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Abstract

Four subsurface sections and electrical, porosity logs, and gamma-ray logs of the
Khasib Formation (age Late Turonian-Lower Coniacian) were studied to identify
reservoir characteristics and to evaluate the reservoir properties of the Khasib reservoir
units in the East Baghdad oilfield. The lithology of the formation is limestone
throughout the whole sequence in all studied wells EB-83, EB-87, EB-92, and EB94. It
is bounded conformably from the top by Tanuma Formation and has a conformable
lower contact with Kifl Formation. The lower and upper boundaries of the formation
were determined using well log analysis, and the formation was divided into three main
rock units (Khl, Kh2, and Kh3), depending on the porosity logs. The porosity was
calculated using acoustic or sonic, neutron, and density logs. The effective porosity
(average 0.0 - 0.32 %) is the predominant porosity in the formation and to less extent;
the secondary porosity. The volume of shale is very low (average 0.0 - 0.13 %),
indicating limestone is the main rock of the Khasib Formation. The study of the
reservoir water (average 0.11- 1.0%) and hydrocarbon saturations (average 0.0 - 0.88
%) showed that the formation contains varying proportions and quantities of water and
hydrocarbons suspended in the wall void, and hydrocarbons capable of being produced.
The lithological study reflected that the predominant lithic formation is limestone. It
was found that Kh 2 unit is the best oil reservoir unit in all selected wells in terms of
porosity, water saturation, diagenesis processes, and microfacies analysis.

Keywords: Reservoir Characteristics; Khasib Formation; East Baghdad Oilfield;
Volume Shale; Porosity; Water Saturation.
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1. Introduction

Khasib Formation (age Late Turonian-Lower Coniacian) was first introduced by Bellen,et al,
(1959) [1] in well Zubair-3, which is located between the excavated depths (2146.3- 2196.3 m)
and a thickness of 50 m. The upper part of dark fine-grained marly limestone of 29 m thickness
and the lower part of alternates dark and greenish shales and dark limestone of 21 m thickness.
The fossils contents are Globigerina sp., Gumbelina spp., and Oligostegina. The underlying
Khasib formation is the Kifil Formation; contact is conformable, the overlying formation is
Tanuma Formation; contact is conformable in a change of black, fissile shales above to grey
marly limestones below [1].

1.1 Aims of Study
1. Identifying reservoir characteristics of Khasib units by well-log interpretation.
2. Evaluation of the reservoir properties of the Khasib reservoir units.

1.2 Location of the Study Area
The study area is located in the East Baghdad oil field, (Figure 1). Four wells were selected,
which are (EB-83, EB-87, EB-92, and EB-94) (Figure 1 and Table 1).
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Figure 1: Location map of the study area.
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Table 1: The coordinates of the study wells with the upper limit and the thickness of Khasib
formation

Well NO.

Depth (m)
(2148_2252.5)

Thickness (m)
104.5

EB-83 3328’ 29.25” 4421’ 12.86

EB-87 (2151.39_ 2253.15) 101.76 3329 57.78” 44 19’ 46.69”
EB-92 (2139.5_2241.17) 101.67 3328’ 59.78” 44 19’ 42.74>
EB-94 (2165.49_2264.5) 99.01 3327 47.86 4421° 59.27”

2. Methodology

Four subsurface sections selected from the wells of the East Baghdad oil field in the middle
of Iraq, including EB-83, EB-87, EB-92, and EB-94) were studied. The well logs such as
electrical, porosity logs, and gamma-ray logs are conducted to identify the reservoir
characteristics and to evaluate the petrophysical properties represented by porosity, permeability,
and water saturation of the Khasib reservoir units in the East Baghdad oilfield. The methodology
adopted is explained in the steps presented in Flowchart 1. Techlog 15.3 software and Microsoft
Excel are used to calculate the reservoir characteristics. The data were taken in LAS file format
for four wells (EB-83, EB-87, EB-92, and EB-94) from Midline Oil Company.

Flowchart 1- Well logs methodology.
3. Result and Discussions

This study is one of the significant investigations through which some petrophysical
properties are determined, represented by porosity, permeability, and water saturation. The
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volume of shale was calculated using gamma-ray logs and porosity logs (density log, neutron
log, and the sonic or acoustic log) to determine the porosity of all types (effective and secondary).
The process of interpreting the results was done through direct readings or through the
application of the relationships and profiles set in finding the most important lithological and
petrophysical properties of Khasib Formation (Flowchart 1).

3.1 Well Logs Analysis

The Well Logs Analysis includes direct interpretations of the results, measured from the
selected well logs, such as the stratigraphic boundaries, determining the types of porosity, water,
and hydrocarbon saturation.

3.1.1 Stratigraphic Boundaries

The Well Logs Analysis is used to determine the upper and lower boundaries of Khasib
Formation. The behavior of the well logs is investigated using:
1. Gamma-ray log (GR Log)
The gamma-ray log is used to calculate the natural radiation emissions from the formation [2].
Most carbonate rocks contain natural radiation in varying quantities. These rays are emitted from
the elements Potassium (K), Thorium (Th), and Uranium (U) and may be emitted from some
fluids inside the rocks, which contain some dissolved elements.
The volume of shale was calculated from the gamma-ray log, equation (1) was used to calculate
the gamma-ray coefficient, then to calculate the volume of shale [3]:

(GRyo _GRmin)
IGR = m ........................ (1)
I¢r: Gamma-ray index.
GR,,4: A gamma-ray reading by log(API).
GR,,in: Minimum value for a gamma-ray log (clean sand or carbonate).
GR,,..- Maximum value for a gamma-ray log (shale).
After extracting the gamma-ray coefficient, the volume of shale is calculated using equation (2)
[4], (Figures 2, 3, 4 and 5):
Vg, =033 (%R —1)...... (2).
Vpn: The volume of shale.
The result shows that the shale content is very low in all parts of the formation. This could be
due to a curved gamma ray log that registers a gradual deflection of less than 20 API.

2. Electrical logs

In order to calculate the water saturationS,,,, the formation water resistivity has to be known
[5]. There are two methods to study the electrical resistance of sections from the subsurface
layers, Deep laterolog (LLD), and microspherical laterolog (MSFL), (Figures 2, 3, 4, and 5). The
principle of these logs depends mainly on the transmission of electric current through two
electrodes on the surface of the earth and near the borehole. The difference in potential results is
recorded using Ohm’s law to receive the particular resistance. The presence of electrical
conductivity in both mud and water and reservoir water is reversed by resistivity log data.

The result reflects that the reading rate (LLD) in the upper part of the formation (Khl) is
medium which is evidence of the presence of oil, while in the middle and lower parts (Kh 2 and
Kh3) are low to medium to indicate the presence of hydrocarbons and water. The curve (MSFL)
is reading medium resistance throughout Khasib Formation in all studied wells.
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3.1.2 Porosity logs

Porosity is the first of the two basic characteristics of the reservoir (porosity and permeability).
It can be expressed as the ratio of the volume of voids to the total volume of the rock as a
percentage porosity (eq. 3) is usually denoted by the Greek letter phi (¢):

Volume of voids

Porosity (%) = Total volume of rock 100... 3)

Porosity logs (density log, neutron log, and sonic or acoustic log) are used, through which the
effective porosity and secondary porosity can be calculated.

(1)Density log (RHOB Log)

A density log is one of the types of logs that measure porosity by measuring the formation
electron density, which correlates with the total density p,. The device consists of a radiation
source that emits gamma rays into the formation and one or more detector receivers at a specific
distance from the source. The emitted gamma rays collide with the electrons in the formation,
leading to a loss in energy. Even though some energy is lost during the formation, the energy that
is received by the recipient is counted as a measure of the formation density [6]. If the material
has a high density, then most of the gamma rays will be absorbed by the material and a small
percentage of it will reach the detector and be recorded [7]. This log's ability to identify gas-
bearing areas and measure hydrocarbon density is one of its most crucial uses [2].

It is clear from [8] that the porosity calculations are not affected by the presence of
hydrocarbons in reservoir rocks with low to medium porosity, but they are affected in rocks with
high porosity, especially when saturated with gaseous hydrocarbons. The density log-derived
porosity was calculated for Khasib Formation using Wiley's equation (4) [9], (Figures 2,3,4 and
5).

_ Pma—Pb
¢p = —Pma—pf"' ................... 4)

@p: Density log-derived porosity.

Pma: Matrix density (dry rock) and in this study = 2.71(g/cm3) from limestone formation [7].
Py Bulk density recorder by log (gm/cc).

ps: The density of the fluid as it is (1.2 g/cm?®) for salty mud in units (g/cm?) [8].

(2) Neutron log (NPHI Log)

This log is one of the types of porosity logs that measures the amount of hydrogen ion
concentration present in the rocks, meaning that the response of the log represents the percentage
of the hydrogen content of the fluids inside the formation pores. While the emitted neutrons from
a radioactive source towards the formation occur mutual interactions between the neutrons and
the hydrogen nucleus, which leads to a loss of energy neutrons [2], (Figures 2,3,4, and 5).

(3) Acoustic or Sonic log (DT Log)

A sonic log is one of the types of porosity logs that measures the time interval of transmission
of the compressive sound wave within one foot of the formation (At) and it is measured in units
(usec/ft) [6]. It depends on the nature minerals that formed the rock, the type of fluids inside the
pore space, the porosity of the rock, pressure, and temperature [10]. The sonic log is used to
determine the porosity of sandstone and carbonate rocks. Where the sonic-derived porosity is
measured from eq. (5) [9], (Figures 2,3,4, and 5):

o Atlog_Atma (5)
Psonic Atf_Atma ........................ .

Psonic- The sonic-derived porosity.
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At,4: The interval of wave travel through the formation is measured from the sonic log
recording.

At,,,: The interval of wave travel through the matrix is 47.6 (usec/ft) for limestone [8].

Aty The interval of wave travel through the liquid or fluid is equal to (185/ (usec/ft) for salt
water [8].

(4) Effective and secondary porosities

Effective porosity is the percentage of the volume of the connected pores in a rock model to
the volume of the total rock model. It is called effective porosity because it is effective in the
fluid’s movement and passing them through the rock as it expresses the number of connected

pores. Effective porosity is calculated from the eq. (6) [11]:

+
Pnp = w. e (6)

@y p: Effective porosity (total porosity ¢t).
@y The neutron-derived porosity.

The secondary porosity in general is less than the effective porosity and can be neglected in
the most sections of Khasib formation. When secondary porosity has high values, which
indicated to the presence of diagenesis processes [12].

The results indicated that the effective porosity rate is very good to excellent for all selected
wells (with an average of Kh1l: (0- 0.261), Kh2: (0.013- 0.322), and Kh3: (0- 0,296)), (Table (2),
and Figures 2, 3, 4 and 5) [13].
porosity for the studied wells.

Table 2: The average values for calculating the effective

0.045- 0.183 0.034- 0.171 0- 0.261 0- 0.222
0.041- 0.322 0.087- 0.246 0.032- 0.182 0.013- 0.168
0.025- 0.234 0.086- 0.296 0- 0.197 0.011- 0.211

The effective porosity of Khasib Formation in these studied wells is very good to excellent,
according to Leverson (1972) [13], and it is equal to the total porosity.
Secondary porosity was calculated using the eq. (7) [11]:

SPI = (¢N.D - gasonic) ............................... (7)
SPI: Secondary porosity index.

Its percentage was less than 5% and it is very little or negligible [13].
3.1.3 Calculation of water and hydrocarbon saturation
The water saturation (Sw) is the percentage of the volume of the voids occupied by water to the
total volume of the voids in the rock [14]. As for hydrocarbon saturation, it is the remainder of
the volume of the voids not occupied with water [15]. The water saturation of the wells was
calculated for the unflushed zone (Sy,) with the mud filtrate as well as the water saturation in the
flushed zone (S,,). The following equations (8 and 9) [16], (Figures 2,3,4 and 5):

Sy = (FRy/Rp)m (8).
Sw: Water saturation of the unflushed zone (%).

F: Formation coefficient. F= a/on
a: The coefficient of entanglement and its value is (1.0).
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m: Noun cementation and its value is (2).

Ry Resistivity of water formation (0.027 Q.m for Khasib Formation), (from Midline oil
company).

R;: True formation resistivity (read from a log LLD), (2.m).

n: An exponent of saturation that ranges between (1.8- 2.5) but is equal to (2) for carbonate rocks.

Seo = (FRmp/Reo) M. (9).
S.o. Water saturation of the flushed zone (%).
R.s: Resistivity of mud filtrate at formation temperature (0.05 Q.m in 66 C°for Khasib
Formation), (from Midline oil company).
R, : Resistivity flushed zone resistivity (read from a log MSFL), (Q.m).
To calculate the hydrocarbon saturation (S},) that can be defined as the movable and residual
hydrocarbons through the pore systems, which unfilled with water [15]. Using the eq.(10), to
obtain Sy, (Figures 2,3,4, and 5) [17]:

Sh=1—=Sh... (10)
S5, The hydrocarbon saturation.

3.1.4 Calculation of the total volume and movement of hydrocarbons
It is not sufficient to calculate the water saturation (S,,) for the purpose to estimate the residual
hydrocarbon saturation (ROS) and the movable hydrocarbon saturation (MOS) from the
following equations (11 and 12) [18]:
ROS=1—= Spp... oo (11)
ROS: Residual oil saturation.
MOS = Syo —Sw e, (12)
MOS: Movable hydrocarbons saturation.

(1) Bulk volume analysis
Calculates the total water volume in the flushed zone resistivity (S,,) and unflushed zone (S,,)
ranges of drilling mud according to the following the equations (13 and 14) [19]:

BV = S ® e (13).
BVio = Sxo @i e (14).
BV ,,: Bulk volume water in the unflushed zone.
BV ,,: Bulk volume of water in the flushed zone.
Bulk volume of total hydrocarbons for saturation of the movable oil and the saturation of the
(immovable) oil residue and is calculated from eq. (15) [18]:

BUy =S80 i (15).
BV ,: Bulk volume of hydrocarbons.

The space between (BYV,,) and (BV,,) represents the volume of producible hydrocarbons
(moveable hydrocarbons), and the space between (¢) and (S,, @) represents the volume of
hydrocarbons suspended in the walls of the voids (residual hydrocarbons), and the space between
(o) and (S,, ¢) represents the volume of total hydrocarbons (BV,) [20], (Figures 2, 3, 4, and 5).

In the well (EB-83), it is noticed that (ROS > MOS) is present in the upper part of the
formation, which is evidence of poor permeability, but that (ROS < MOS) is present in the middle
and lower regions, which is evidence of high permeability. The (ROS > MOS) is present in all
areas of the formation in the wells (EB-87 and EB-92), which is evidence of low permeability.
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In addition, the (ROS < MOS) is present in all areas of the formation in the well (EB-94), which
is evidence of high permeability.

3.1.5 Applications obtained from equations and cross plots

One of the crucial applications that can be used to precisely calculate porosity values and
diagnose lithology and minerals is the use of a cross-plot to read specific porosity logs. These
profiles are useful only in the presence of limestone, sandstone, and dolomite, but they are
inaccurate in the presence of clays and some other abnormal minerals [21], and among these
applications are the following:

(1)Neutron- Density cross plot for identification of lithology

Porosity logs are affected by the formation's rocky content, clay content, and the presence of
gas. These logs are used interconnected rather than singly [21,22]. The values of the neutron log
( @y )and the density log ( @p ) were represented on the profile for the selected wells within
Khasib formation in the East Baghdad field [19]. All points are located in the limestone with
dolomite and less sandstone intrusions, with a density ranging [EB-83= (2.15- 2.8 g/cm?), EB-
92= (2- 2.75 g/cm3), and EB-94= (2.15- 2.75 g/cm?)] (Figures 6, 7, 8 and 9). Regarding the
well (EB-87), all locations are situated inside the limestone range with dolomite intrusions that
range in density (2.25 - 2.75 g/cm?3) (Figure 7).

3.1.6 Well correlation

It is important to show the logs correlation of the drilled wells in order to assess the
geometrical shape of Khasib Formation surfaces (upper and lower), based on the main logs such
as gamma-ray, sonic, density, neutron, and resistivity, (Figure 10). Actually, the three rock units
Kh1, Kh2, and Kh3 of the four wells EB-83, EB-87, EB-92, and EB-94 were matched. It was
found that the formation is confined to two cap rocks from the top Tanuma Formation with the
shale and from the bottom Kifl Formation with anhydrite.

The best reservoir unit for oil storage in terms of maximum values of porosity, water
saturation, and diagenesis processes and the microfacies analysis is the unit (Kh 2), while, in
terms of porosity, it is found that Kh 3 unit is the best in all the studied wells.

4. Conclusions
1. It was found that the effective porosity is the dominant porosity in the Khasib formation,
according to porosity logs analyses (density, neutron, and sonic), ranged from 0.0 to 32 % in all
well and classified as very good to excellent porosity.
2. The stratigraphic borders of the Khasib Formation were identified using porosity, resistance
and gamma rays logs. The Tanuma Formation is at the top and the Kifl Formation is at the bottom
conformably. Moreover, the formation consists of two cap rocks, one from the bottom Kifl
Formation with anhydrite and the other from the top Tanuma Formation with shale.
3. The lithology of Khasib Formation consists of limestone through the cross-plot between the
total density and the neutron to elicit the lithology.
4. Kh 2 unitis the best oil reservoir unit in all selected wells in terms of porosity, water saturation,
diagenesis processes and microfacies analysis.
5. The maximum effective porosity (0.32%) value in the unit (Kh2) well (EB-83), is the best
well in terms of oil productivity.
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Figure 9: The cross plot of ¢, and ¢, for well EB-94.
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Figure 10: Well logs correlation in East Baghdad oil field showing Khasib tops
and based on the selected wells.
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