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This study aims to determine and evaluate the petrophysical
characteristics of the Khasib Formation, which represents the main oil-
producing reservoir in the East Baghdad oilfield. To accomplish the aim
of the study, the log data for five wells have been interpreted using the
Schlumberger Techlog 2015.3 software. The main lithology of the
Khasib Formation has been determined as limestone based on the
interpretation of neutron, density, and sonic logs and using the M-N
cross plot method. The shale volume was determined based on the
gamma ray log, and the results showed that the shale volume in the
Khasib Formation ranges from about 15% to 27%, and this value
increases toward the top of the formation. The total porosity of the
Khasib Formation has been determined based on the density and
neutron logs, and their values range from about 12% to 23%. The
effective porosity is calculated depending on the relationship between
the total porosity and shale volume, and the values of this type of
porosity range from 8% to 18%. The study shows that the B and C units
of the Khasib Formation represent the best hydrocarbon-bearing zones,
where these units are characterized by high values of effective porosity
and oil saturation. The units A, E and F of the formation are
characterized by high values of shale content with low effective
porosity, and these units represent cap or seal beds for the oil producing
zones. The other units (G, H and 1) are characterized by high values of
water saturation.
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Introduction

Determination of the petrophysical properties of the carbonate reservoirs is more
challenging compared to the sandstone reservoirs due to the heterogeneity that characterizes
the carbonate rocks (Jameel et al., 2020). The well log interpretation is considered a powerful
technique in the determination and evaluation of the petrophysical properties of the
hydrocarbon reservoirs especially when the core data are unavailable or rare.

The Khasib Formation (Late Turonian — Early Campanian) represents one of the main
Cretaceous oil reservoirs in the East Baghdad oilfield in addition to Tanuma and Zubair
reservoirs. The formation contains about 14% of the total proved oil reserves in Cretaceous
reservoirs in addition to the Saadi and Tanuma Formations (Sadooni, 2004). The Khasib
Formation is firstly defined by Owen and Nasr (1958) in the Zubair Oilfield, Southern Irag. In
the type section, the Khasib Formation was divided into two main lithological parts. The
lower part is characterized by dark shale, and argillaceous limestone, whereas the upper part
consists of grey argillaceous limestone (Bellen et al., 1959). In central Iraq, the formation is
composed of chalky limestone, marlstones, and marly limestone with a thickness ranging
from 60 m. to 130 m. (Al-Qayim, 2010). The Khasib Formation is characterized by good
reservoir zones which were developed due to the diagenetic dissolution and fracturing
(Agrawi, 1996). The formation has been divided into four reservoirs units by Total (1984).
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This study aims to determine and evaluate the petrophysical properties of the Khasib
Formation, which represents the main oil-producing reservoir in East Baghdad Qilfield, based
on the analysis and interpretation of well log data.

Location and Geology

The East Baghdad oilfield is one of the important giant fields in Irag, which is located
about 10 km to the east of Baghdad city (Fig. 1). The field was discovered in 1974 by the
Iragi National Oil Company, and the first well (EB-1), which is located about 20 km east of
the center of Baghdad city, was drilled in 1975. The East Baghdad oilfield is an asymmetrical
anticline fold with an axis that extends NW-SE, and the structure has a length of about 120
km and a width of about 8 km. The field is characterized by flower structures and horst-
graben-related features (Sadooni, 2004). The stratigraphic column in the East Baghdad
oilfield extends from Upper Jurassic to Pliocene (Figure 2). The Khasib Formation represents
one of the main oil-producing zones in the East Baghdad oilfield in addition to the Saadi and
Tanuma Formations. The thickness of the formation ranges between 80 m to 120 m, and it
mainly consists of limestone and marly limestone (Al-Qayim et al., 1993). Al-Temimi (2018)
referred that the Khasib Formation in the East Baghdad oilfield is mainly limestone with
inclusion of dolomite. The Khasib Formation was deposited in a ramp setting, and it is
underlain unconformably by the Kifil Formation and overlain conformably by the Tanuma
Formation (Al-Qayim, 2010). The Khasib Formation was subdivided into nine stratigraphic
units (A, B, C, D, E, F, G, H, 1) based on the lithological changes and recognition of
depositional cycles (Iragi National Oil Company, 1981). This subdivision of the stratigraphic
units of the Khasib Formation is used in this study.
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Fig. 1. Iraqi oil fields map showing the location of East Baghdad oil field (modified from Al-Ameri,

2011).
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Fig. 2. The stratigraphic column in the East Baghdad oilfield (modified from Al-Ameri, 2011).

Materials and Methods
This study is costructed on the analysis and interpretation of the available well logs data
for five wells (EB-4, EB-16, EB-6, EB-30, and EB-34) in the East Baghdad oilfield. The
available log data (neutron, density, sonic, gamma-ray, resistivity) have been analyzed and
interpreted using Schlumberger Techlog 2015.3 software. The methodology used in this study
is summarized as the follows:
1- Lithology identification:

The first step in the reservoir characterization is generally identification of the lithology
because it has a direct impact on the reservoir characteristics of the formation. In this study,
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the lithology of the Khasib Formation has been determined based on the neutron, density, and
sonic logs, and using the M-N cross plot method.
2- Shale volume calculation:

The shale volume is generally calculated based on the interpretation of gamma-ray log,
and using the following equations (Larionov, 1969):

Vi = 0.33%(2(2416R) _ 1) (1)

IGR = (GRIog — GRmin / GRmax — GRmin) (2)

Where Vs is the shale volume, IGR is the gamma-ray index, GRiog is the gamma-ray
reading from the log, GRmax is the maximum gamma-ray reading, and GRmin is the minimum
gamma-ray reading.

3- Porosity calculation:

The porosity is considered one of the fundamental properties of the hydrocarbon
reservoirs because it represents the pore spaces where the hydrocarbons are stored. In
addition, the porosity represents a significant factor in the determination of the hydrocarbon
reserves, therefore, the accurate estimation of the porosity is needed in the reservoir
evaluation. The porosity is classified into two main types based on the nature of pore spaces:
effective porosity and non-effective porosity. Connected pores characterize the effective
porosity, whereas isolated pores characterize the non-effective porosity. The total porosity
represents the total volume of pores whether isolated or connected. The porosity of the Khasib
Formation has been determined based on the interpretation of density log, sonic log, and
neutron log. The total porosity of the formation was estimated based on the combination of
neutron and density logs, and according to the following formula:

Dr=(On+Dp) /2 3)

Where @1 is the total porosity; @n is the neutron porosity; @p is the density porosity.

The density porosity is estimated using the following equation proposed by Gaymard
and Poupon (1968):

@p = Pma — Pb / Pma - Pf (4)

Where pma IS the matrix density (2.710g/cc); po is the bulk density (g/cc); pr is the fluid
density (1.15g/cc).

The effective porosity was calculated using the relationship between total porosity and
shale volume according to the following equation (Schlumberger, 1972):

Bets = D1 * (1-Vsh) (5)

Where @k is the effective porosity; @ is the total porosity; Vsh is the shale volume.

The secondary porosity of the Khasib Formation has been determined using the
following equation:
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@Sec = @T — @S (6)

Where @Sec is the secondary porosity; @T is the total porosity; @S is the sonic
porosity, which represents the primary porosity.

The sonic porosity was determined using the Wyllie time-average equation (Wyllie et
al., 1958):

@S = (Atlog — Atma)/ (Atf — Atma) (7)

Where @S is the sonic porosity; Atlog is the interval transit time of the formation; Atma
is the interval transit time of the matrix (45.55.5us/ft); Atf is the interval transit time of the
fluid (189pusec/ft).

4- \WNater saturation calculation:

Estimation of the volume of shale is an important factor in the reservoir evaluation
because the presence of shale may lead to reduce the porosity and permeability, which are
considered the main characteristics of the hydrocarbon reservoirs. The water saturation has
been calculated using the dual water model, which is proposed by Waxman and Smits,
(1968). This method is used to estimate the water saturation in shaly formations based on the
relationship between resistivity and saturation. This relationship is expressed by the following
equation (Waxman and Smits, 1968):

1/RT:(SWZ/F*Rw)'l'(B*QV*SwlF) (8)

Where Rt is the resistivity of the uninvaded zone; Sw is the water saturation in the
uninvaded zone; F is the formation factor of the interconnected porosity; B is the equivalent
conductance of the sodium clay-exchange cations as a function of the formation water
conductivity, and Qv is the CEC of the rock per unit pore volume.

Results and Discussion
1- Identification of lithology

The identification of lithology is considered the first step in evaluating the petrophysical
properties of the hydrocarbon reservoirs because it has an impact on the reservoir’s
characteristics especially the porosity and permeability. In this study, the lithology of the
Khasib Formation has been determined based on the interpretation of neutron, density, and
sonic logs, and using the M-N cross plot method. Most of the M-N cross plot data of the
Khasib Formation is concentrated in the calcite region (Fig. 3). This indicates that the main
lithology of the Khasib Formation is limestone. Some points of the M-N cross plot are located
in the dolomite region (Fig. 3).

2- Shale volume calculation

In this study, the shale volume of the Khasib Formation is calculated based on the
gamma-ray log. The results show vertical and lateral variations in the values of shale volume
of the Khasib Formation (Fig. 4). The values of the shale volume range from about 15% to
about 25%, and this value increases toward the top of the formation (Fig. 4).
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Fig. 3. M-N cross plot of the Khasib Formation in the studied wells.
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Fig. 4. A comparison of shale volume of the Khasib Formation between well EB-16 and well BE-6 in the
East Baghdad oilfield.
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3- Porosity Calculation

In this study, the total porosity of the Khasib reservoir has been determined firstly based
on the interpretation of density and neutron logs. The effective porosity of the Khasib
Formation has been determined based on the relationship between the total porosity and shale
volume, which was introduced by Schlumberger (1972) mentioned previously. In addition to
the total and effective porosities, the secondary porosity of the Khasib Formation has been
estimated based on the difference between the total porosity and sonic porosity, where the

sonic porosity represents the primary porosity. The results of the three types of porosity are
illustrated in Fig. (5).
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To accomplish accurate values of the effective, secondary, and total porosities, the
average arithmetic values of porosities have been calculated using the following equation:
0 =X0/n 9)

Where: @ is the porosity, and n is the number of reading (depth interval every 0.25m).
The results of the mathematical averaging calculation of porosity is listed in Table (1).

The results show that the porosity of the Khasib Formation varies vertically and
laterally. The total porosity of the Khasib Formation ranges from 12% to 23% (Table 1 and
Fig. 5), and these values coincide with the study of Jameel, et al., (2020). The effective
porosity ranges from 8% to 18%, and this porosity is most dominant in the units B, C, and D
of the Khasib Formation (Table 1 and Fig. 5). The secondary porosity represents the
controlling type in the units A, E, and F units of the formation, and its values range between
3% to 8% (Table 1 and Fig. 5).

Table 1: The average values of porosities for the stratigraphic units of the Khasib Formation.

Stratigraphic Thi Average arithmetic Average arithmetic Average arithmetic
- ickness (m) . ! - .
Units total porosity effective porosity secondary porosity
A 5.5 0.122 0.082 0.043
B 13 0.206 0.152 0.079
C 13 0.228 0.18 0.07
D 16 0.199 0.15 0.057
E 6 0.218 0.143 0.078
F 14 0.209 0.15 0.065
G 11.5 0.171 0.102 0.066
H 12 0.192 0.158 0.035
| 7 0.177 0.144 0.028

4- Water and oil saturation calculation

Fluid saturation is the ratio of fluid volume within the pores of the rock to the total
volume of the pores (Brock, 1986). The water saturation is a significant property in the
evaluation of the hydrocarbon reservoirs because its value is used to estimate the hydrocarbon
saturation. Therefore, an accurate determination of the water saturation is needed to calculate
the oil in place. The oil saturation is calculated by the following equation (Brock, 1986):

So =1- SW (10)

In this study, the dual water model is used to calculate the water saturation of the
Khasib Formation. The results show that the water saturation of the Khasib Formation ranges
from 20% to 100% (Fig. 6). The B and C units of the Khasib reservoir represent the best oil-
bearing zones where the oil saturation in these units is about (65%) (Fig. 6). The other units
(A, D, E, F, G, H, I) have a low value of oil saturation (So) ranging between 0 to 20% (Fig. 6).
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Fig. 6. Oil saturation (So) (yellow) and water saturation (sw) (white) of the Khasib reservoir in the East
Baghdad oil field.

Conclusions

The petrophysical characteristics of the Khasib Formation are performed based on the
well log interpretation. The main lithology of the Khasib Formation has been determined as
limestone based on the M-N cross plot method. The interpretation of the gamma ray log
shows that the shale volume of the Khasib Formation ranges from about 15% to about 45%.
The total porosity of the formation ranges between 15% and 23%. The value of the effective
porosity ranges from about 8% to about 18%, and this type is most dominant in the
stratigraphic units B, C, and D of the Khasib Formation. The secondary porosity is the
controlling type in the stratigraphic units A, E, and F of the formation, and its value ranges
from 3% to 8%. The study show also that the B and C units of the Khasib Formation represent
the best hydrocarbon-bearing zones, where these units are characterized by high values of
effective porosity and oil saturation.
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