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The northern portion of the Egyptian Western Desert is a very promising oil-producing province. The Abu
Roash and Bahariya formations in Abu Sennan Field have a diverse lithological composition, leading to
variances in reservoir continuity both horizontally and vertically. The reservoir heterogeneity problem is
addressed by utilizing datasets derived from five wells and 3D seismic data that covers the full region of
Abu Sennan. The lithology and reservoir levels were determined using geophysical well data. The
investigated formations consist of sandstone, carbonate, and shale. The “E” and “G” members of the Abu
Roash Formation, in addition to the Bahariya Formation, have the highest potential for containing hy-
drocarbons. Abu Roash E has a range of net pay from 17—47 m, shale volume ranging from 17% to 36%,
effective porosity ranging between 20% and 26%, and oil saturation ranging between 49% and 77%. The
Abu Roash “G” has a net pay range of 7—34 m, a shale content ranging from 5% to 42%, an effective
porosity between 10% and 24%, and a hydrocarbon saturation ranging from 46% to 60%. The Bahariya
Formation has a vertical thickness of 12—62 m, with a percentage of shale ranging from 16% to 44%. The
formation also exhibits an effective porosity ranging from 15% to 26% and an oil saturation ranging
between 46% and 77%. Analyzed 3D seismic data were utilized to create depth-structure maps. Seismic
data interpretation and petrophysical analysis enabled the creation of 3D models for the structures and
reservoirs in the Abu Sennan region. The static models served as the main inputs for calculating the
volumetrics and generating two additional interesting opportunities in the researched region. For the
investigated reservoirs, the estimated stock tank oil in place was about 394, 216, 376, and 601 (x 108 rn3)
for AR/E, AR/F, AR/G, and Upper Baharyia, respectively. The projected volumes show the potential of the

investigated intervals.
© 2025 Southwest Petroleum University. Publishing services by Elsevier B.V. on behalf of KeAi
Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

discovered in Egypt's Western Desert [4,6—11]. The significant
thickness of the sedimentary layers, particularly the primary reser-

The discovery and production of hydrocarbons, including oil and
natural gas, have been crucial in fostering economic expansion, in-
dustrial development, and technical progress. The Egyptian Western
Desert is the site of recent hydrocarbon discoveries as reported by
many scholars [1-5]. After a lengthy history of investigation, po-
tential reservoir and source rocks, such as the Upper Cretaceous
Bahariya and Middle Jurassic Khatatba formations, have been
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voirs in the Western Desert, along with the valuable results of source
rock analysis, have led to the recognition of the Abu Gharadig Basin
as the primary producing basin in the northern area of the Western
Desert [12—18]. The Abu Sennan oil field is situated in the eastern
section of the Qattara Depression, which is part of the Abu Gharadig
Basin. It is located between latitudes 29°30’N and 29°40’N and
longitudes 28°30’E and 28°40’E (Fig. 1), covering approximately
300 km? and being approximately 200 km west of the Nile River and
20 km south of the Abu Gharadig Gas Field [19—25].

The Abu Roash and Bahariya formations contain several rock types,
and the characteristics of the reservoirs vary in both horizontal and
vertical directions [26,27]. Many authors have studied the Abu
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Fig. 1. The map showing the location of the Abu Sennan oilfield as well as the seismic lines and wells.

Gharadig Basin from different viewpoints [12,19—25,28—31]. An
extensive analysis of the components and mechanisms of the petro-
leum system has revealed the most potential for petroleum in the Abu
Sennan region, with the Bahariya Formation serving as the reservoir
[32]. This study uses well logs and seismic data to identify and eval-
uate reservoir intervals, constructing 3D static models using a variety
of modeling methodologies via Petrel software [33—36]. While the
previously mentioned study investigated only the Bahariya Forma-
tion as a reservoir rock, the current study focuses on both Abu Roash
and Bahariya reservoirs. This research uniquely focuses on assessing
the potential of the Abu Roash and Bahariya reservoirs in the Abu
Sennan Field. The primary goal is to integrate geological, geophysical,
and petrophysical data to construct three-dimensional static reser-
voir models, enabling a thorough evaluation of hydrocarbon capacity.
Additionally, the study aims to estimate oil recovery potential and
total reserves, while identifying new opportunities for field devel-
opment [37—40]. These findings will support strategies to boost
production rates and provide critical insights for formulating a
development plan for the Abu Sennan oil field.

2. Geologic settings

Tethyan rifting transformed the Abu Gharadig Basin into a large,
half-graben basin during the Jurassic period. It then sank
throughout the Cretaceous period. Subsequently, the half-graben
underwent inversion as a result of the Syrian Arc Deformation,
which caused significant destruction in northern Egypt during the
Late Cretaceous period. This research specifically examines the
Bahariya and Abu Roash formations, which serve as the main res-
ervoirs for oil production in the Abu Sennan region.

These formations have been the subject of several previous
studies [30—32,41—43]. A study by Ref. [44] concluded that the
northern part of Egypt was subjected to three tectonic events. The
first event, which occurred during the Paleozoic—Triassic period,
resulted in a northwest or west-northwest structural trend. The
second event, which took place during the Cretaceous period, was
caused by the east-northeast Syrian Arc system. The third event,
occurring during the Late Eocene—Early Oligocene period, led to the
formation of a northwest structural direction in the Gulf of Suez
and a north-northeast Aqaba direction (Fig. 2).

Said, 2017 indicated that normal fault-controlled structures in-
fluence the northern region of the Western Desert. The analysis of
seismic and well-log data can help identify and understand these
structures. In the northern portion of the Western Desert, the
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underlying geological formation is made up of a series of struc-
turally elevated areas that run NNW—SSE and a series of structur-
ally depressed areas that run in the same direction (along the Gulf
of Suez). Extensive zones of structures trending NE-SW (Syrian Arc
System) complicate this structure. The NW—SE trend is reported in
several Tertiary surface structures lying NE of Siwa and extending
along Moghra, Wadi El-Natrun, and the Nile Delta [46]. During the
Early Jurassic and Cretaceous eras, the Abu Sennan region saw a
sequence of normal faults that were aligned in a northeast to
southwest direction [47,48]. Abu Sennan anticlines were formed
during the Late Cretaceous—Middle Eocene epoch as a result of
structural inversion occurring in these faults.

The lithostratigraphic sequence of the Abu Gharadig Basin spans
from the Precambrian to the Quaternary period [49], and the lith-
ostratigraphic section in Abu Sennan field is similar to the northern
Western Desert (Fig. 3). The stratigraphic column in the Abu
Sennan oil field shows that the Khatatba Formation, which consists
of sandstone, shale, and limestone, is found in the Middle Jurassic. It
is situated above the Wadi El-Natrun Formation, which is primarily
composed of sandstone and shale, in the Lower Jurassic. The Kha-
tatba Formation also underlies the Masajid Formation, which is
made up of limestone and shale, in the Lower Cretaceous [4,50,51]
Limestone and sandstone make up the Alam El-Beuieb Formation,
which is located unconformably above the Masajid Formation and
unconformably under the Alamine Dolomite Formation, both of
which are part of the Lower Cretaceous [50,51]. The Alamine
Dolomite Formation conformably underlies the Dahab Shale and
Kharita Formations comprising sandstone and shale. The Bahariya
Formation of the Upper Cretaceous is primarily composed of
sandstone, with thin layers of shales and limestone [41,42]. The
formation unconformably rests above the Kharita Formation and
conformably sits below the Upper Cretaceous Abu Roash Forma-
tion. The Bahariya Formation is split into seven members (A, B, C, D,
E, F, and G) and is composed of limestone with sandstone and shale
intercalations. The Abu Roash Formation is found beneath the
Upper Cretaceous Khoman Formation, with an unconformity be-
tween them. The Khoman Formation consists of chalk and shale.
The Dabaa Formation, which is of Middle Eocene-Oligocene age, is
composed of shale and is found on top of the Paleocene-Eocene
Appolonia Formation, which comprises of limestone and shale, in
a conformable manner [52—54]. It underlies the Miocene Moghra
Formation, which is composed of sandstone, shale, and limestone.
As stated by Ref. [45], the east-west elongated intra-cratonic rift
basin links to the Abu Gharadig Basin.
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Fig. 2. The location map shows the different basins of the northern part of the Western Desert. The small red square represents the studied General Petroleum Company concession,

Abu Gharadig Basin, north of the Western Desert modified after [45].

3. Materials and methods

A complete set of records for five wells, penetrating reservoir
layers in the investigated area, and a 3D seismic volume covering
the entire Abu Sennan field (Fig. 1), were used to conduct this in-
tegrated study (evaluating reservoir layers, modeling the structural
framework, and building 3D static facies and property models of
the reservoirs). A detailed description of the used data and applied
methods is provided through the following points.

3.1. Well logging data

For the current investigation, four wells in the examined region
were provided with a comprehensive set of logs, including gamma-
ray (GR), resistivity, neutron, density, and acoustic logs, in both Las
and Asci formats. The well logs given enabled the qualitative and
quantitative identification, examination, and evaluation of the
petrophysical parameters of the hydrocarbon-bearing formations
(Abu Roash and Bahariya formations) in the area under study.

3.2. Lithological identification

The lithological compositions of the formations under study were
determined by analyzing the data from several geophysical logs,
including gamma ray, resistivity, density, and neutron logs. Addition-
ally, lithological identification graphs such as M—N and Neutron-
density cross plots were utilized [56,57]. The M—N cross plot utilizes
density, compensated neutron, and acoustic data to identify binary and
ternary mineral combinations [17,18,34,51,58—60]. This technique
employs the properties of fluid and log characteristics, which are
combined in the three porosity logs: sonic, density, and neutron. The
M—N cross plot, sometimes referred to as the Tri-porosity plot, is a
visual tool employed for the analysis of the relation between M and N
parameters. The cross plot technique is employed to identify the
mineral composition inside intricate lithological formations.
The porosity logs are utilized to compute two functions (M and N)
that are not influenced by the main porosity. Consequently, plotting
these two numbers against each other allows for a broad lithologic
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categorization [35,61]. The M—N plot may be used to identify minerals
and assess the lithologic composition of each zone in relation to the
standard M—N values of common minerals and rocks [61—63]. The
definitions of M and N are as follows:

(1)
(2)

N=(Dng—DPniog)/(pp—pp1)
M=(4 tﬂfA tlog)/(pbfpﬂ) x0.01

where:

®np is neutron porosity of the fluid (typically that of water, used as a
reference),

®niog is neutron porosity value read from the log,

pp is bulk density, g/em?,

pp is fluid density, g/cm?,

Atp is sonic travel time (transit time) of the fluid, ps/ft,

Atog is sonic travel time measured from the log, in ps/ft.

The other graph used for lithological identification in this study
is the Neutron-density cross plot.

3.3. Shale volume calculation

The volume of shale was determined in the present study by
applying Eq. (3) and analyzing the gamma-ray log.
VshGR:( C'.Rlog— GRmin)/( GRmax_GRmin) (3)
where:

Vsher is volume of shale calculated from the gamma-ray log,
GRiog is gamma-ray value from the well log at a particular depth,

GRpmin is minimum gamma-ray value (typically clean sand baseline),
GRmax is maximum gamma-ray value (shale baseline).

3.4. Porosity and fluid saturation calculation

The presence of neutron and density logs in the available well-
logged data allowed for the computation of both total and effective
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Fig. 3. A generalized lithostratigraphic column of the Abu Sennan oil field, in the Abu Gharadig Basin illustrating the possible petroleum system elements in the study area modified

after [52,55].
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Fig. 5. Lithosaturation panel representing the computer processed interpretation (CPI) and manifesting the vertical distribution of the calculated petrophysical parameters (shale

volume, effective porosity, and saturation).

porosity using the neutron-density model. The previously deter-
mined shale volume allowed for the determination of the effective
porosity, a portion of the overall porosity. The resistivity of the
formation water, Ry, was calculated through Pickett's plot, which
included plotting porosity against deep resistivity [64]. Given that
the reservoirs under investigation consist of sandstones with a high
clay content, the dual-water model was employed to estimate the
saturation of water. This explanation describes how clay minerals
impact the resistivity of the reservoir rock, according to the dual-
water hypothesis, which states that the reservoir contains two
kinds of fluids: bound water inside the clay matrix and free water in
the rock’s pore spaces [65]. Developing a reliable explanation for

Table 1

the conduction that takes place within the surface volume of the
clay mineral was the primary motivation for developing the dual-
water model. We aimed to take conductivity into account in the
double layer, its immediate vicinity, and the unaffected clay layer.
The dual-water model is an improvement on the Waxman-Smits
model that accounts for saturation of water. Assuming the iden-
tical conduction geometry of free water and clay counterions,
it functions [66]. The dual-water model equation is as follows:
VoQu [/ 1 1
Swt (H a Eﬂ

Rw

= (4)

1 SL[1
R~

The resulted petrophysical parameters calculated for Abu Roash members and Baharyia Formation.

Well Fm. or member Net pay [m.] Clay volume [%] Effective porosity [%] Oil saturation [%]
SWS-01 AR/C 9.25 58 20 79
AR/D 19.75 30 27 81
AR/E 24 36 25 77
ARJF 145 19 19 81
AR/G 7 42 10 75
Baharyia 27.5 44 15 77
SWS-03 AR/C 412 27 20 45
AR/D 10 8 21 62
ARJE 47.5 24 25 49
ARJF 15 2 22 68
AR/G 15 12 23 46
Baharyia 28 24 22 46
SWS-09 AR/C — — — —
AR/D 5.13 3 16 68
AR/E 38.15 21 20 56
AR/F 3.79 6 20 66
AR/G 33.86 15 21 55
Baharyia 62.35 24 18 48
SWS-18 AR/C 16.5 19 24 48
AR/D 21 2 24 46
AR/E 174 18 26 54
AR/F 4.5 17 19 43
AR/G 12.5 5 24 56
Baharyia 125 21 26 46
SWS-33 AR/C 8.9 14 26 51
AR/D 11.2 8 24 52
AR/E 31.42 22 22 54
AR/F 5.47 5 22 43
AR/G 18.44 12 24 60
Baharyia 14.33 16 17 47
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e

Fig. 6. An interpreted NE—SW-trending seismic section illustrating the different trends of the normal faults affecting Abu Sennan.

The variable R, indicates the deposit's resistivity. R,y refers to the
water resistivity, whereas R, refers to the clay-bound-water re-
sistivity. Q, represents the effective concentration of clay counterions,
while VQ represents the volume of the clay-water mixture. The for-
mation resistivity factor is denoted as Fy. The hydrocarbon saturation
was determined by applying the following equation after determining
the water saturation:

Spr=1-"Sy (5)

After calculating the petrophysical parameters, both vertical and
lateral distribution of the output results were conducted via the
lithosaturation panel and iso-parametric contour maps, respectively.

3.5. Seismic data analysis

A 3D seismic volume was used to characterize the subsurface
structural settings and model a 3D structural framework of the
area. The first and the most crucial step in the seismic data inter-
pretation process is the seismic-well tie step. The presence of more
than one check shot survey permits an accurate seismic-well tie.
Using this tie, the tops of the studied surfaces were identified and
then picked all over the study area. The interpreted horizons of
interest enabled the creation of structure contour maps to generate
new prospects. Computer-based seismic analysis was conducted to
identify the structural framework, map the chosen formations, and
evaluate the hydrocarbon potentiality of the investigated

0
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800 [
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1600

2000

2400 - TWT picked/ms

Fig. 7. The time-depth relation used for the time-depth conversion.
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reservoirs, the Abu Roash and Bahariya formations. The first step in
seismic data analysis is a seismic-well tie. This step was accom-
plished using the provided check-shot survey in the study area.
After applying the tie and identifying the tops of the targeted for-
mations, a 3D horizon tracing for the targets was accomplished, and
the data were used to interpret the affected structure. The faults
affecting the area were easily identified, interpreted, and picked.
Three primary fault trends were recognized. Time-structure maps
were constructed for the studied horizon. After that, a time-depth
conversion was conducted utilizing the time-depth relation ob-
tained from the given checkshot data to create depth-structure
maps for the same horizons.

3.6. Reservoir modeling

Since building the structure, facies, and property models is the
primary tool to attain this study's objective, integrating seismic and
petrophysical data was accomplished, as they represent the back-
bone of the facies and property modeling [51,67,68]. Integrated
petrophysics and seismic data are used to determine the ranges of
lithotypes and rock properties through Petrel software. Static
reservoir modeling is a powerful tool for outlining reservoir
boundaries. 3D static reservoir modeling is used for the studied
reservoir, starting with building a facies model using various logs
from the wells penetrating the reservoir levels and ending with
establishing the petrophysical, porosity, and saturation modeling of
the investigated reservoirs in the study area.

3.7. Structural modeling

This study considered the fault-modeling, pillar-gridding,
horizon-making, and layering processes. Pillar-gridding is primarily
used to create a skeletal fault framework to guide the grid frame-
work by aligning cells parallel to the fault and transforming them
into surfaces. These cells can be used for geomodeling and static
modeling in addition to flow simulation. The interpreted horizons
are used for horizon making step and after that, each layer was
subdivided into sublayers which is called layering process [51].

3.8. Facies and petrophysical modeling

Comprehensive equations were used to create a discrete facies
log from the log responses for the studied intervals. This log was
upscaled and finally distributed over the area using stochastic
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Fig. 8. Depth-structure contour maps illustrating the subsurface structure on top: (a) Abu Roash C, (b) Abu Roash D, (c) Abu Roash E, (d) Abu Roash G members, and (e) the Bahariya

Formation.

methods. Facies typing and analysis are crucial in choosing satis-
factory techniques used in property modeling, [69]. The property
modeling is done by using the upscaled log-derived petrophysical
parameters and spreading them out in the area based on how the
facies are distributed. To properly characterize static reservoirs,
whether continuous or discontinuous, it is essential to spread these
properties throughout the grid by giving a value to each cell. We
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used the facies distribution to help us generate fresh drilling pos-
sibilities. Analyzing the geophysical data given for the wells in the
study zone allowed us to establish the effective porosity and oil
saturation. After that, these parameters were spread out across all
the wells via extrapolation. First, structural and facies models
served as guides for developing the effective porosity and oil
saturation models, which in turn used the parameters [53].
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3.9. Volumetric calculations

3D static reservoir models are vital and function as the primary
tool to estimate any reservoir's oil and gas volumes. The following
equation was employed to calculate the oil initially in place (OIIP) in
stock barrels [70,71].

OIIP = (GRV x @ x NTG x S,y;)/FVF (6)

The variables in question are defined as follows: GRV represents
the gross rock volume, @ represents the effective porosity, NTG
represents the net to gross ratio, Sy; represents the oil saturation,
and FVF represents the formation volume factor.

Oil—water contact surfaces are essential for volumetrics;
therefore, they were identified and outlined using the inter-
pretation of well-log responses for each promising reservoir in
the area.

4. Results
4.1. Well logs interpretation

The lithological compositions of the examined formations
were determined using NM, neutron density, and neutron-sonic
cross-plots as shown in Fig. 4(a)—(c) respectively. A computer-
processed analysis was performed on potential reservoir levels
in the area being studied through the interactive petrophysics (IP)
program, and the lithosaturation panels were displayed. Fig. 5
displays the vertical configuration of the petrophysical parame-
ters and the lithosaturation, which includes the lithological
composition, effective porosity, and fluid saturations. The ob-
tained logs were utilized to construct facies and petrophysical
models for the Abu Roash members and Bahariya Formation. The
shale composition in the layers was determined by utilizing GR,
neutron, and density logs. The shale concentration (Vsy) ranged
from 18% to 57% for the Abu Roash C component, 3%—30% for Abu
Roash D, 18%—36% for Abu Roash E, 5%—19% for Abu Roash F, 5%—
41% for Abu Roash G, and 16%—44% in the Bahariya Formation. The
effective porosity was determined by utilizing neutron, density,
and sonic logs in conjunction with resistivity logs. This allowed for
the identification of fluids and the estimation of their saturations.
The Abu Roash “C” has effective porosity values ranging from 20%
to 26%, whereas the Abu Roash “D” possesses effective porosity
values ranging from 20% to 24%. The porosity values for Abu Roash
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“E”, “F”, “G”, and Bahariya Formation range from 20%—26%, 19%—
22%, 6%—24%, and 15%—26%, respectively. The estimated oil satu-
ration values for the formations analyzed are as follows: 45%—79%
for Abu Roash C, 46%—79% for Abu Roash D, 49%—77% for Abu
Roash E, 43%—81% for Abu Roash F, 46%—75% for Abu Roash G, and
46%—77% for the Bahariya Formation. Table 1 presents a
comprehensive summary of all the petrophysical parameters that
have been computed for each level.

4.2. Seismic interpretation

Fig. 6 interprets a seismic section that extends from north-
east to southwest. It illustrates the faults that impact the area
under study. The seismic section demonstrates that normal
faults create step faults, which are accompanied by horsts,
graben formations, and blocks that are slanted at an angle. The
examined section reveals that faults F1, F7, F8, and F9 are
normal, with a northeast-facing side (Fig. 6). However, faults F2,
F3, F4, F5, and F6 show a typical SW-trending hanging wall.
Time-structure maps were created for the horizons of the Abu
Roash members and the Bahariya Formation. Next, we con-
ducted a time-depth conversion to generate depth-structure
maps for the same horizons. The temporal-depth correlation
that is used for time-depth conversion is shown in Fig. 7. Ac-
cording to the structural maps created from seismic data, there
were three major tectonic movements in the area, which
resulted in the formation of three fault lines (Fig. 8). The initial
trend observed is the NW—SE trend, referred to as the Gulf of
Suez trend. The second trend is the east-west direction of the
Mediterranean, and the third trend is the NNW—SSE alignment,
which shows that plate movements occurred from the Paleozoic
to the Triassic periods [44]. The depth-structure-contour maps
of the Abu Roash members and the Bahariya Formation
demonstrate this. After that, the maps were used to create a
structural model for the reservoirs in Abu Sennan that were
evaluated.

4.3. Reservoir modeling

The following step, horizon-making, uses the previously
constructed depth maps. The layering process assigns a finer
vertical resolution to each zone through the cell thickness. Fig. 9
shows an intersection through the 3D structure model built for
the field. As revealed by this intersection, the field is affected by
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Fig. 9. NE-SW-trending intersection through the fields' 3D structural model revealing the faults.
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Fig. 11. The facies model on top: (a) Abu Roash C, (b) Abu Roash D, (c) Abu Roash E, (d) Abu Roash F, (e) Abu Roash G members, and (f) the Bahariya Formation.

normal faults from NE to SW, step faults, followed by a horst,
playing a vital role as a potential structural trap in the field and
providing a suitable place, up-dip, for hydrocarbon accumula-
tion. Three facies (sandstone, limestone, and dolomite) were
identified in the interval from the Abu Roash “C” (top) to
the Bahariya Formation (bottom). A correlation between the
discrete facies log, upscaled facies, porosity, and saturation is
accomplished (Fig. 10). Fig. 11 shows the facies model at the top
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of the Abu Roash members and the Bahariya Formation. In Abu
Roash C, D, E, and F, sandstone (yellow color) and shale (green
color) facies are distributed in the central part, whereas the
limestone (blue color) facies occupy the outer parts. Figs. 12 and
13 show the porosity and saturation models of the Abu Roash
members (“C”, “D”, “E”, “F”, and “G”) and the Bahariya Forma-
tion, respectively. The calculated volumes are tabulated for all
studied reservoirs (Table 2).
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4.4. Prospect generation

A comprehensive integration between the structural analysis,
structure, facies, and property models was accomplished to
develop the studied field and generate new prospects in the study
area. The proposed prospects are outlined on the models' in-
tersections (Fig. 14). The newly suggested prospects were chosen to
have the criteria for a suitable reservoir, and they were chosen on
the up-thrown sides of the faults and were of good reservoir
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Fig. 12. The effective porosity model on top: (a) Abu Roash C, (b) Abu Roash D, (c) Abu Roash E, (d) Abu Roash F, (e) Abu Roash G members, and (f) the Bahariya Formation.

quality. The new prospects have low shale content, proper effective
porosity, and beneficial oil saturation.

5. Discussion

The Bahariya Formation comprises sandstone with shale in-
tercalations, consistent with what is stated by Ref. [72]. The
Bahariya Formation is a source rock, as reported by Ref. [73],
and a promising reservoir rock, as stated by Ref. [73]. The Abu
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Fig. 13. The saturation model on top: (a) Abu Roash C, (b) Abu Roash D, (c) Abu Roash E, (d) Abu Roash F, (e) Abu Roash G members, and (f) the Bahariya Formation.

Roash Formation, overlaying the Bahariya Formation, comprises
limestone and sand with shale intercalations. It is subdivided
into seven members, from “A” at the top to “G” at the bottom.
This comprehensive study recognized and mapped the
structure-affected Abu Sennan area. The seismic interpretation
revealed various structural regimes from that of other authors
[19,31]. This interpretation showed that no reverse faults exist
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in this portion of the study area. The first trend is the NW—SE
trend (Gulf of Suez trend), the second is the east—west trend
of the Mediterranean, and the third is the NNW-SSE trend
representing the tectonic movement of the Paleozoic to Triassic,
according to Ref. [44], as illustrated from the depth-structure-
contour maps of the investigated reservoirs. This study further
evaluated the area's petrophysical parameters of the Abu Roash
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Fig. 14. NE-SW-trending cross-sections showing: (a) facies, (b) effective porosity, and
(c) hydrocarbon saturation models, highlighting the proposed new prospects with blue
dashed lines.

Table 2
The estimated stock oil in place (with P50) of the promising reservoirs in the field.

Formation/menber  Pore volume (x10% rm®)  STOIIP? (in oil) (x10° sm?)

AR/E 1189 394
AR/F 508 216
AR/G 1825 376
Upper Baharyia 2118 601

2 STOIIP: stock tank oil initially in place.

and Bahariya Formations. Unlike, [43], this work studied Abu
Roash and Bahariya formations. Besides, it included building 3D
static reservoir modeling.

6. Conclusions

All available data in Abu Sennan were used to build a 3D static
reservoir modeling for potential reservoirs. Geophysical well re-
cords aided in determining the lithological compositions and
evaluating the primary petrophysical parameters of the Abu Roash
and Bahariya Formations. The Abu Roash members primarily
comprise carbonate, shale, and sandstone rocks, and the Bahariya
Formation comprises sandstone with shale intercalations. The shale
concentration (Vgy) ranged from 18% to 57% in the Abu Roash “C”,
from 3% to 30% in Abu Roash “D”, from 18% to 36% in Abu Roash “E”,
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from 5% to 19% in Abu Roash “F”, from 5% to 41% in Abu Roash “G”,
and from 16% to 44% in the Bahariya Formation. Abu Roash “E” and
“G” and the Bahariya Formation are the most promising reservoirs
in Abu Sennan. The effective porosity values of the Abu Roash “C”
component range from 20% to 26%, whereas the Abu Roash “D” has
values ranging from 20% to 24%. The effective porosity values for
Abu Roash E, F, G, and Bahariya Formation range from 20% to 26%,
19%—22%, 6%—24%, and 15%—26%, respectively. The estimated oil
saturation values for the formations analyzed are as follows: 45%—
79% for Abu Roash C, 46%—79% for Abu Roash D, 49%—77% for Abu
Roash E, 43%—81% for Abu Roash F, 46%—75% for Abu Roash G, and
46%—77% for the Bahariya Formation. Abu Roash “E” and “G” and
the Bahariya Formation are the most promising reservoirs in Abu
Sennan. The given 3D seismic data were used to trace the targeted
horizons and pick the faults affecting the area. The picked horizons
and faults were used to create depth-structure contour maps. The
geophysical well logs, the estimated petrophysical parameter logs,
and the seismic-derived depth-structure maps are essential com-
ponents of the built 3D static reservoir modeling. The constructed
structural, facies, and petrophysical models were used to calculate
the OIIP and delineate new prospects for further drilling and field
development. Abu Roash “E” and “G” and the Bahariya Formation
have beneficial oil volumes, and two new prospects are recom-
mended for field development.
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