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Abstract

The present work concerns with the geophysical assessment for the sandstones of Abu Roash C and E members for being poten-
tial hydrocarbon reservoirs at Abu Gharadig Field, Western Desert, Egypt. The analysis of seismic data covers Abu Gharadig
Field showing ENE-WSW anticline fragmented by NW-SE normal faults. The presence of these structures is due to the dextral
wrench corridor that extensively deformed the north area of the Western Desert within Late Cretaceous episode. The examina-
tion of well-log data of Abu Gharadig-6 Well revealed that the favourable zone locates between depths 9665-9700 ft (zone I)
within Abu Roash “C” Member. The second promising zone in Abu Gharadig-15 Well occurs between depths 9962-9973 ft
(zone II) in Abu Roash “E” Member. The quantitative evaluation indicated that zone I has better reservoir quality than zone II
since it is characterised by low shale volume (0.01), high effective porosity (0.22), low water saturation (0.14), low bulk volume
of water (0.03), higher values of absolute permeability (113 mD), high relative permeability to oil and low water cut, whereas
zone Il has 0.13 shale volume, 0.16 effective porosity, 0.39 water saturation, 0.06 bulk volume of water, lower values of absolute
permeability (27 mD), low relative permeability to oil and relatively high water cut. The obtained results recommended that
the drilling efforts should be focused on the sandy levels within Abu Roash C Member (1st priority) and the sand levels within

Abu Roash E Member (2nd priority) in Abu Gharadig Basin and its surroundings.

Keywords Seismic interpretation - Well logging - Abu Roash formation - Abu Gharadig Field

Introduction

Abu Gharadig Basin (AG Basin) is the largest sedimentary
basin in the northern Western Desert of Egypt (Fig. 1). It is
an intra-cratonic E-W rift basin of approximately 330 km long
and 50 to 75 km wide (El Gazzar et al. 2016). AG Basin has
attracted the attention of several geoscientists (e.g. Abd El Aal
1988; El Sayed et al. 1993; El Diasty and Moldowan 2012;
Sarhan 2017a,b,c, 2020; Barakat and Nooh 2017; Sarhan and
Collier 2018; Hewaidy et al. 2018; Elmahdy et al. 2020; El-
Bagoury 2020).

AG Basin has a huge subsurface sedimentary sequence of
Jurassic up to Tertiary deposits. The Jurassic and Cretaceous
sediments include the main source rocks generating petroleum
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in AG Basin (Shahin 1992). The Cenomanian Bahariya For-
mation plus the Turonian-Coniacian Abu Roash Formation
hold over 90% of the petroleum reserves in Western Desert
region (Richardson et al. 1998).

The oil of AG Basin is commonly produced from structural
traps attributed to the Syrian Arc tectonic (e.g. Abu El Naga
1984; Dolson et al. 2001; Moustafa 2008). These traps show
three- or four-way structural closures in addition to the fault
block structures mostly the NE-SW and NW-SE faults (Abd
El Aal 1988; Sultan and Abd El Halim 1988).

Abu Roash Formation represents a potential hydrocarbon
reservoir in AG Basin even from its clastic or carbonate mem-
bers (El Gezeery and O’ Connor 1975; Sestini 1995). The
fractured limestones of Abu Roash D Member are an impor-
tant hydrocarbon reservoir in Gindi Basin (Sarhan et al. 2017),
while Abu Roash F Member is the supreme oil-prone source
rock in Gindi Basin (Sarhan and Basal 2020) and in AG Basin
(EGPC 1992; Labib 1985).

Abu Gharadig Field is the first huge hydrocarbon discov-
ery in AG Basin for oil and gas production (El Gazzar et al.
2016). It is sited in the middle portion of AG Basin between
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Fig. 1 Map displays the sedi-
mentary basins situated in West-

ern Desert and the position of
Abu Gharadig Field (simplified
from Bosworth et al. 2008)
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longitudes 28.3° and 28.5° E and latitudes 29.5° and 29.7° N
as shown in Fig. 1.

The objective of this study is to assess the hydrocarbon
possibility of the sand levels of Abu Roash C and E members
in Abu Gharadig Field via the interpretations of the available
seismic and well-logs data in the study area.

Geologic setting

AG Basin was originated throughout the Jurassic-Early Creta-
ceous episode as a rift basin. It was affected by a prevailed sin-
istral wrenching in Early Cretaceous (Meshref et al. 1988), but
in the Late Cretaceous, it was subjected by dextral wrenching
caused by the revers in the provincial stress field (e.g. Sarhan
2017b). This reversal stress was due to the move of the Afri-
can Plate westward comparative to the Laurasian Plate (Smith
1971; Biju-Duval et al. 1977). This dextral wrenching pro-
duced NE-SW compressional features such as the Mubarak
High and the Abu Gharadig anticline in addition to NW-SE
to WNW-ESE extensional normal faults (Barakat and Nooh
2017). This episode ended during the Santonian, which was
a period of uplift and erosion due to the move of the African
Plate northward (Abd El Aal and Moustafa 1988; Guiraud and
Bosworth 1997). This inversion influenced AG Basin till the
Early Tertiary time (Moustafa 2008). The inversion formed
a series of NE-SW-trending folds, which termed Syrian arc
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fold system (e.g. Moustafa and Khalil 1990; Moustafa et al.
1998; Moustafa 2002).

The Turonian—Coniacian Abu Roash Formation overlies
the Cenomanian Bahariya Formation and underlies the San-
tonian—Maastrichtian Khoman Formation (Fig. 2) and com-
posed of alternations between carbonates and clastics depos-
ited in shallow marine setting (EGPC 1992) under fluctuating
sea levels (Sarhan 2017a). It is separated into seven members
(A, B, C, D, E, F and G) from top to base. The members B, D
and F are consisting mainly of limestone deposited in moder-
ately high sea-level intervals, while, A, C, E and G members
are siliciclastic in nature and deposited throughout relatively
low sea-level episodes (RRI 1985; EGPC 1992). Abu Roash
Formation is distinguished by a repeated alternation of deltaic,
coastal and shallow marine facies (Hewaidy et al. 2018).

Abu Roash C Member at AG Basin is mainly composed of
sandstone, shale and siltstone beds with few limestone streaks.
It was deposited in shallow marine shelf (Labib 1985) as part
of a major transgression started in the Cenomanian and com-
pleted in the Maastrichtian age (EGPC 1992). The sandstone
of Abu Roash C Member at Badr El Din-15 Field within AG
Basin displays good oil-reservoir properties (Barakat and
Nooh 2017).

However, Abu Roash E Member was deposited in a vari-
ety of depositional environments including supra-tidal, tidal
flats, tidal channels, carbonate inner ramp and tide-dominated
deltaic facies (Hewaidy et al. 2018). The sandstones of Abu
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Roash “E” Member are also a hydrocarbon-producing horizon
in Abu Gharadig Field with AG Basin (Hewaidy et al. 2018).

Data and methods

Seventeen seismic sections cover Abu Gharadig Field have
been interpreted using Petrel software. These seismic data
contain twelve crosslines of 25 km length and five inline
sections extend for 55 km distance. The seismic profiles
were tied to two drilled wells, Abu Gharadig-6 (AG-6) and
Abu Gharadig-15 (AG-15), as displayed in Fig. 3.

The traditional wireline logs for AG-6 and AG-15 wells
are also obtainable and have been analysed using Techlog
software. These well-log data consist of CALI “Caliper”,
BS “Bit Size”, DRHO “Density Correction”, GR “Gamma
Ray”, DT “Sonic”, RS “Shallow Resistivity”, RD “Deep

Resistivity”, RM “Medium Resistivity”, RHOB “Density”,
NPHI “Neutron” logs as shown in Figs. 4 and 5. The for-
mation evaluation logs for AG-6 and AG-15 wells and the
composite log for AG-6 Well are also available in the pre-
sent study.

The applied methods in this study started with picking
the seismic reflector corresponding to the topmost of Abu
Roash D Member over the grid of seismic lines as well as
the related faults (Figs. 6 and 7). The reason of choosing the
seismic horizon of the top of Abu Roash D Member rather
than Abu Roash C or E members to be picked on seismic
data is due to the seismic reflectors corresponding to both
members, which are not noticeable enough to be traced on
the seismic profiles according to the low contrast in the
acoustic impedance. However, the reflector of Abu Roash
D Member is clear and obvious over the whole seismic grid
since it displays high contrast between its entire lithology
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Fig.4 Wireline log suite with interpretation for zone I in AG-6 Well

(limestone) and the overlying clastics of Abu Roash C
Member as shown in Figs. 6 and 7.

The picked horizon of Abu Roash D Member with the
accompanying faults was mapped in depth unit (Fig. 8), and
the mapped structures were examined in terms of the tectonic
background of AG Basin in the Late Cretaceous time.
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The previous step has been followed by qualitative and
quantitative investigation for the wireline logs data of the
studied wells to distinguish the possible hydrocarbon-bearing
zones within Abu Roash C and E members in Abu Gharadig
Field.
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Fig. 6 Interpreted seismic line No. 5240 (see Fig. 3 for line location)

This step revealed that the optimistic zones within AG-6
Well locate within Abu Roash “C” Member between depths
9665-9700 ft (zone I). However, the appreciative zone in and
AG-15 occurs in Abu Roash “E” Member between depths
9962-9973 ft (zone II).

The qualitative evaluation of the wireline logs revealed
that zone I and zone II are the only zones displaying positive
criteria to be potential hydrocarbon reservoirs. These crite-
ria encompass the gamma-ray log displays fairly consistent
low values, which approves the clean nature (i.e. low-shale
content) of the examined sandy intervals, the presence of

crossover feature between neutron and density logs charac-
terising the sandstone matrix (i.e. deflection of neutron curve
to right and the density log to the left), the relatively high deep
resistivity values which confirms the existence of the non-
conducive hydrocarbon and the calliper curve shows mud-
cake opposite the examined intervals.

Consequently, the suites of wireline logs for the motivating
zones (I and IT) have been quantifiable assessed. This evalu-
ation involves the calculations of the essential petrophysical
parameters required for appraising the quality of hydrocar-
bon reservoirs. These calculations include shale volume; total
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Fig.7 Interpreted seismic line No. 5340 (see Fig. 3 for line location)

Fig.8 Depth-structure map

for the topmost surface of Abu
Roash D Member in the study
area. Note the presence of the
ENE-WSW asymmetrical anti-
cline which plunges to NE and
its fragmentation by abundant
NW-SE extensional faults
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porosity; effective porosity; water saturation; bulk volume of
water; absolute permeability; and irreducible water satura-
tion. The obtained results of these parameters are displayed
in Tables 1 and 2 for zones I and II, respectively.

Results
Seismic data interpretation

The seismic reflector corresponds to the top of Abu Roash
D Member exhibiting strong amplitude that intersected by
numerous normal faults (Figs. 6 and 7). The structure map for
the examined surface displays asymmetrical anticline strikes
ENE-WSW and plunges to NE (Fig. 8). This anticlinal fold
fragmented by abundant NW-SE extensional faults varies
in length between 5 and 12 km (Fig. 8). The association of
the interpreted anticline, which represents the compressional
structure plus the investigated normal faults which reflect the
extensional regime, is a strong evidence for the dextral wrench
tectonic affected AG Basin. This dextral wrench resulted by
the NW motion of African Plate is compared to the Laurasia
Plate in the Late Cretaceous episode.

Well-log appraisal

The visual examination of the created neutron density plots
(Schlumberger 1972) for the examined zones shows the
clustering of the plotted points on and around the sandstone
line reflecting the sandy matrix of zones I and II as shown
in Fig. 9. Moreover, water saturation-effective porosity plots
(Asquith and Gibson 1982) have been constructed to judge
the grain size for the interesting zones as displayed in Fig. 10.
These plots display that the sand grains for zone I are coarse-
grained, whereas the sand grains for zone II are fine- to
medium-grained in size.

Shale volume (Vsh)

The clay amount in the examined zones as displayed in track
six in Figs. 4 and 5 has been determined depending on the
gamma-ray log in a linear response using the following equa-
tion (Asquith and Gibson 1982):

(GR - GR
(GR

min )

- GR

6]

sh =

max min )

where V;, shale volume; GR gamma-ray reading value;
GR,,;, the lowest gamma-ray value; GR,,, the maximum
gamma-ray value.

max

The calculated V, in zone I is quite very low (0.01), while
the shale volume value increases in zone II and reaches 0.13.

Total porosity (¢;)

Total porosity has been calculated from the neutron-density
logs and is presented in track seven in Figs. 4 and 5 using
the following formula (Asquith and Gibson 1982):

=¢N+¢D

¢r 5

@
where ¢ the total porosity; ¢y the neutron porosity; ¢, the
density porosity.

The average total porosity is high in both zones. It
reaches 22% in zone I and 20% in zone II.

Effective porosity (¢.)

The effective porosity as displayed in track eight in Figs. 4
and 5 has been determined by the next equation (after
Asquith and Gibson 1982):

b = r * (1=Vy) )

where ¢, the effective porosity; ¢r the total porosity; Vi,
the shale volume.

The average effective porosity is high in both zones. It
reaches 22% in zone I and 16% in zone II. This variation
is due to the higher amount of shale in zone II rather than
zone L.

Absolute permeability

The absolute permeability for the examined zones has been
determined and is shown in track nine in Figs. 4 and 5 using
Wyllie and Rose equation (Wyllie and Rose 1950).

The determined values of absolute permeability were
high in zone I (113 mD), whereas in zone II was only
(27 mD). This difference is due to the low amount of shale
plus the presence of coarse-grained sands zone I; however,
the sand grains for zone II are smaller (fine- to medium-
grained), and also it has higher amount of shale in zone II
rather than zone 1.

Water saturation (S,,)

Water saturation for the interesting zones has been com-
puted by the Indonesia model (Poupon and Leveaux 1971):
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2 —1/n
. 8§ 2o 12 N
QO ® = E
=28 —- = - O o O sh < e ) R (4)
= = — o e = = -2 2 2 S _ + )
e 2 i i R B e e e B B B =
E 23 IR A N R A - - w Ry, R,
—
o O
E g — = A A o o
N g8g8g88g83s338 S o o ) . ]
S S83ss3333:333 where S, water saturation; V; shale volu.m.e, ¢, effective
porosity; Ry, shale resistivity; R, deep res;stlvny; R, conn.ate
g s ===228585g&8=<c = water resistivity and set equals 0.03 QQ m“/m; m cementation
32 SescecscsesescSe exponent and set equals 2; n saturation exponent and set
a CEa3dRnShERRg equals 2; a tortuosity factor and set equals 1.
; i ‘ 3 . 3 & « . . .
s BEERRERREESZ T The calculated water saturation is presented in track ten
M . . .
oy in Figs. 4 and 5 with blue colour, while green c'olour in
8 % EEEEEIITIT YUY the same column refers to the hydrocarbon saturation. The
2o ISERSERSERSERS RS A 4 a4 A A ' : . : )
522 SSssscscsessss calculated water saturation is 39% in zone II (i.e. the' hydro
carbon saturation equals 61%), while water saturation was
EE §a888§88ga84949 lower in zone I and reaches only 13% (i.e. the hydrocarbon
g az S I I I I I A - - - - ] Is 87%)
saturation equals 87%). . .
o B oo o oo Figure 11 presents water saturation—effective porosity
= = o oo Qo o <9 8 8 5 i X ] la
2 %’T; S333333333383 plot for the zones of interest. These plots 0bv1ous¥ydsl()1 y
£ < that zone I is the best promising zone to be potential hydro-
=] Lz O < S S 0 0 0 ™ ) - : 5
|2 S % S23S332282¢8 carbon reservoir since it has the highest ¢, and lowest S,
|
Slog SR rather than zone II.
2>~
= en -
5S HHFFEEEEEE ST Bulk volume of water (BVW)
AL S S I o B o B N B o Y S I o B S BN
e © o o BVW has also been calculated for the interesting zones by
) 23235322233 i i tion (Buckles 1965):
22 S S S 3S3SS S 3S3SS applying the following equa (
28 © BVW = ¢, S, (5)
= N ® O O mn o
229 (3338382325 ¢ , _ .
g'%é RERSIITIESSES where ¢, effective porosity; S,, water saturation.
- The calculated BVW has been presented in track eleve.n
o~ : : )
£:§ =~ oY T o in Figs. 4 and 5 and coloured with blue colour. The rr.1ax.1
=28 A D~ v = ) =) .
27 é sds3sg= § S 3 mum bulk volume of water (0.06) was documented in i
— [ e} - .. .« .
=5 - - zone I1, and the minimum value (0.03%) was noted in in zone
s£E I. Accordingly, zone I is predictable to produce water-free
Z —
‘:O“EE 2EuS-88RA § E hydrocarbon rather than zone II.
2 > . a5 9
RS ABEEIZTSAGLG
T AT LCVTTIY S Relative permeability and water cut
g AT BIEFTESTx
§8 >\ b bon O v F o
32 Sl LeeLgeIg '
"2 ) The hydrocarbon reservoir performance and the expf?;::;ed
Q . . . er-
EZ QI T 22QR8ERX fluid through production step can be judged based on ('11
= = = < (\! Q cp. S N . . . g
53% ) 33 2= 3833 ent measurements including relative permeability to Or}lth’
) relative permeability to water K, and water cut Wc. These
) - == . . _
239 s8888¢8¢3 2 § s S parameters depend on by the value of irreducible Wat(eir satu
511 i mined zones
2888 ration Sy ;- Sy has been calcula;ed for1 the exa
xt formula:
g (see Tables 1 and 2) by the ne
= o <+ O W NN D DDA D
= w R R R T8 T TR R S
8 % 0O 00 O O B B B WO B B © Swirr — (F/ZOOO)O (6)
=)
Q < Q . .
S i i ; rmation factor.
£|8 % Z 8388828388883 where S, irreducible water saturation; F fo
El2|5E % 06 o8 o6 o6 o 5 o6 o o5 b 2 .
Mk o Since, F = 1/® (
[ v v v v v o
2|z |z et daldaks s
L 5| = NN 0 0 o oo g ) .
RlE|Ze 2222222282888 2 on factor; @ porosity.
elEl&e 22LLLEE888E 2 where F formati ; & porosity
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Fig.9 Density—neutron plots (after Schlumberger 1972) for the examined zones within Abu Roash Fm. at Abu Gharadig Field

Several plots display the relation between S, and S,
for the examined zones (have been created after Asquith
and Gibson 1982) to judge the reservoir superiority of the
Abu Roash C and E members in Abu Gharadig Field in the
inspected wells. These plots indicate that zone I is the best
oil-bearing interval since most plotted points locate: on and
above k,,=1 (Fig. 12), on and below k., =0 (Fig. 13) and
below W, of 20% (Fig. 14). However, zone II displays lower
efficiency in the reservoir characteristics since most plotted

jllate ¢llodl ay .
des Shevis @) Springer

points locate between 0.5 and 0.1 k,,, (Fig. 12), between 0.01
and 0.1 k,,, (Fig. 13) and above W, of 20% (Fig. 14). Moreo-
ver, the hydraulic characteristics in zone I are better than zone
II. This is because the r35 value (Winland, 1972 and 1976)
exceeds Sp reflecting better flow quality than zone II which
has r35 lower than 5p (Fig. 15).

The gained results from this study have been proved
by the obtainable information from the composite log and
the drill-stem tests (DST) for AG-6 Well. The composite
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Fig. 10 Water saturation—effective porosity plots (Asquith and Gibson 1982) shows grain size distribution for the investigated zones within Abu

Roash Fm. at Abu Gharadig Field

log shows oil satin and displays florescence opposite
zone 1. Moreover, the DST for zone I confirmed the pro-
duction of 3744 BOPD with oil of 39.5° API plus 0.8

MMCFGPD. On the other hand, the drill-stem tests for
zone II in AG-15 well proved the production of conden-
sate with 49 API.
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Fig. 11 Water saturation—effective porosity plots display the investigated zones within Abu Roash Fm. at Abu Gharadig Field
Conclusion e The Late Cretaceous dextral wrench corridor strongly
affected the structural setting of north Western Desert
The conclusions reached in this paper are of significance to including AG Basin. This was proven in this work
explorationists working both in Abu Gharadig Field and in through the seismic interpretation of Abu Gharadig
the north Western Desert as follows: Field which indicated the presence of ENE-WSW
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Fig. 12 Water saturation—irre- 1.0
ducible water saturation plots Zone 1
(Asquith and Gibson 1982) for 0.9

evaluating the relative perme-

ability to oil in the examined 08 __—
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Fig. 13 Water saturation—irre-
ducible water saturation plots
(Asquith and Gibson 1982) for
assessing the relative perme-
ability to water for the zones of
interest

ing influences the distribution of other hydrocarbon

fields.

e The comparison between the petrophysical parameters
for the sandstones of Abu Roash C and E members in
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Abu Gharadig Field revealed good reservoir character-
istics in the sands of Abu Roash C Member rather than
Abu Roash E Member. Accordingly, for further devel-
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Fig. 14 Water saturation—irre-
ducible water saturation plots
(Asquith and Gibson 1982) to
calculate the water-cut percent-
age for the interesting zones
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opment of the present hydrocarbon accumulations or
for the exploration of new prospects in AG Basin and
its surroundings, the efforts should be focused on the

Sw

sandy levels within Abu Roash C Member (1*' priority)
and the sand levels within Abu Roash E Member (2nd
priority).
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Fig. 15 Correlation graph (Y-axis signifies the permeability val-
ues; X-axis characterises the effective porosity values and the colour
reflects the water saturation values) signifies the r35 value (Winland,
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1972 and 1976). Note that this figure is just a representative graph
for correlation between zones I and II since the plotted points are not
based on microscopic measurements of rock core samples
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