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HE study area is located in Abu El-Gharadig basin, between 29° 40’ and 29° 45’ N latitudes

and 28° 25" and 28° 32’ E longitudes. The study aims to evaluate four formations that are
located in the middle part of Abu El-Gharadig Basin, North Western Desert, Egypt. This is
carried out by conducting petrophysical analysis, to investigate the late Cretaceous hydrocarbon-
bearing reservoirs of the Abu Roash “D” and “E” Members, and the Bahariya Formations. To
achieve the aim, Interactive Petrophysics software (IP) version 3.5 helped in well-logging
evaluation providing the density-neutron and the M-N cross_plot, to characterize the porosity
and lithology of the reservoirs and the effect of shale and secondary porosity on the potentials
of these reservoirs. In addition, the software presents analogs indicating the vertical distribution
of petrophysical parameters for the studied well and to show the distribution of shale volume,
porosity, water saturation and hydrocarbon saturation and identify the oil-bearing zones. Analysis
of the petrophysical parameters report that, the Abu Roash “D” reservoir is mostly limestone
with sandstone and shale lithology, while the Abu Roash “E” reservoir is primarily sandstone,
with shale, limestone and dolomite lithology. The reservoirs in the Upper and Lower Bahariya
are mostly sandstones, with argillaceous and calcareous types of cement. The shale volumes in
the Abu Roash (D and E y Members and Upper and Lower Bahariya Formation are 0.9 — 3.8 %,
8.2-13.7,7.2-15.2, and 9 — 15.5 %, respectively, and the eftective porosities are 6.7 — 14.7 %,
13.9-18.1%, 13.1 -15.5% and 11.4 — 15.5 %, expressing a good reservoir quality of the zones.
Petrophysical data from the Abu Roash and Bahariya reservoirs are shown on analogs, to identify
the most effective thicknesses with good hydrocarbon potential.

Keywords: Formation Evaluation, well logs, Abu Roash and Bahariya Reservoirs,
Abu El-Gharadig Basin.

Introduction Cretaceous reservoirs are the primary producing

horizons at Abu El- Gharadig oil field.

Oil exploration and production in the Western

Desert have a long history. The northern Western
Desert has huge oil and gas potentials, although
the fact that, just a few discoveries have been made
to date. The Abu El-Gharadig basin is located in
the Western Desert’s northern region. The Main
Abu El-Gharadig oil field is located in the Abu
El- Gharadig basin’s central part. The Upper

The study located is located in the Abu El-
Gharadig basin, between 29° 40’ and 29° 45’ N
latitudes and 28° 25’ and 28° 32’ E longitudes
(Fig. 1). The followings are the work major
steps: 1) Determination of the reservoir porosity
and lithology, using various crossplots, 2)
Identification of the various reservoir parameters’
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describing the pay-zones, using the data acquired
from the well logs to highlight attractive places
for further development and investigate the
production potential of the Abu Roash (D & E)
and Bahariya reservoirs (Upper & Lower) in the
Main Abu El- Gharadig oil field, north Western
Desert, Egypt.

Bakr (1990) described the Jurassic and/
or Lower Cretaceous structural setting of the

sedimentary basins in the northern Western
Desert, close to their large basin-surrounding
faults. The NE to ENE folding trend’ related to the
reverse faulting are the main prominent geological
structures in the northern Western Desert. The
majority of those faults occurred inthe Late
Cretaceous to the Early Tertiary time, where the
E-W faults show mark of strike-slip movements
along the previously pre-existing faults (Sultan
and Abd El-Halim, 1988).
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Fig. 1. Location map shows the studied area (a) and the four studied well of the evaluated area (b).
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The northern Western Desert’s generalized
stratigraphic column (Fig. 2) contains the
majority of the sedimentary succession, begging
from the Cambrian till reaching the Miocene
(Schlumberger 1995). The whole sedimentary
succession rested unconformably on the Pre-
Cambrian basement complex. The Formation
of Abu Roash is distinguished into seven
lithostratigraphic Mbs (A to G), each of which
covers the Late Cenomanian to Coniacian time
intervals and reaches thicknesses of up to 1000
m in the Abu Gharadig depocenter, containing
a significant portion of the oil discovery

reserves (Schlumberger, 1984). Fine clastics
comprise members’ A, C, E and G, while the
clean carbonates form members’ B, D and F. The
Abu Roash Formation’s lower contact is located
at the base of the Abu Roash “G” Member,
which is rested unconformably on the Bahariya
Formation. When the Khoman Formation is
missed, the upper contact of the Abu Roash
Formation is the lower surface of the Khoman
Formation. The upper contact of this unit has
been proven to be an unconformity surface,
throughout many areas of the Western Desert
(EGPC, 1992).
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Fig. 2. Generalized litho-stratigraphic column for North Western Desert, Egypt (Schlumberger, 1995).
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The age of the Bahariya Formation is Early
Cenomanian. It’s made up of sandstone with
fine to very fine grains and shale. Glauconite
and pyrite are common, as thin limestone strata
appear in random patterns and are difficult to
connect from one well to another (EGPC, 1992).
The major gas and/or condensate pay, in the Abu
El Gharadig basin, is the Bahariya sandstones. It
marks a gradational phase of finning upwards to
the Turonian-Coniacian Abu Roash Formation’s
marine carbonates and shales.

Methodology

AG-1X, AG-11, AG-65 and AG-69 are the
wells, that were investigated. The available
well logs used in this study are density, sonic,
resistivity, gamma-ray, caliper and neutron logs.

Determination of lithology and porosity from
crossplots

The lithologies of the Abu Roash (D & E) and
(Upper & Lower) Bahariya were interpreted, using
all the logs, that were registered systematically,
and the lithology was determined from logs, using
several cross plots (Neutron / Density and M / N
cross plots).

Petrophysical evaluation

Evaluation of well logs is analyzed using
Interactive Petrophysics software (IP), version
3.5. The distribution of the total thickness, shale
volume, effective porosity, total porosity, net-
pay thickness, net/gross thickness, hydrocarbon
saturation, water saturation, residual hydrocarbon
saturation and movable hydrocarbon saturation
are shown, using petrophysical parameters
extracted from well log data for the Abu Roash (D
& E) and (Upper & Lower) Bahariya reservoirs.

Results and Interpretation

Determination of lithology and porosity from
density-neutron crossplots

Density-neutron crossplots are often used
to detect lithology and precisely estimate
the matrix (non-shaly) porosity of carbonate
rocks, using neutron and density logs. The
bulk density and neutron porosity data are
plotted together in this situation. Lines (quartz,
limestone, dolomite, ...etc.) corresponding to
certain water-saturated and pure lithologies
can be graduated in porosity units, or a single
zero-porosity point can be established. The
point drawn from the log measurements falls
between the lithology lines, when the matrix
lithology is a binary mixture, such as Quartz-
Lime or Lime-Dolomite. The light HC’s (gas)
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impact can be seen on the crossplot, at which
the displayed data tend to move north westerly
from the sandstone line, because this impact
enhances density log porosity identifications,
while reducing neutron porosity. In addition,
the shale impact may be seen on the crossplot,
in which the shale influence seems to be in the
lower right quadrant. (Poupon and Leveaux,
1971).

From the density-neutron crossplot of Abu
Roash “D” reservoir (Fig. 3), it is seen that,
nearly all the drawn points are dispersed on
the limestone line and a few points between the
sandstone and limestone lines, and limestone
and dolomite lines with porosity values are
in between 1 to 20 %. This indicates that, the
reservoir is commonly limestone with some
sandstone and dolomite lithologies.

From the density-neutron crossplot of the
Abu Roash “E” reservoir (Fig. 4), it is noticed
that the displayed points are dispersed close to
the sandstone line and the other points between
the sandstone, limestone and dolomite lines,
with porosity values are in between 1 to 30
%. This indicates that, the reservoir is mainly
sandstone, with some limestone and dolomite
lithologies. Some points were drawn upward,
because of the gas effect and few points are
seen in the lower right quadrant of the chart,
due to the shale effect.

From the density-neutron crossplot of the
Upper Bahariya reservoir (Fig. 5), we can see
that most of the drawn points are dispersed
close to the sandstone line and the other points
between the sandstone, limestone and dolomite
lines, with porosity values are in between 1 to
35%. This indicates that, the reservoir is mainly
sandstone, with carbonate lithology. Some
points are displayed upward, because of the gas
impact.

From the density-neutron crossplot of the
Lower Bahariya reservoir (Fig. 6), it is clear
that most of the displayed points are dispersed
close to the sandstone line and above it, and the
other points between the sandstone, limestone
and dolomite lines, with porosity values are
in between 6 to 38%. This indicates that,
the reservoir is commonly sandstone, with
limestone and dolomite lithologies. The number
of points is scattered upward, due to the gas
effect.
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Fig. 3. Density-neutron crossplot of the Abu Roash “D reservoir.
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Density / Neutron Cross Plot
Upper Bahariya Reservoir
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Fig. 5. Density-neutron crossplot of the Upper Bahariya reservoir.
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Fig. 6. Density-neutron crossplot of the Lower Bahariya reservoir.
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Lithology identification using M-N crossplots

The M-N plot is wuseful for lithology
identification in more complex mineral
compositions. The lithology-dependent values M
and N are plotted, using the data combined from
all the three porosity logs (Schlumberger, 1989).
A sonic log, as well as neutron and density logs,
are required for the M—N plot. The sonic log is a
porosity log, that detects interval the transit time.
The reciprocal of the velocity of a compressional
sound wave through one foot of formation is the
interval transit time (At). To calculate the lithology-
dependent variables, M and N, sonic, density and
neutron logs are required. M and N values are
unconstrained of the matrix porosity (sucrosic
and intergranular) (Asquith and Gibson, 1982).
When these two variables are plotted together, the
lithology becomes more obvious. The following
equations are used, to calculate the M and N
values. (Schlumberger, 1972):

M =((Atf — AD)/((pb — pb) x 0.01) (1
N =((""Nf = '"N))/((pb — pb)) ()
Where;

Atf = is the interval transit time of the mud fluid,
At = is the sonic log value,

Pb = is the density log value,

pbf = is the density of mud fluid,

oNf = is the neutron of mud fluid,

oN = is the neutron log value.

Shaliness, secondary porosity and gas-filled
porosity lead the M-N points to lie out of the
triangle region indicated, by the primary mineral
elements, causing them to shift with respect to
their real lithology. Secondary porosity is indicated
by the upward displacement of the plotted points,
whereas the influence of gas might cause the
points to shift upward on the right. Because shales
vary in their features, there are no specific shale
points on the M-N plot. The shale effect is usually
found under the line, which connects the anhydrite
and silica points (Bigelow, 1995).

Figure (7) indicates the mineralogic
constitution of Abu Roash “D” reservoir of the
study area. Most samples were dispersed to fill
the calcite part and the parts between calcite and

quartz, although they appear to be near the calcite
part than the quartz one. This may reflect the
occurrence of a limestone reservoir. Some points
were scattered upwards, due to the secondary
porosity influence.

Figure (8) reveals the mineralogic composition
of the Abu Roash “E” reservoir in the study area.
Most samples were dispersed to fill the quartz part
and the parts between quartz and calcite, although
they appear to be near the quartz part than the
calcite one. This may reflect the occurrence of a
sandstone reservoir, with some calcareous cement.
Many points are dispersed downwards, because of
the shale impact and others are dispersed upward,
as a result of the secondary porosity influence.

Figure (9) indicates the mineralogic
constitution of the Upper Bahariya reservoir in
the study area. Most samples are dispersed to
fill the quartz part and the parts between quartz,
calcite and dolomite, but they are very close to
the quartz part than the calcite and dolomite. This
may reflect the occurrence of sandstone reservoir,
accompanied by some calcareous cement. Some
points are dispersed downward, because of the
shale impact. The influence of gas could be seen
in shifting the dispersed points in the upright
corner of the diagram. The rest of the points
are shifted upward, as a result of the secondary
porosity influence.

Figure (10) reveals the mineralogic
constitution of the Lower Bahariya reservoir in
the study area. Most samples are dispersed to
fill the quartz part and the parts between quartz,
calcite and dolomite, but they are very close to
the quartz part than the calcite and dolomite. This
may reflect the occurrence of sandstone reservoir,
accompanied by some carbonate lithology.
Number of points are dispersed downward,
because of the shale impact. The influence of gas
could be seen in shifting the drawn points in the
upright corner of the diagram.

Vertical distribution of petrophysical parameters

The petrophysical parameters derived from
well-loganalysis show vertical variationin general.
To accomplish the study of hydrocarbon potentials
in the concerning area under investigation, the
vertical variance of petrophysical features might
be analyzed, using some gradients (Tearpock &
Bischke, 2003). Table (1) displays the reservoir
characteristics determined from the average of
various log parameters.
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Fig. 8. The M — N crossplot of Abu Roash “E” reservoir.
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TABLE 1. Parameters of well Log results of the Abu El-Gharadig oil field, Western Desert, Egypt.

a Missed
I:E 3705 | 162 | 147 38 18 1000 | 251 74.9 653 96
~ 4035 | 183 | 147 3 115 | 100.0 135 86.5 86.3 0.2
< 203 6.7 6.7 09 3.5 412 50 50 236 264
W 459 165 | 138 137 0 0.0 934 65 6.1 0.5
I:E 4675 | 194 | 187 8.2 575 | 975 249 75.1 655 96
~ 351 201 | 1841 113 14 49.1 402 59.8 59.7 0.1
< 4605 | 194 | 168 109 53 1000 | 259 741 245 496
. 4965 | 178 | 155 152 | 4715 | 979 2741 729 60.9 12
§ 325 | 164 | 131 8.2 54 1000 | 269 73.1 602 12.8
: Missed
456 145 | 134 12 445 | 840 384 616 25.9 357
) 595 18 155 185 | 2134 | 984 179 82.1 637 184
g 452 14 128 9 45 | 863 29 71 64 7
m! Missed
4
448 13 14 134 0 0.0 94.5 5.5 28 2.7

The wvertical distribution of petrophysical
parameters was achieved by creating analogs
(Figs. 11 to 16) for each well in the study area, to
show the distribution of porosity, shale volume,
water saturation and the hydrocarbon saturation.
The analogs show the rock components and
their fluid contents as a function of well depth.
Clay minerals, quartz, dolomite minerals and
calcite are rock constituents, whereas water and
hydrocarbon are fluid constituents. The following
is a brief description of the reservoir lithology and
fluid contents in the investigated wells.

Abu Roash “D” reservoir
a) Abu Roash “D’ reservoir analog in AG-11 well
The analog of Abu Roash “D” reservoir in
AG-11 well shows that, the rock unit is composed
of limestone, as main lithologic constituent,
accompanied by thin streaks of sandstone and
dolomite. The hydrocarbon saturation reveals an
increase in the middle part of the reservoir (Fig.
11).

Egypt. J. Geo. Vol 66 (2022)

b) Abu Roash “D” reservoir analog in AG-65 well
The analog of Abu Roash “D” reservoir in AG-
65 well exhibits that, the rock unit is composed
of limestone, as the main lithologic constituent,
accompanied by layers of sandstone and siltstone.
The hydrocarbon saturation reflects an increase in
the lower middle part of the reservoir (Fig. 12).

¢) Abu Roash “D” reservoir analog in AG-69 well

The analog of Abu Roash “D” reservoir in AG-
69 well represents that, the rock unit is composed
of limestone, as a major lithologic constituent.
The hydrocarbon saturation reveals an increase in
the middle part of the reservoir (Fig. 13).

Abu Roash “E” reservoir
a) Abu Roash “E” reservoir analog in AG-1X well
The analog of Abu Roash “E” reservoir in AG-
1X well shows that, the rock unit is composed of
sandstone, as a major lithologic constituent, with
layers of siltstone, limestone, and dolomite. The
water saturation reflects an increase in the top part
of the reservoir (Fig. 14).
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b) Abu Roash “E” reservoir analog in AG-11 well

The analog of Abu Roash “E” reservoir in AG-
11 well reveals that, the rock unit is composed of
sandstone, as a major lithologic constituent, with
layers of siltstone and dolomite. The hydrocarbon
saturation reflects an increase at the top and cen-
tral parts of the reservoir (Fig. 11).

¢) Abu Roash “E” reservoir analog in AG-65 well

The analog of Abu Roash “E” reservoir in AG-
65 well represents that, the rock unit is composed
of sandstone, as a major lithologic constituent,
with layers of siltstone, limestone and dolomite.
The hydrocarbon saturation reveals an increase at
the top middle part of the reservoir (Fig. 12).

d) Abu Roash “E’ reservoir analog in AG-69 well

The analog of Abu Roash “E” reservoir in AG-
69 well exhibits that, the rock unit is composed of
sandstone, as a major lithologic constituent, with
layers of siltstone and limestone. The hydrocarbon
saturation shows an increase in the top middle
part of the reservoir (Fig. 13).

Upper Bahariya reservoir
a) Upper Bahariya reservoir analog in AG-1X
well

The analog of the Upper Bahariya reservoir
in AG-1X well reveals that, the rock unit is
composed of sandstone, as a major lithologic
constituent, with layers of siltstone and dolomite.
The hydrocarbon saturation reflects an increase in
the lower central and lower part of the reservoir
(Fig. 14).

b) Upper Bahariya reservoir analog in AG-11 well

The analog of the Upper Bahariya reservoir
in AG-11 well represents that, the rock unit is
composed of sandstone, as a major lithologic
constituent, with layers of siltstone and dolomite.
The hydrocarbon saturation reveals an increase in
the middle part of the reservoir (Fig. 15).

¢) Upper Bahariya reservoir analog in AG-69 well
The analog of the Upper Bahariya reservoir
in AG-69 well exhibits that, the rock unit is
composed of sandstone, as a major lithologic
constituent, with layers of siltstone, limestone and
dolomite. The hydrocarbon saturation shows an
increase in all the reservoir intervals (Fig. 16).

Lower Bahariya reservoir

a) Lower Bahariya reservoir analog in AG-1X well
The analog of the Lower Bahariya reservoir

in AG-1X well reveals that, the rock unit is

composed of sandstone, as a major lithologic

constituent, with layers of siltstone. The

hydrocarbon saturation reflects an increase in all
the reservoir intervals (Fig. 15).

b) Lower Bahariya reservoir analog in AG-11
well

The analog of the Lower Bahariya reservoir
in AG-11 well represents that, the rock unit is
composed of sandstone, as a major lithologic con-
stituent, with layers of siltstone, limestone and
dolomite. The hydrocarbon saturation illustrates
an increase in the central and top parts of the res-
ervoir (Fig. 15).

¢) Lower Bahariya reservoir analog in AG-69
well

The analog of the Lower Bahariya reservoir
in AG-69 well exhibits that, the rock unit is
composed of sandstone, as a major lithologic
constituent, with layers of siltstone and limestone.
The water saturation shows an increase in all the
reservoir intervals (Fig. 16).

Conclusions

The presence of good quality reservoirs in
the Abu Roash (D & E) and (Upper & Lower)
Bahariya rock units are revealed by a detailed
examination of the petrophysical characteristics
from four wells located throughout the Abu El-
Gharadig oil field.

The Abu Roash D Member’s Density -
Neutron and M-N cross-plots show primarily
limestone, with some sandstone and dolomite
lithologies, whereas the Abu Roash E Member’s
major lithology is sandstone, with some
calcareous cement in all of the study area’s
wells. The lithology is mostly sandstone, with
some carbonate lithology, according to the
cross-plots of the Upper and Lower Bahariya
layers. Furthermore, the effect of gas emerges in
the diagrams, by shifting some points upward.
Moreover, the shale effect is visible in the figures,
by adjusting the distributed points in the upright
corner of the diagrams.

The Abu Roash E Member’s available well
log data indicate good reservoir quality for oil
production, with net-pay thicknesses of 57.5 ft and
53 ft in the AG-11 and AG-69 wells, respectively.
Also, the net-pay is good for Upper Bahariya
Member and reaches 47.5 ft, 54 ft and 44.5 ft in
AG-1X, AG-11 and AG-69 wells, respectively.
Furthermore, the Lower Bahariya Member
appears to have good reservoir quality and the
net-pay thickness reaches 213.4 ft and 34.5 ft in
AG-1X and AG-11, respectively.
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To summarise, the Abu Roash (D & E) and
(Upper & Lower) Bahariya rock units contain
good reservoir zones, with varying lithologic
compositions, that indicate various local deposi-
tional environments. Furthermore, both forma-
tions have high porosity, which supports oil and
gas accumulation.
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