising the
temperature attained each of C201 to 4.9 ml, C202 to 3.9 ml and stay C203 at
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4ml, and continued to rising drastically with increasing aging time to stabilised
at (5, 4.1, 4.5) ml of (C201, C202, C203), respectively. At aging time increasing
to 571 hours (11 days after from rising temperature).
After 571 hours, we raised temperature to 60C0. No increasing in
cumulative oil production observed of each of C201 and C203 and showed C202
increase to 4.8 after 3days from rising the temperature, and stabilised at aging
time increasing to 716 hours all core samples at 5ml.
After 716 hours, we raised temperature to 70C0. Stabilised each of C202
and C203 at 5ml and increasing C201 at 5.5 ml at aging time increasing to 860
hours.
After 860 hours, we raised temperature to 80C0. No increasing in
cumulative oil production of all core samples observed and stabilised at same
cumulative oil production at 981 hours of aging time.
After 981 hours, we reducing temperature to 70C0. No change in
cumulative oil production of all core samples observed at increasing aging time
to 1080 hours as showed in figure (64).

Figure 64: Curves of cumulative oil production of carbonate core samples.
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V.9.2

Effect of Temperature and Aging Time on Cumulative Oil Production of
Sandstone Reservoir.

In this experiment, the spontaneous imbibition test was done at different
temperature started from room temperature (25C0) rising to (80C0) with all core
samples (S106, S11, S111 , S108, S103, S101, S109, S112, S113) for sandstone
reservoir , and aging time continued to 1080 hours (one and half months).
1.

Cumulative oil production in sandstone reservoir samples (S106, S110, and
S111) which saturated with oil type (hamada field V32) and imbibition in
gaberoun water was as the following:
At beginning of measurement started from room temperature. The
cumulative oil production values for (S106, S110, S111) was (1.2, 0.5, 1) ml,
respectively. Continued to rising progressively to stabilised at 1.4 ml of S106 and
1.2 ml of S110 and 1.3 ml of S111 with aging time increasing to 92 hours (3 days
and 20 hours). as showed in figure (65).
After 92 hours, we raised temperature to 30C0. No significant cumulative
oil production change observed in each of S106 and S110 to stay at (1.4ml and
1.2), respectively. Increase cumulative oil production in S111 to (1.5 ml). at
aging time increasing to 211 hours stabilised S110 at 1.8 ml but stay each of
S106 at 1.4ml and S111 at 1.5ml.
After 211 hours, we raised temperature to 40C0. Cumulative oil
production increased in S106 to (1.7 ml). Increase cumulative oil production of
S110 to 2 ml. Cumulative oil production stay at 1.8 ml of S111 and stabilised at
this production to aging time attain to 307 hours.
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After 307 hours, we raised temperature to 50C0. After aging time
increasing to 356 hours (after 2 days from raised the temperature to 50C0),
cumulative oil production increase drastically (2.3, 3.6, 2) ml of (S106, S110,
S111), respectively. Continued the cumulative oil production to rising with aging
time and stabilised at 6ml of S106, 7 ml of S110 and 5ml of S111. at aging time
increasing to 571 hours as showed in the figure (65).
After 571 hours. We raised temperature to 60C0. of S106 the cumulative
oil production increasing drastically after one hour from rising the temperature to
60C0 from 6ml to 7ml. After aging time increasing to 596 hours (after one day
from rising the temperature). Increased oil production of each of S110 from 7ml
to 8ml and S111 from 5ml to 6ml and stabilised at (8, 9, 7) ml of (S106, S110,
S111) respectively at increasing aging time to 716 hours.
After 716 hours, we raised temperature to 70C0. No change in cumulative
oil production with increasing temperature and with increasing aging time of all
core samples (S106, S110, S111) even after increasing aging time to 860 hours.
After 860 hours, we raised the temperature to 80C0. No change observed
in cumulative oil production in S110 and S111. But at increasing aging time to
884 hours (after one day from rising temperature) change in oil production
observed and attain to 8.9 ml and stabilised at that to increasing aging time to 981
hours.
After 981 hours, we reducing temperature to 70C0. But virtually no
increasing or reducing in cumulative oil production of all core samples (S106,
S110, S111) to stabilised at (8.9, 9, 7)ml, respectively. with increasing aging
time to 1080 hours as showed in figure (65).
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Figure 65: Curves of cumulative oil production of sandstone core samples (S106,
S110 and S111).
2.

Cumulative oil production in sandstone reservoir samples (S108, S103, and
S101) which saturated with oil type (hamada field V2) and imbibition in
gaberoun water was as the following:
At beginning of measurement started from room temperature. The
cumulative oil production values of (S108, S103, S101) was (1, 0.5, 0.5) ml,
respectively. Continued to rising progressively to attain to 1ml for S103 and
1.5ml of S101 while stay at 1 ml of S108, with aging time increasing to 92 hours
as showed in figure (66).
After 92 hours, we raised temperature to 30C0. Significant cumulative oil
production change observed in each of S108 and S101 to be 1.2 ml and 1.8 ml,
respectively. While wait oil production of S103 one day and 20hours to
increasing to 1.3ml, and stabilised at 1.2 ml of S108, 1.5ml of S103 and 1.9ml of
S101 with increasing aging time to 211 hours.
After 211 hours, we raised temperature to 40C0. Increasing Cumulative
oil production of S108 to 1.5ml while showed each of S103 and S101 stabilised
in production with aging time increasing to 307hours.
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After 307 hours, we raised temperature to 50C0. In this temperature all
core samples showed virtually increasing in cumulative oil production drastically
very observed. After 2 days from rising the temperature attained each of S108 to
3.8 ml, S103 to 2.5 ml and S101 6ml and continued to rising drastically with
increasing aging time to stabilised at (7, 4.9, 7.9) ml of (S108, S103, S101),
respectively. at aging time increasing to 571 hours (11 days after from rising the
temperature).
After 571 hours, we raised temperature to 60C0. Increasing in cumulative
oil production observed and was 8ml of S108 after 4 hours, 5.5ml of S103 after
one day. Stabilised at (8, 6.3, 8) ml of (S108, S103, S101), respectively. at aging
time increasing to 716 hours.
After 716 hours, we raised temperature to 70C0. Increasing in cumulative
oil production of S103 to 6.8 at one hour from increasing temperature, and
stabilised at 7 ml at aging time increasing to 860 hours. While no change in
cumulative oil production observed of S108 and S101.
After 860 hours, we raised temperature to 80C0. We observed increasing
in cumulative oil production of all core samples, and more increasing with
increasing aging time to stabilised at 9ml of S108, 7.2ml of S103 and 8.2 ml of
S101 at 981 hours of aging time.
After 981 hours, we reducing temperature to 70C0. No change in
cumulative oil production of all core samples observed at increasing aging time
to 1080 hours as showed in figure (66).
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Figure 66: Curves of cumulative oil production of sandstone core samples (S108,
S103, and S101).
3.

Cumulative oil production in sandstone reservoir samples (S109, S112 and
S113) which saturated with oil type (G.O.S.P Jackhix field) and imbibition in
gaberoun water was as the following:
At beginning of measurement started from room temperature. The
cumulative oil production values of (S109, S112, S113) was (0.5, 0.1, 0.1) ml,
respectively. and stabilised at 0.5ml for S109, 0.2ml of S112 while 0.5 ml of
S113 with aging time increasing to 92 hours as showed in figure (67).
After 92 hours, we raised temperature to 30C0. Significant cumulative oil
production change observed to 1ml of S109 after 2hours and 0.5 of S112 after
one hour and waited S113 about 2 days to increasing to 0.9 ml. Stabilised with
increasing aging time to 211 hours at (1.5, 1.2, 0.9) ml of (S109, S112, S113),
respectively.
After 211 hours, we raised temperature to 40C0. Increasing Cumulative
oil production observed of S112 to 1.3 ml and stabilised each of S109 and S113
at aging time increasing to 307 hours.
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After 307 hours, we raised temperature to 50C0. Virtually increasing in
cumulative oil production drastically observed, after 3days from rising the
temperature. Attained each of S109 to 1.7 ml ,S112 to 1.4 ml and S113 at
1.3ml, and continued to rising drastically with increasing aging time to stabilised
at each of S109 to 2 ml, S112 to 2.3ml and S113 to 1.8ml, at aging time
increasing to 571 hours (11 days after from rising temperature).
After 571 hours, we raised temperature to 60C0. Increasing in cumulative
oil production observed only of S112 to 3.8ml and stabilised each of S109 and
S113, at aging time increasing to 716 hours.
After 716 hours, we raised temperature to 70C0. Increasing in cumulative
oil production drastically observed after 2 days to be (3.5, 5, 3.4) ml of (S109,
S112, S113), respectively. Continued to rising with aging time and stabilised at
860 hours each of 4.5 ml of S109, 5 ml of S112 and 3.6ml of S113.
After 860 hours, we raised temperature to 80C0. Increasing in cumulative
oil production of all core samples observed to be 7 ml of S109, 6 ml of S112 and
5ml of S113 after 2 days from rising the temperature, and stabilised at that to 981
hours of aging time.
After 981 hours, we reducing temperature to 70C0. No change in
cumulative oil production of all core samples observed at increasing aging time
to 1080 hours as showed in figure (67)
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Figure 67: Curves of cumulative oil production of sandstone core samples.
V.10

Effect of Temperature and Aging Time on Oil Recovery.

V.10.1 Effect of Temperature and Aging Time on Oil Recovery of Carbonate
Reservoir.
1. Figure (68) showing curves of Oil recovery of three carbonate reservoir core
samples (C208, C207, C206). That saturated with oil type (hamada field V32)
and imbibition in Gaberoun water. We observed started C208 from 0% of oil
recovery and rising with increasing each of temperature and aging time to
attain to 32.10 % as maximum oil recovery at 70C0 and 764 hours of aging
time (31 days and 20hours). C207 started from 2.78% oil recovery and rising
with increasing each of temperature and aging time to attain to maximum oil
recovery that was 41.84% at 50C0 and aging time 356 hours (2 weeks and
20hours). While C206 started from 5.60% of oil recovery and rising with
increasing each of the temperature and aging time to attained 56.00% of oil
recovery (maximum oil recovery produced) at 50C0 and aging time 380 hours
(15 days and 20hours).
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Figure 68: Curves of oil recovery of carbonate samples (C208, C207 and C206).
2. Figure (69) showing curves of Oil recovery of three carbonate reservoir core
samples (C205, C209). Which saturated with oil type (hamada field V2) and
imbibition in gaberoun water. We observed started C205 from 2.20% of oil
recovery and rising with increasing each of temperature and aging time to
attain 55.08 % as maximum oil recovery at 50C0 and 404 hours of aging time
(16 days and 20hours). C209 started from 4.48 % of oil recovery and rising
with increasing each of temperature and aging time to attain to maximum oil
recovery, which was 49.28 % at 50C0, and aging time 356 hours (14 days and
20 hours).

Figure 69: Curves of oil recovery of carbonate (C205 and C209).
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3. Figure (70) Oil recovery in carbonate reservoir core samples (C201, C202,
and C203). Which saturated with oil type (G.O.S.P Jackhix field) and
imbibition in Gaberoun water. We observed started C201 from 1.87% of oil
recovery and rising with increasing each of temperature and aging time to
attain to 53.51% as maximum oil recovery at 70C0 and 813 hours of aging
time (33 days and 21hours). C202 started from 1.02% from oil recovery and
rising with increasing each of temperature and aging time to attain to
maximum oil recovery, which was 51.19% at 60C0, and aging time 671 hours
(28 hours). While C203 started from 0.96 % from oil recovery, and rising
with increasing each of temperature and aging time to attain 48.41% of oil
recovery with aging time 668 hours.

Figure 70: Curves of oil recovery of carbonate (C201, C202 and C203).
V.10.2 Effect of Temperature and Aging Time on Oil Recovery of Sandstone
Reservoir.
1.

Figure (71) showing curves of Oil recovery of three sandstone reservoir core
samples (S106, S110, S111). Which saturated with oil type (hamada field V32)
and imbibition in Gaberoun water. We observed started S106 from 9.87% of oil
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recovery and rising with increasing each of temperature and aging time to attain
to 73.24% as maximum oil recovery at 80C0 and 884 hours of aging time (one
month and 6 days and 20hours). S110 started from 4.24 % from oil recovery
and rising with increasing each of temperature and aging time to attain to
maximum oil recovery, which was 76.38 % at 60C0, and aging time 668 hours
(27 days and 20 hours). While S111 started from 10.35% from oil recovery and
rising with increasing each of temperature and aging time to attain 72.47% of
oil recovery (maximum oil recovery produced), at 60C0 and aging time 644
hours (26 days and 20hours).

Figure 71: Curves of oil recovery of sandstone (S106, S110 and S111).
2.

Figure (72) showing curves of Oil recovery of three-sandstone reservoir core
samples (S108, S103 and S101). Which saturated with oil type (hamada field
V2) and imbibition in Gaberoun water. We observed started (S108, S103, S101)
from (9.87% ,4.45% 3.84%), respectively of oil recovery, and rising with
increasing each of temperature and aging time to attain each of S108 to 66.65 %
as maximum oil recovery at 60 C0 at 575 hours (24 days). S103 to 64.08% and
S101 to 62.99% as maximum oil recovery at 80C0 and 884 hours of aging time
(36 days and 20hours).
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Figure 72 Curves of oil recovery of sandstone (S108, S103 and S101).
3.

Figure (73), showing curves of Oil recovery of three sandstone reservoir

samples (S109, S112 and S113). Which saturated with oil type (G.O.S.P Jackhix
field) and imbibition in Gaberoun water. We observed lag attain of oil recovery, and
at high temperature. Started S109 from 4.23% of oil recovery, S112 started from 1 %
of oil recovery and S113 started from 0.99% of oil recovery, and rising with
increasing each of temperature and aging time to attain to 59.31% and 60.24% and
49.65% as maximum oil recovery of S109 and S112 and S113, respectively. at aging
time to attain to 885 hours at 80C0 of temperature.

Figure 73: Curves of oil recovery of sandstone (S109, S112 and S113).
79

V.11

Comparison Oil Recovery of Carbonate Reservoir Core Samples Under
Effects of Temperature and Aging Time.

Spontaneous imbibition test was conducted for carbonate core samples at
different temperature and long aging time continued to 1080 hours (45 days) or
(one and half months). Each of core samples (C208, C207 and C206) saturated
with oil type (hamada field V32), and core samples (C205, C209) saturated with
oil type (hamada field V2), and core samples (C201, C202 and C203) saturated
with oil type (G.O.S.P jackhix field). Every type from this oil types have
different composition comparison with other types.
After finished the test we observed 7 from 8 core samples have oil
recovery between 40% and 56 % from OOIP as showed in figure (74). May be
many properties made this difference such as permeability of rock, wettability ,
flow the oil intra pore space , hardness of water which used to imbibition ,
different composition of oil ………. Etc.
In Laboratory, using Gaberoun water as enhanced oil recovery method confirm
attained oil recovery of carbonate core sample to 40% as minimum oil recovery
and attained to 55% of oil recovery increasable with increasing aging time.
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Figure 74: Comparison oil recovery of Carbonate reservoir samples.
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Comparison Oil Recovery of Sandstone Reservoir Core Samples under Effects of
Temperature and Aging Time.
Spontaneous imbibition test was conducted for sandstone core samples at
different temperature and long aging time continued to 1080 hours (45 days) or
(one and half months). Each of core samples (S106, S110 and S111) saturated
with oil type (hamada field V32), and core samples (S108 and S103 and S101)
saturated with oil type (hamada field V2), and core samples (S109 and S112 and
S113) saturated with oil type (G.O.S.P jackhix field). Every type from this oil
types have different composition comparison with other types.
After finished the test we observed4 from 9 core samples attained oil
recovery to more than 70%, and 3 from 9 core samples attained oil recovery to
more than 60%, while 2 from core samples attained oil recovery to 59% and 49%
from OOIP as showed in figure (75) .
In Laboratory, using Gaberoun water as enhanced oil recovery methods confirm
attained oil recovery of sandstone core sample to 49% as minimum oil recovery
while attained to 76 % from OOIP increasable with increasing aging time.
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Figure 75: Comparison oil recovery of sandstone reservoir samples.
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S111

CHAPTER VI: CONCLUSIONS AND RECOMMENDATIONS
VI.1

Conclusions

From the results of the present study, some conclusions are drawn as following:
1. The three crude oil samples studies, hamada field V32, Hamada field V2,
G.O.S.P jackhix field have different surface activity for each of carbonate
surface and sandstone surface, inferred from spontaneous imbibition behavior,
since most organic polar compounds are associated with asphaltic materials.
2. As inferred from the imbibition test, the water-wet of carbonate and sandstone
was very big under effect of natural gaberoun water composition.
3. Temperature and aging time were dominate variables with respect to increase
oil recovery and wettability change of carbonate and sandstone core samples
from oil-wet to water-wet.
4. Good achieve of oil recovery rates attained to more than 50% of carbonate and
achieve oil recovery to high rates attained to more than 75 % of sandstone.
5. From these studies, we can say, increasing or decreasing oil recoveries
depending on type of reservoir, type of crude oil, temperature of reservoir, and
aging time.
VI.2

Recommendations.

1. Change many parameters of gaberoun water and observed effect of it on oil
recovery by using spontaneous imbibition test.
2. Calculate viscosity of gaberoun water considering the viscosity is very
important factor effect on system operation.
3. Using an other types of core samples reservoir rock in spontaneous imbibition
methods by gaberoun water.
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4. Calculate effective permeability of core samples, which will using in
spontaneous imbibition test.
5. Calculate viscosity of oil samples that will using in spontaneous imbibition
test.
6. Using an other types of oil samples in spontaneous imbibition test with
different composition.
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