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Determining petrophysical properties remains a paramount concern for
oil companies, encompassing crucial properties such as porosity,
permeability, and water saturation. Constructing accurate models
requires an in-depth understanding of sedimentary facies within
reservoirs. Despite the challenge posed by the absence of core samples,
this study integrates fifteen well logs, borehole data, and seismic maps
of the Late Turonian-Early Coniacian Khasib Formation from Nasiriya
Oilfield, south of Irag. The Khasib Formation is grouped into
electrofacies by the integration of cluster analysis technique provided
by Geology software using well logs and the borehole data.
Electrofacies models are constrained using Petrel software. The
porosity and water saturation models were built based on the
electrofacies models. The property modeling including electrofacies,
effective porosity and water saturation is stochastically distributed
within the constructed 3D grid using Truncated Gaussian and
Sequential Gaussian Simulation algorithms.  Five different
electrofacies (shale, marly limestone, argillaceous limestone, chalky
limestone, and porous limestone) are recognized. The Khasib
Formation is subdivided into 5 zones (A-E). The zone (Khasib E) is
promising, and accumulates a considerable amount of oil with higher
porosity and lower water saturation in the northwestern part of the field
compared to the southeastern part. The area between the wells Ns-14,
Ns-15, Ns-16 and Ns-18 can be the targeted area for production. Zones
A and B are water-bearing, and they can be used for water injection
purposes. This electrofacies-driven approach provides a detailed and
accurate understanding of hydrocarbon accumulation and subsurface
reservoir heterogeneity, offering valuable insights for OQilfield
operations.
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Introduction

The Turonian-Lower Campanian sedimentary cycle in southern and central Iraq
constitutes around14% of the Cretaceous hydrocarbon reserve, and about 10% of the total Iraqi
reserve (Alsakini, 1992). The Khasib Formation has the greatest amount of these reserves which
reaches up to 90% of the entire hydrocarbon cycle (Sadooni, 2004). The Khasib Formation is
an important hydrocarbon-bearing formation and extends in several Oilfields in southern and
central Iraq (Mohammed, 2018). There are no obvious studies carried out on the Khasib
Formation at the Nasiriya province’s Oilfield considering the reservoir potential and its
distribution within the formation. Some studies were conducted to evaluate the Khasib
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Formation in southern, central, and western Iraq (Sadooni, 2004; Al-Ameri and Al-Obaydi,
2010; Al-Qayim, 2010; Mohammed, 2018; Mohammed et al., 2021).

Khasib Formation was deposited in a basinal to sub-basinal setting and gradually turning
to an open marine shelf (Sadooni, 2004; Al-Qayim, 2010). The formation was deposited in a
ramp ranging from inner ramp in the form of shoal, middle ramp, and outer ramp with a
transgression event caused by the increase of the sea level (Mohammed, 2018). The Chia Gara
Formation of the Upper Jurassic-Lower Cretaceous sourced the Upper Cretaceous strata
including the Khasib (Ameri and Al-Obaydi, 2010). Mohammed (2018) stated that the upper
part of the Khasib Formation in Amara Oilfield (about 180 Km to the NE of Nasiriya (Fig. 1)
mainly consists of mudstone — wackestone facies and contains hydrocarbon accumulations,
while the lower part consists of packstone and some grainstone facies, the lower part contains
the best petrophysical properties. Many diagenetic processes were observed within the Khasib
in the East Baghdad and Amara Oilfields including cementation, dolomitization, dissolution,
stylolitization and bioturbation, which whether have enhanced or destroyed the reservoir
properties in the formation (Al-Qayim at al., 1993, Mohammed, 2018). This interval is
important in the hydrocarbon potentiality in Iraq and other countries such as Egypt and Arabian
Gulf countries (Farouk et al., 2022; 2023).

Understanding the distribution of the porosity, permeability, the volume of shale, and
water saturation within the reservoirs is crucial for the effective exploration and production of
hydrocarbons (Davis, 2018). There has been a growing trend toward the use of 3D modeling
techniques for studying the spatial distribution of these properties. However, applying 3D
models requires the best knowledge about the sedimentary facies and their distribution within
the targeted formation. This can be gained by the sedimentological and petrographical studies
of the carbonate rocks. The missing subsurface core samples make it difficult to obtain the
sedimentary facies of the reservoirs because the core operations are expensive and time-
consuming for petroleum-based companies. The well logs data are essential and accessible
when core and seismic data are missing (Mohammed et al., 2021). Well logs are used for
evaluating the reservoir characterizations of subsurface layers (Towfiqul et al., 2017).
Electrofacies analysis is a powerful tool that allows the characterization of rock properties based
on well logs data. The cluster analysis can be used to group the electrofacies from well logs (Ye
et al., 2000; Kadkhodaie-Ilkhchi et al., 2013; Davis, 2018).

It is a rapid and cost-effective approach that can be used to obtain the different
electrofacies from well logs which are essential for modeling the reservoir characterizations
and determining the oil-bearing intervals (Torghabeh et al., 2014). By applying this technique
to the Khasib Formation, 3D models of the petrophysical properties can be generated within the
formation. This will provide valuable insights into the distribution of hydrocarbons and other
important resources within the formation. It will support improved exploration and production
strategies and identify areas of the formation that may be particularly promising for
hydrocarbon exploration and production. One of the main advantages of using the electrofacies
models is to obtain a better understanding of the heterogeneities and complexities of the
subsurface reservoirs which is critical for optimizing exploration and production efforts.

3D petrophysical distribution in the framework of electrofacies is a valuable tool for
understanding the distribution of fluids within subsurface reservoirs and for optimizing
exploration and production stages. Using advanced technologies such as machine learning and
artificial intelligence are possible to improve the accuracy and efficiency of this approach and
to gain valuable insights into the subsurface environment. Since there were no core samples for
Khasib Formation in Nasiriya Oilfield, the approach of Mohammed et al. (2021) is followed in
this study. We use cluster analysis to group logs data into electrofacies and to distribute
petrophysical properties based on it.
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Aim of study

This study aims to distribute the petrophysical properties of the Khasib Formation in
Nasiriya Oilfield in 3D models, these properties include the effective porosity, the volume of
shale and water saturation. The cluster analysis and electrofacies approach then applied to
understand the heterogeneity of the formation and to evaluate the best oil-bearing zones within
the formation.

Area of Study

The Nasiriya Oilfield is located in Thi-Qar Province, 40 km northwest Nasiriya City,
approximately 300 km southeast of the Capital Baghdad, and 180 km northwest Basra City
(Fig. 1a).
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Fig. 1. (A) The Iraqi tectonic map showing the oil/gas fields (from Mohammed, 2020). (B) The Nasiriya
Qilfield’s structural map showing the top of the Khasib Formation and the locations of the studied
wells.

The field lies on the Euphrates subzone, on the Mesopotamian Foredeep Basin (MFB) of
the stable shelf. The structural contour maps of the Khasib show that the field consists of two
anticlinal structural (dooms) with a general NW-SE trend. The larger one in the northwest
extends from the well Ns-8 to Ns-22, while the smaller one is located in the southeast part,
between the wells Ns-37 and Ns-19 (Fig. 1b). In 1973, the Iraqi National Oil Company (INOC)
discovered the field. Their survey had shown a shallow convex enclosure in the northwestern
part of the field (Mohammed and Dhaidan, 2023).
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The initial company’s reports had shown that the oil is mainly accumulated in the Lower
and Middle Cretaceous reservoirs. These include the carbonate Mishrif Formation, the
sandstone Nahr Umr Formation, and the carbonate Yamama Formation. However, the final
geological reports of Nasiriya Qilfield further showed some evidence of the presence of oil in
the Late Turonian-Early Coniacian Khasib in all the drilled wells. The reports showed that the
oil accumulates mainly at the lower Khasib. The average thickness of the formation exceeds 50
m in the Nasiriya Oilfield.

Owen and Nasr (1958) were the first who described the Khasib Formation in the Zubair-
3 well. They noted that the formation has a thickness that ranges from 50 - 240 m in Basra, in
the MFB, which is also extending to Kuwait, whereas it is absent in Saudi Arabia and Qatar
(Mohammed, 2018). In northern Irag, the Kometan is equivalent to the Khasib, Tanuma and
Sa'di formations. The Khasib Formation is unconformably overlying the Mishrif Formation,
and is conformably underling the Tanuma (Van Bellen et al., 1959). Whereas in the Nasiriya
area, the Khasib Formation is unconformably overlying the Kifl Formation (Fig. 2). The upper
part of the formation (30-35 m thick) mainly consists of chalky limestone intercalated with
argillaceous limestone. While the lower part (15-18 m thick) mainly consists of light brown to
brown, porous limestone, with medium to good oil shows (TOC, unpublished reports).
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Fig. 2. General stratigraphic column of the Nasiriya Oilfield (Mohammed and Dhaidan, 2023), the Khasib
Formation of this study is highlighted with blue recangle.
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Materials and Methods

Sets of well logs including sonic, gamma ray, neutron, density, and resistivity logs,
proposal, and final geological technical reports of fifteen wells in Nasiriya Oilfield are surveyed
and for data collection in this study. Then, the petrophysical characteristics such as the shale
volume (Vsn), effective porosity (PHler), and the water saturation (Sw) are empirically
calculated as follows (Asquith and Krygowski, 2004).

PHIp+ PHI
L e (1)

where: PHI,,;q; 1S the total porosity, PHI, is the porosity derived from density, and
PHI, is the porosity of neutron. PHI , is calculated as below (Eqg. 2) (Asquith and Krygowski,
2004):

— (PmaPo)
PHIp = (F20) @

where: pma is the density of matrix, presumed to be 2.71 g/cm?, which is the density of
calcite. pp is the density log, and ps is the density of fluid, presumed the density of oil (0.95
g/cm3). PHI,,,,; is then amended from the effect of shale to obtain the effective porosity
PHIsr (Eq. 3) (Schlumberger, 1998).

PHI, f = (PHItotal) *(1—-Vsh) ----—------ (3)
where: Vsh is the shale volume obtained using the equation (4) bellow:

Vsh = 0.33(22%CRT — 1) coeemmeen (4)

where: GRI is the Gamma-ray Index obtained from gamma ray log as follows (Eq. 5)
(Schlumberger, 1974).

GRlog—GRsand
GRI = =208~ >1sand
GRshale—GRsand

---------- )

where: GRiqq is the reading from gamma-ray 10g, GRsand and GRshaie are the lowest and
highest gamma-ray readings, respectively.

The water saturation Sw is computed based on Archie’s equation (1942) (Eq. 6):

—(_@RW  am
Sw = (Rt* (PHIeff,)m) (6)
where: The constant values (a, m and n) are assumed to be 1, 2 and 2 respectively, Rw is
the resistivity of formation water, and Rt is the true resistivity log (deep resistivity).

Supervised dynamic clustering is used to obtain different electrofacies from the well logs.
Input logs are gamma ray (GR), sonic (DT), density (RHOB), and neutron porosity (NPHI).
Petrel software is used to build the geological model including electrofacies models with the
reservoir properties such as effective porosity and water saturation.

The structural model of the Khasib Formation is built using the surface map of the tops
and bases of the formation in each selected well as there are no faults that have been captured
in the areas. A simple grid is used with a grid increment dimension of 100*100, seventeen
geological layers are found, and the total number of grid cells is 755412. The electrofacies
models are distributed based on the Truncated Gaussian. Effective porosity and water saturation
derived logs are scaled up into the cellular model and modeled using Sequential Gaussian
Simulation (SGS) conditioned to the facies model. Property modeling processes are used to fill
the gridded cells with discrete (for electrofacies) and continuous (for porosity and water
saturation) properties.
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Results and Discussion
Electrofacies Analysis and Identification

Lithofacies/facies refers to a rock unit with distinctive characteristics. The term can be
used in descriptive and interpretive senses (Walker, 2006). It may highlight a specific
distinctive feature of the rocks and may include a key interpretation of the depositional
environment from which the deposits originated. The term electrofacies refers to groups of well
logs set that respond differently, therefore facies (since well logs are used to group the facies,
we use the term electrofacies). The electrofacies that are characterized by unique petrophysical
well logs responding that in turn, represent different sedimentary facies (Davis, 2018).
Determining electrofacies in reservoir rocks is important role in evaluating the hydrocarbon-
bearing intervals in sedimentary basins (Torghabeh et al., 2014). The cluster analysis technique
is used to group the well logs into electrofacies (Ye et al., 2000). Consequently, data in each
group share some common characters (well log readings) (Ye et al., 2000; Euzen and Power,
2014). To capture all the heterogeneity levels in the reservoir, a lithofacies model can be built
to help geoscientists to understand the distribution of the lithofacies and thus to constrain the
different depositional environments (Mikes and Geel, 2006). Mohammed et al. (2021) have
integrated the well logs, petrographic and core data to determine the electrofacies type, to build
the sequence stratigraphy and to identify the best hydrocarbon bearing zone within the Khasib
Formation in Amara and Noor Qilfields. However, there is no core data available from Khasib
Formation in Nasiriya Field of this study. Therefore, cluster analysis technique and
electrofacies approaches are applied in this study from the available well logs data.

In this study, five different electrofacies are identified within the Khasib Formation. The
petrophysical responses of each electrofacies are shown in Table (1).
Table 1: The electrofacies clustering, color codes, log readings ranges of each electrofacies (GR, DT,

NPHI, RHOB). The table also shows the average of each petrophysical property such as shale volume Vs,
effective porosity PHIE, and total porosity PHIT.

Cluster code GRAPI  DTus/ft NPHI% RHOB g/cc Vsh % PHIE%  PHIT % Lithology
35-81 73-111 27-37 2.19-2.22 76 3 25 Shale
30-40 73-81 6-10 2.56-2.62 24 8 10 Marly limestone
25-36 77-82 15-19 2.32-2.37 26 17 20 Argillaceous limestone
EFC-4 21-27 68-72 12-16 2.45-2.53 19 13 17 Chalky limestone
EFC-5 12-22 78-82 19-25 2.30-2.35 6 20 22 Porous limestone

The integration of cluster analysis and boreholes data include information from the
cuttings of the drilled wells showed that:

EFC-1 consists of light grey to grey shale. Logs response for these facies shows a high
gamma-ray reflected in the volume of Vsn with low density log reading. This electrofacies type
has recorded high total porosity. However, they are seemingly unconnected; thus, the effective
porosity is low in this type of facies.

EFC-2 consists of light grey marly limestone. It records medium to high gamma-ray log
readings, high density log readings and low neutron log readings. These types of electrofacies
are dominantly observed in zone F, D and C (Fig. 3).

EFC-3 consists of light grey, finely crystalline argillaceous limestone. Gamma-ray log
response is from medium to high readings. This shows good effective porosity. However, most
pores are filled with water as will be discussed later. These types of facies are found mainly in
the upper part of Khasib Formation, in the zone Khasib A.

EFC-4 consists of white, soft, finely crystalline chalky limestone. The main
characteristics of this lithofacies are the low gamma-ray log reading and moderate effective
porosity.
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EFC-5 consists of beige and light brown to brown, medium crystalline porous limestone.
It has shown a low gamma-ray log reading, high porosity and moderate water content at the
lower part turning to high-water content at the upper part of Khasib Formation. This
electrofacies is dominated in zones B and E.
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Fig. 3. Well logs cross-section showing the correlation of some petrophysical properties such as the
volume of shale (Vsn), density log (RHOB g/cc), effective porosity (PHI), water saturation (Sw) for wells Ns-
9,7, 16, and 18.

Khasib Petrophysical Zones

The Khasib Formation is vertically subdivided into six zones based on the petrophysical
properties such as PHIE, PHIT, Vs, and Sw. These are Khasib (A, B, C, D, E and F) (Fig. 3).
The description of each zone is shown in Table (2). Zone F starts from the top of the Kifl
Formation and represents the bottom of the Khasib Formation. Zone E contains the major
reservoir unit characterized by a high effective porosity and low water content. Zone D mainly
comprises the light grey to grey marly limestone and shows poor reservoir characteristics;
therefore, it forms the main seal rock of the main reservoir unit (E) of the Khasib Formation,
where it displays a low porosity, high water content and high to medium shale content. Zone C
contains dark grey and fissile shale with marly limestone. Zone B contains medium crystalline
porous limestone interbedded with chalky limestone. Zone A mainly consists of chalky
limestone intercalated with argillaceous limestone having a high-water content. This zone has
recorded a larger thickness than other zones. These electrofacies integrated with the
petrophysical results show that zones E with the dominated EFC-5 have the best petrophysical
properties (Table 1 and Fig. 3). The results show that the cluster analysis technique can provide
an accurate, rapid, and cost-effective method to subdivide the reservoirs and identifying
electrofacies in the reservoirs.
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Table 2: The petrophysical description of each zone, the ranges, and averages of each shown
petrophysical property, shale volume Vsn, effective porosity PHIE, water saturation Sw, in all studied
wells. The zones are ordered from the lower to the upper part of the Khasib Formation.
@ E Ven % PHIE % Sw%
5 Lithological description © Range Range Range Reservoir Description
N = (Average) (Average)  (Average)
Light grey to dark grey colored, marly, fine ) ) )
F crystalline limestone interbedded with 3.7 5-36 4-10 88 - 100 Moderate /Water bearing
- ; (20) ©) (94)
argillaceous limestone
Light brown to brown, porous limestone with 3-7 12-22 24 -79 . .
E chalky limestone 79 ©) (17) (51) Good/Oil bearing
. . 5-30 5-8 81-100 .
D Light grey to grey marly limestone 5.6 Sealin
gntgrey to grey y 17) @) (90) g
. . . 54 - 100 1-4 95 - 100 .
C Dark grey, fissile shale with marly limestone 25 Sealin
ey Y (77) @ (97) §
Beige, medium crystalline, porous limestone, 4-10 11-22 75-100 -
B interbedded with chalky limestone. 75 % (16) 87) Good/Water bearing
Chalky limestone interbedded with 18. 11-37 8-15 80 - 100 .
A argillaceous limestone 8 (24) (12) (90) Moderate/Water bearing

Geological Modeling

Well correlation is an easy way to gain an initial thought about the subsurface geological
layers and grant a simple visualization of the thickness and the petrophysical properties between
wells across the fields. The transverse cross-section is drawn across the wells Ns-18, 16, 9 and
7. This cross-section shows that Ns-9 is stratigraphically higher than other wells, and generally,
the thickness increases toward southeast (Fig. 3). The unit Khasib E shows the highest averaged
effective porosity with the lowest averaged water content, and therefore, it is recognized as the
main horizon bearing hydrocarbon. While the porous units of Khasib A and B have also
recorded a high porosity. However, most of the porosity is filled with water; therefore, forming
water-bearing horizons (Fig. 3 and Table 2). It is further observed that unit Khasib A has a
higher volume of shale recording argillaceous limestone as the dominated electrofacies in this
zone. The marly limestone is dominated in units of Khasib D and F, showing a reduction in the
effective porosity, and increasing in the water content in these units (Table 2 and Fig. 3). Khasib
C is the main shale layer across the entire Nasiriya Field (Figs. 3 and 7), while zone D shows a
low porosity. It is therefore, Khasib C and D are possibly sealing the main reservoir unit of
Khasib E.

Electrofacies are built for each zone to understand the facies distribution and the geometry
in the formation across the Nasiriya Oilfield. The facies models are constructed based on the
electrofacies and thicknesses that have been defined from the fifteen studied wells (Fig. 4). It
is possible to observe the sea level change and the evolution of the Khasib Formation over time.
The Khasib Formation was deposited in a carbonate ramp slopping forward NE the seaward,
where the deeper facies are likely deposited at the NE and the shoreline where the porous facies
are deposited at the SW (Fig. 4d).
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Fig. 4. Lithofacies maps of Khasib Formation in each zone, (a) corresponds to the bottom of the
formation (represented by zone Khasib E) while (h) represents the top of the Khasib Formation
(representing zone Khasib A).

Distributing of the petrophysical parameters such as the effective porosity and water
saturation between the studied wells, shows the reservoir heterogeneity across the entire
Nasiriya Field. Petrophysical modeling is the interpolation or simulation of continuous data
(porosity, water saturation) throughout the model’s grids. Deterministic and stochastic methods
are available for the distribution of continuous characteristic in the reservoir modelling. The
results of the property models show that the unit Khasib E has the best petrophysical properties
(Fig. 5,6 and 7).

The porosity models have shown that the highest porosity readings dominated in zone
Khasib E. The porosity increases in the NW (larger doom) between the wells Ns-18, Ns-16, Ns-
15, and Ns-14. The SE part (the smallest doom, between Ns-37 and Ns-19) of the field also
shows high porosity distribution (Fig. 4c, and Fig. 7). However, the NW part of the field has
low water content, whereas the SE part shows higher water saturation (Fig. 5c).

The area between the wells Ns-18, Ns-16, Ns-15 and Ns-14 is of interest when targeting
Khasib Formation. The volumetric calculations of Khasib zones show that the Khasib E unit
contains a commercial hydrocarbon accumulation, while Khasib A and B are water-bearing
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zones and contain promising water amounts that can be used for water injection purposes. The
shale in the lower part of the Tanuma Formation representing a good seal for those units.

3472000

588000 592000 596000 600000 580000 584000 588000 592000 596000 600000

Porosity

3476000

Khasib E

somm0 £
Khasib F N .g

3472000

3472000

3468000

3476000

Khasib E N
top

Khasib D

3472000

3468000

0009L%¢

3464000

< Porosity Effective ' ' Porosity Effective
i @o. L : i moz i
0.18 T . 0.15 g
gaa 0 2 4 6 8 10Kﬁ\._1, A ;
580000 584000 £88000 ‘msmoo 586000 600000 604000 2
g 580000 584000 588000 592000 596000 600000 604000 g
£
3 : N 3
e Khasib B N :
base
g H
& i
3 3
§ i
3 3
§ g Porosity Effective
; 0.20
'S | 55 §
: 0.05 L2
175008
580000 584000 592000 596000 600000 804000 580000 584000 588000 692000 596000 600000 604000
g 580000 584000 588000 592000 596000 800000 604000 ]a g 580000 584000 588000 592000 596000 600000 604000 ¢
ey , Khasib A N f°h Khasib A N Tﬁ
t % base !
g G » e
g . £
g r:s-17 g -§ g
: ' i )
2
3 H] Ty §

Porosity Effective

000¥9%¢

3464000
ooo
NN
owno

175098

580000 584000 588000 592000 596000 500000
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Fig. 7. Inter-cross sections showing the variation of (a) the electrofacies, (b) effective porosity, (c)
water saturation across the wells Ns-18, Ns-16, Ns-7, and Ns-9.

Conclusion

The study aims to model and distribute the reservoir properties (lithofacies/ electrofacies,
effective porosity, and water saturation) in the Khasib Formation in Nasiriya Oilfield based on
well logs data using a combination of Geology and Petrel softwares. It can be concluded that:

1. The structural contour maps of the Khasib Formation show that the Nasiriya Oilfield
consists of two anticlinal structural (dooms) with a general NW-SE trend, 24 km long, and
5km wide. The larger one at northwest extends from well Ns-8 to Ns-22, while the smaller
one at southeast is situated between wells Ns-37 and Ns-19.

2. Dynamic clustering is used to group the formation into electrofacies. Truncated Gaussian
with trends is used to distribute electrofacies. Five different electrofacies are recognized,
they are: shale (EFC1), marly limestone (EFC2), argillaceous limestone (EFC3), chalky
limestone (EFC4) and porous limestone (EFC5). The electrofacies EFC5 has the highest
effective porosity and lowest shale volumes. The results show that the clustering analysis
technique is an accurate, cost-effective, and rapid technique for zoning reservoirs and
identifying electrofacies.

3. The Khasib Formation is subdivided into six zones (Khasib A-F). Khasib E is the best zone
that encompassed by excellent reservoir properties (low water content and high effective
porosity); and therefore, represents the prime oil-bearing zone in Khasib Formation. Zone
C is the shale layer and extends across the field; thus, it can be a bed marker layer. Zones C
and D are the main sealing layers, while zones A and B are water-bearing horizons, and
they can be used for injection purposes for the field development plans.

4. The 3D model distribution of the water saturation and the effective porosity show that in
the oil-bearing layer (Khasib E), the northwestern part has a higher effective porosity
compared to the southeastern part of the Nasiriya Field. The southeastern part has higher
porosity but with higher water saturation. Therefore, the area between wells Ns-18, Ns-16,
Ns-15, and Ns-14 is promising when targeting the Khasib Formation.



257

Mohammed K. Dhaidan et al... ....

Conflict of Interest

The authors declare that there are no conflicts of interest regarding the publication of this
manuscript.

References

Al-Ameri, T.K. and Al-Obaydi, R.Y., 2010. Cretaceous petroleum system of the Khasib and
Tannuma oil reservoir, East Baghdad oil field, Irag, Arabian Journal of Geoscience, vol.
4, pp. 915-930, https://doi.org/10.1007/s12517-009-0115-4

Al-Qayim, B., 2010. Sequence stratigraphy and reservoir characteristics of the Turonian-
Coniacian the Khasib Formation in central Iraq, Journal of Petroleum Geology, vol. 33,
p. 387-403, https://doi.org/10.1111/].1747-5457.2010.00486.x

Al-Qayim, B., Al-Saadoni F. and F. Al-Baiaty, F., 1993. Diagenetic Evolution of the Khasib
Formation, East-Baghdad Oil Field, Irag, Iragi Geological Journal, vol. 26, pp. 56-72.
https://www.researchgate.net/publication/273131909

Alsakini, J., 1992. Summary of petroleum geology of Iraq and middle east, Naft Al-Ahamal
Press, Kirkuk.186 pp. unpublished thesis. (In Arabic).

Archie, G.E., 1942. The electrical resistivity log as an aid in determining some reservoir
characteristics. AIME 146, 54. https://doi.org/10.2118/942054-G

Asquith, G.B. and Krygowski, D., 2004. Basic Well Log Analysis, In: AAPG Methods and
Exploration Series, second ed., vol. 16. The American Association of Petroleum
Geologists, Oklahoma, 244 p. https://doi.org/10.1306/Mth16823

Davis, J.C., 2018. Electrofacies in Reservoir Characterization, In: Daya Sagar, B., Cheng Q.,
and Agterberg, F., (Eds.) Handbook of Mathematical Geosciences, Cham; Springer.
https://doi.org/10.1007/978-3-319-78999-6_11

Euzen, T. and Power, M.R., 2014. Well log cluster analysis and electrofacies classification: a
probabilistic approach for integrating log with mineralogical data, American Association
of Petroleum Geologists, 4 p. https://api.semanticscholar.org/CorpuslD:54223094

Farouk, S., Sen, S., Abuseda, H. et al., 2022. Petrophysical Characterization of the Turonian
and Cenomanian Intervals in the Abu Gharadig Field, Western Desert, Egypt: Inferences
on Reservoir Quality and Resource Development. Nat Resour Res. Vol. 31, p. 1793—
1824. https://doi.org/10.1007/s11053-022-10069-0

Farouk, S., Sen, S., Saada, S.A. et al., 2023. Characterization of Upper Cretaceous Matulla and
Wata clastic reservoirs from October field, Central Gulf of Suez, Egypt. Geomech.
Geophys. Geo-energ. Geo-resour. 9, 106. https://doi.org/10.1007/s40948-023-00648-7

Kadkhodaie-1lkhchi, R., Rezaee, R., Moussavi-Harami, R. and Kadkhodaie-llkhchi, A., 2013.
Analysis of the reservoir electrofacies in the framework of hydraulic flow units in the
Whicher Range Field, Perth Basin, Western Australia, Journal of Petroleum Science and
Engineering, vol. 111, p. 106-120, https://doi:10.1016/j.petrol.2013.10.014

Mikes, D. and Geel, C.R., 2006. Standard facies models to incorporate all heterogeneity levels
in a reservoir model, Marine and Petroleum Geology, vol. 23, p. 943-959,
https://doi.org/10.1016/j.marpetgeo.2005.06.007

Mohammed, A.K.A., 2020. Anomalous porosity preservation in the Lower Cretaceous Nahr
Umr Sandstone, Southern Irag, Russian Journal of Earth Sciences, vol. 21, ES2001,
https://doi.org/10.2205/2020ES000739



https://doi.org/10.1007/s12517-009-0115-4
https://doi.org/10.1111/j.1747-5457.2010.00486.x
https://www.researchgate.net/publication/273131909
https://doi.org/10.2118/942054-G
https://doi.org/10.1306/Mth16823
https://doi.org/10.1007/978-3-319-78999-6_11
https://api.semanticscholar.org/CorpusID:54223094
https://doi.org/10.1007/s11053-022-10069-0
https://doi.org/10.1007/s40948-023-00648-7
https://doi:10.1016/j.petrol.2013.10.014
https://doi.org/10.1016/j.marpetgeo.2005.06.007
https://doi.org/10.2205/2020ES000739

Petrophysical Properties Distribution in The Framework of Electrofacies for Khasib Formation in Nasiriya........

Mohammed, A.K.A. and M. Dhaidan, M., 2023. Well logs data prediction and petrophysical
calculations of Mishrif Formations in the Well Ns-35, Nasiriya Field, south of Iraq, Iraqi
Journal of  Science, vol. 64, no. 1, pp. 253-268. DOI:
https://doi.org/10.24996/ijs.2023.64.1.24

Mohammed, A. K. A., 2018. Reservoir characteristics of the Khasib Formation in Amara Field,
southern Iraq, Iragi  Geological ~ Journal, vol. 51, pp. 54-74,
https://doi.org/10.46717/igj.51.2.4Ms-2018-12-26

Mohammed, A.K.A., Dhaidan, M., Al-Hazaa, S., Farouk Sh. and Al-Kahtany K., 2021.
Reservoir Characterizations and Correlation of the Upper Turonian Lower Coniacian
Khasib Formation, South Iraq: Implications from Electrofacies Analysis and a Sequence
Stratigraphic Framework, Journal of African Earth sciences. vol. 186, 104431,
https://doi.org/10.1016/j.jafrearsci.2021.104431

Owen, R.M. and Nasr, S.N., 1958. Stratigraphy of the Kuwait-Basrah area. In: L.G. Weeks L.
G., (ed.) Habitat of oil, American Association of Petroleum Geologists, vol. 1, pp 1252-
1278. https://doi.org/10.1306/SV18350C50

Sadooni F. N., 2004. Stratigraphy, depositional setting and reservoir characteristics of Turonian
— Campanian carbonates in central Irag, Journal of Petroleum Geology, vol. 27, pp. 35-
371, https://doi.org/10.1111/].1747-5457.2004.tb00063.x

Schlumberger, 1974. Log Interpretation, I1-applications. New York.

Schlumberger, 1998. Cased Hole Log Interpretation Principles/Applications.

Torghabeh, A., Rezaee, R., Moussavi-Harami, R., Pradhan, B., Kamali, M. and Kadkhodaie-
Ilkhchi, A., 2014. Electrofacies in gas shale from well log data via cluster analysis: A
case study of the Perth Basin, Western Australia, Central European Journal of
Geosciences, vol. 6, pp. 393-402, https://d0i:10.2478/s13533-012-0177-9

Towfiqul Islam, A.R.M., Shuanghe, S., Islam M.A. and Sultan-ul-Islam M., 2017.
Paleoenvironment of deposition of Miocene succession in well BK-10 of Bengal Basin
using electrofacies and lithofacies modeling approaches, Modeling Earth Systems and
Environment, vol. 3, no. 5, https://doi.org/10.1007/s40808-017-0279-y

Van Bellen, R. C., Dunnington, H. V., Wetzel R. and Morton, D., 1959. Lexique
Stratigraphique International, vol. 11l, Asie, Fascicule 10a. Iraq. Centre National de la
Researche Scientifique, Paris. https://api.semanticscholar.org/CorpusiD:128726684

Walker, R. G., 2006. Facies Models Revisited: Introduction, in: H.W. Posamentier and R.G.
Walker (Eds.), Facies Models Revisited, SEPM Society for Sedimentary Geology, Tulsa,
Oklahoma, https://doi.org/10.2110/pec.06.84.0001

Ye, S.J. and Rabiller, P., 2000. A new tool for electro-facies analysis: multi-resolution graph-
based clustering, In SPWLA 41st annual logging symposium, society of petrophysicists
and well-log analysts. Dallas, Texas, 4-7.
https://api.semanticscholar.org/CorpusiD:127815041



https://doi.org/10.24996/ijs.2023.64.1.24
https://doi.org/10.46717/igj.51.2.4Ms-2018-12-26
https://doi.org/10.1016/j.jafrearsci.2021.104431
https://doi.org/10.1306/SV18350C50
https://doi.org/10.1111/j.1747-5457.2004.tb00063.x
https://doi:10.2478/s13533-012-0177-9
https://doi.org/10.1007/s40808-017-0279-y
https://api.semanticscholar.org/CorpusID:128726684
https://doi.org/10.2110/pec.06.84.0001
https://api.semanticscholar.org/CorpusID:127815041

