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Abstract

The main aim of the article is to evaluate the gas potentiality for the post-Messinian megasequence in TAO Field, North
Sinai Concession, offshore Nile Delta Basin. The detailed petrophysical analysis for three deviated wells in the study area
(Tao-3 ST1 Well, Tao-5 STA Well and Tao-7 Well) revealed that the Pliocene Kafr El-Sheikh Formation includes eleven
gas-bearing zones. These zones were named: A, B, C in Tao-3 ST1 Well and D, E, F in Tao-5 STA Well. In Tao-7 Well,
the interesting zones are named G, H, I, J and K. All of these sandy intervals are relatively shallow in depth and differ in
thickness between 4 and 56 m. These zones are characterized by shale volume (10%), total porosity (30-40%), effective
porosity (30-35%), gas saturation (50-90%), high effective permeability to gas and low permeability to water. The seismic
data displayed that listric faults and the associated rollover folds have an important role in forming structural traps for the
examined gas-bearing zones in Tao Field and its surroundings. This work revealed that the success rate in discovering new

gas prospects within the Pliocene—Pleistocene succession at North Sinai Concession is very high.
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Introduction

The Nile Delta Basin is a huge gas province in the eastern
Mediterranean region (Dolson et al. 2002). Recently, numer-
ous gas discoveries, from Oligocene to Quaternary, were
explored.

The Nile Delta Basin is holding about 223 trillion cubic
feet of gas reserves in more than 126 fields scattered in
the Nile Cone (Kirschbaum et al. 2010). These fields were
principally generated from mature source rocks found in
the Neogene deltaic sequence, as well as a large biogenic
gas source (Vandré et al. 2007). The gas exploration in Nile
Delta Basin started since the discovery of the Abu Madi
Field in 1967 from clastic plays. The Abu Madi Field was
followed by the Baltim discovery from the buried Miocene
channels which were deposited throughout the Messinian
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Salinity crisis. In the 1980s, deeper targets corresponding
to the Middle Miocene sandstones were discovered in El-
Temsah Field.

In the 1990s, the exploration process in the Nile Delta
Basin was concerned with the ultra-deeper water from the
Pliocene turbidite plays (e.g. Ha’py Field). Recently, the
Early Miocene-Oligocene sands also yielded good results
in the Nile Delta Basin, such as Raven Field (Esestime et al.
2016). In 2015, ENI Company drilled a new play close to
the Egypt/Cyprus boundary at water depth of 1500 m. This
play represents a very large carbonate platform correspond-
ing to the Early-Middle Miocene age and lies beneath a thick
section of Messinian evaporates. This target was drilled by
the Zohr-1 Well. The gross thickness of this discovery was
found to hold a 628 m of gas column and net pay of 430 m.
The gas in place was initially estimated at 30 TCF (Esestime
et al. 2016).

The sands of the Early-Middle Pliocene (Kafr El-Sheikh
Formation) in addition to the Late Pliocene (El-Wastani
Formation) characterize the most optimistic targets for gas
exploration within the offshore portions of the Nile Delta
(e.g. Lashin and Mogren 2012; Othman, et al. 2018; Abd
El-Gawad et al. 2019; Leila and Mohamed 2020; Elatrash
et al. 2021). This is because the Pliocene sequence in Nile
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Delta Basin does not include challenges in exploring new
plays. These hardships exist in the pre-Messinian sequence,
including the high pressure, the poor seismic imaging and
the absence of direct hydrocarbon indicators (Dolson et al.
2002). Many of the discovered gas in Nile Delta Basin are
biogenic (mainly methane) in origin. Also, a thermogenic
source lies beneath the Nile Delta which has been proved
by minor oil discovery particularly in the Pre-Pliocene dis-
coveries (Esestime et al. 2016).

The Pliocene clastics in the Nile Delta Basin display an
outboard progradation with time and are one of the chief
hydrocarbons plays. The Pliocene sandy intervals are usually
unconsolidated and have excellent reservoir properties with
porosity varying between 24 and 36% and the net sand is
expected to be 30-90% (Abdel Aal et al. 2000). The Pliocene
sediments contain turbidites at the slope and basin floor in
the form of channel, channel levees and sheet sands (Abdel
Aal et al. 2000). The principle axis of Pliocene deposition
trends SE-NW over the existence of rotated fault block.
Several buried channels are cut by large salt-induced faults
providing attractive exploration targets (Abdel Aal et al.
2000). The Pliocene channel plays have been demonstrated
by successful explored wells at offshore Nile Delta Basin,
such as Seth, Ha’py, Seti, Osiris, Rosetta, Saffron and Scarab
discoveries (Abdel Aal et al. 2000). The Pliocene slope-tur-
bidite plays (such as Sapphire, Sienna, Simian and Taurus)
represent recent discoveries in the western offshore parts of
Nile Delta Basin (Abdel Aziz and Shann 2005).

The North Sinai Concession is situated within the east-
ern flank of Nile Delta cone in the Mediterranean Sea,
about 65 km northeast of Port Said City. It involves three
separate fields: Tao, Kamose and Seti-Plio with whole area
of about 383 Km? (Ewida, and Darwesh 2010) as shown
in Fig. 1. The present study concerns with Tao Field
which covers an area of about 143 km? between latitudes:
31.5-32° N and longitudes 32.5-33° E in North Sinai Con-
cession (Fig. 1).

The offshore portion of Sinai conserves good condi-
tions for hydrocarbon accumulation and needs more
intensive exploration (Abd-Allah et al. 2020). Also, the
Pliocene—Pleistocene section in TAO Field is still prom-
ising for hosting shallow gas reservoirs located close to
numerous hydrocarbon discoveries which merits further
exploration by NOSPCO (Ewida and Darwesh 2010).
Consequently, the current work aims to assess the gas
potentiality of the Post-Messinian sandy intervals in Tao
Field. This goal has been achieved through evaluating the
petrophysical parameters for the sand-intervals in three
deviated wells in Tao Field (Tao-3 ST1, Tao-5 STA and
Tao-7 wells). This aids in assessing the quality of the gas
reservoir and adds new economic reserves to natural gas
resources existing at North Sinai Concession, offshore
Nile Delta Basin.
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Fig. 1 Map shows the location of Tao Field at North Sinai Concession, offshore Nile Delta Basin
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Geologic setting

The Nile Delta Basin is located at the eastern Mediterra-
nean province covering an area of approximately 250,000
km? (Kirschbaum et al. 2010). It was originated as a pas-
sive margin basin in Late Triassic—Early Cretaceous
times due to the thermal subsidence followed the rift-
ing phase which was characterized by NW-SE and E-W
trending basins (May 1991; Dolson et al. 2001; Loutit
et al. 2001). The hinge line in the Nile Delta Basin is an
E-W oriented fault representing the southern boundary of
the thick Neogene section to the north of the Nile Delta
provenance (Harms and Wray 1990).

During the Senonian-Eocene times, these basins were
inverted producing series of NE-SW oriented folds of
the Syrian arc system (Moustafa and Khalil 1995; Abd-
Allah 2008). Throughout the Late Miocene times, a sub-
sequent extensional tectonic phase with dominant NW ori-
ented faults affected the Nile Delta Basin resulting from
the NNW propagation of the Gulf of Suez rifting phase
(Sarhan et al. 2014).

Throughout the Messinian time (7.24-5.33 Ma), the
Mediterranean Sea was isolated from the Atlantic Ocean.
Consequently, this was followed by an eustatic sea level
falling which developed large system of paleo-canyons
incised the area around the Mediterranean region (Bar-
ber 1981; Sestini 1989; Harms and Wary 1990; Dolson
et al. 2002; Salem et al. 2005). This sea level falling stage
was tracked by major marine flooding phase during the
Pliocene age (5.3 m y) (Lourens et al. 1996) due to the
re-reconnection between the Mediterranean Sea and the
Atlantic Ocean (Ruggieri and Sprovieri 1976).

The Pliocene—Quaternary section in the Nile Delta
Basin is a post-rift megasequence (Sarhan et al. 2014)
and is usually referred to as post-Messinian megasequence
(e.g. Sarhan and Safa 2019). This megasequence was
deposited under an active prograding phase associated
with the influence of clastics charge from distal fluvial
system located to the south (El-Fawal et al. 2016).

The stratigraphy of Post-Messinian megasequence in
Nile Delta Basin encompasses Kafr E1 Sheikh Formation
of Early-Middle Pliocene, El Wastani Formation and Mit
Ghamr Formation of Late Pliocene, Bilqas Formation of
Quaternary age (EGPC 1994), as shown in Fig. 2. Kafr El-
Sheikh Formation was deposited in an outer shelf marine
setting, while El Wastani Formation characterizes the delta
front sub-environment, but Mit Ghamr Formation displays
the distributary mouth bars of the deltaic sequence (EI-
Fawal et al. 2016).

The sandy intervals of Kafr El-Sheikh Formation signify
the principal gas reservoirs for numerous new discoveries
in Nile Delta Basin with thick net pays (Mohamed 2004).

Data and methodology

The accessible geophysical data in the present study encom-
passes twenty-two 2D seismic sections covering the study area
(Fig. 3). The seismic data has been tied to three deviated wells
(Tao-3 ST1, Tao-5 STA and Tao-7) drilled in Tao Field at
North Sinai Concession using Petrel Software of Schlumberger
(Figs. 4, 5 and 6). The available wireline logs data for these
wells include as follows: Calliper, Corrected Density, Gamma
Ray, Sonic, Resistivity, Neutron and Density logs. The mud
log for Tao-3 ST1 Well in addition to the composite logs for
Tao-5 STA and Tao-7 wells are also available encompass-
ing the lithologic description and the chromatograph analy-
sis which is helpful in referring to the hydrocarbons bearing
zones.

The objective of the present work has been performed
through the qualitative examination for the available mud and
composite logs of the examined wells to discriminate the pos-
sible hydrocarbon-bearing zones within the Pliocene—Pleisto-
cene section. This step has revealed eleven sandstones inter-
vals displaying positive signs for being gas-holding zones.
These zones are named A, B, C in Tao-3 ST1 Well and D, E,
F in Tao-5 STA Well. However, in Tao-7 Well, the interest-
ing zones are named G, H, I, J and K. The optimistic signs
opposite these zones encompass the high values of the chro-
matograph analysis, especially for methane, Ethan and butane
content (supporting the presence of gas rather than oil). The
depth interval and thickness for each zone in the investigated
wells are summarized in Table 1.

The suites of the wireline logs represent the interesting
zones that have been quantitatively appraised using Techlog
Software of Schlumberger. This evaluation encompasses the
calculations of the primary petrophysical parameters which
are important for describing the potentiality for hydrocarbon
reservoirs. These parameters include as follows: shale volume
(Vsh), total porosity (¢y), effective porosity (¢,), water satura-
tion (S,,) and bulk volume of water (BVW).

Shale volume (Vsh)

Shale volume displays the amount of clay in the examined
zones. It can be calculated from different wireline logs, such
as gamma ray, neutron and density logs. Vsh is expressed as
a percentage or fraction. It has been determined in this work
from gamma ray log as a linear response and displayed in track
four of figure B in Figs. 7, 8, 9, 10, 11, 12, 13, 14, 15, 16
and 17 using the following relationship after Fertl and Frost
(1980):-

(GR = GR;,)

V,, = (H
. (GRmax - GRmin)
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Fig.3 Study area with accessible seismic profiles and wells locations
where Vsh=Shale volume; GR = gamma ray reading value; G = Gy +9p @
GR,,;,=lowest gamma ray value; GR,,,=highest gamma TT Ty
ray value. . .
where ¢p=Total porosity; ¢, =neutron porosity; ¢, =den-
sity porosity.
Total porosity (¢)

Total porosity represents the total volume of the entire
void spaces within a rock and is expressed as percentage or
fraction. It sums two components: primary and secondary
porosities. The following formula of Asquith and Gibson
(1982) has been used to calculate the total porosity based
on the neutron-density porosity logs and shown in track five
of figure B in Figs. 7, 8,9, 10, 11, 12, 13, 14, 15, 16 and 17:

Effective porosity (¢,)

The percent of interconnected voids in a given volume of
rock which able to transmit fluids is called effective poros-
ity (Asquith and Gibson 1982). It has been calculated by the
following equation and displayed in track six of figure B in
Figs.7,8,9,10,11, 12,13, 14,15, 16 and 17:

/
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Fig.4 North—South seismic crossline No. 6050 displays the post- suggested bright spots which expected to be further gas-bearing zones
Messinian megasequence in the study area and the gas-bearing zones in the study area within the post-Messinian megasequence at North
within Tao-3 ST1 Well (zones: A, B and C). The red arrows refer to Sinai Concession
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ing zones within Tao-5 STA Well (zones: D, E and F). The red arrows at North Sinai Concession
refer to suggested bright spots which expected to be further gas-bear-

B, =0 (1-Vy) (3)  Water saturation (S,,)
where ¢, =Effective porosity; ¢,=Total porosity; = Water saturation has been computed for the inspected zones
V,, =Shale volume. using Indonesia model of Poupon and Leveaux (1971) as
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Fig. 6 East—West seismic inline No. 1631 displays the promising zones of Tao-7 Well (zones: G, H, I, J and K)

Table 1 Summary table for the promising gas-bearing zones within the examined wells at Tao Field, North Sinai Concession, offshore Nile
Delta Basin, Egypt

Well name Well location Zone Measured depth True vertical depth
(Gas-Pay) “m” “m”
From To Thickness From To Thickness
TAO-3 ST1 3136"38.51" N Zone A 2235 2298 63 1821 1871 50
3245'3548"E Zone B 2444 2515 71 1988 2044 56
Zone C 2628 2650 22 2133 2150 17
Total thickness 156 Total thickness 123
TAO-5 ST A 31°36'38.247" N Zone D 2500 2555 55 1751 1794 43
32°45'36.181"E Zone E 2850 2882 32 2015 2034 19
Zone F 3169 3215 46 2197 2224 27
Total thickness 133 Total thickness 89
TAO-7 31°36'38.0915" N Zone G 1162 1169 7 971 975 4
32°45"36.1958"E Zone H 1242 1266 24 1025 1041 16
Zone 1 1509 1538 29 1201 1219 18
Zone J 2027 2046 19 1535 1547 12
Zone K 2270 2288 18 1691 1703 12
Total thickness 97 Total thickness 62
follows: where S, = water saturation; Vg = shale volume; ¢, =effec-
1 tive porosity; Ry = sha'le 're'sistivity; R,=deep resistivity;
1 n R, = connate water resistivity (set equals 0.086 Qm?/m);
V2h—Vsh 2 P m = cementation exponent (set equal 2); n = saturation expo-
Sy = ;Q R + (R_e> R, @) nent (set equal 2); a =tortuosity factor (set equal 1). The
S w

values of all these variables have been set according to an
internal report from North Sinai Petroleum Company.
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Fig.7 A Mud log shows the high values of the chromatograph analysis opposite zone A within Tao-3 ST1 Well between measured depths 2235
and 2298 m. B Petrophysical data with interpretation for zone A represents the highly promising characteristics for gas production for zone A

The calculated water saturation values have been dis-
played in track seven of figure B in Figs. 7, 8, 9, 10, 11,
12, 13, 14, 15, 16 and 17 are shaded with blue colour,
while the red colour in the same track refers to the gas
saturation value.
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Bulk volume of water (BVW)

Bulk Volume Water represents the value of water saturation
times porosity. If the calculated BVW values in a specific
zone are low and constant, this zone is expected to produce
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Fig.8 A Mud log shows the high values of the chromatograph analysis opposite zone B within Tao-3 ST1 Well between measured depths 2444
and 2515 m. B Petrophysical data with interpretation for zone B represents the highly promising characteristics for gas production for zone B

water-free hydrocarbon. It can be determined by applying
the following equation (after Buckles 1965):

BVW = ¢,.5,

The calculated BVW values have been presented in
track eight of figure B in Figs. 7, 8,9, 10, 11, 12, 13, 14,
) 15, 16 and 17 and are shaded with blue colour.

where ¢, =Effective porosity; S, = water saturation.
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Fig.9 A Mud log shows the high values of the chromatograph analysis

opposite zone C within Tao-3 ST1 Well between measured depths 2628

and 2650 m. B Petrophysical data with interpretation for zone C represents the highly promising characteristics for gas production for zone C

Effective permeability

Effective gas and water permeability reflect the expected
fluid flow through the production process from hydrocar-
bon reservoirs. The increase in values of gas permeability
means the reduction in water permeability to flow out from
the reservoir (accordingly, the extracted fluid during pro-
duction will be gas) and vice versa.

The calculated gas permeability values have been pre-
sented in track nine (the last track) in figure B of Figs. 7, 8,
9,10, 11, 12, 13, 14, 15, 16 and 17 and are shaded with red
colour. However, the calculated water permeability values
have been presented in the same track but with blue colour.

Piedase cllodlayan
KACST a.0141lg oglel)

@ Springer

Pickett plot

Pickett plot represents the relation between deep resis-
tivity (on the x-axis) and the effective porosity (on the
y-axis) using logarithmic scales (Pickett 1972). This plot
has been created to graphically display the efficiency for
the interpreted zones to be promising gas-bearing intervals
in the examined wells. In Tao-3 ST1 Well, the interesting
zones (A, B, C) are shown in Fig. 18, while the motivating
zones in Tao-5 STA Well (zones: D, E, F) are presented in
Fig. 19 and the promising zones of Tao-7 Well (zones: G,
H, I, J and K) are displayed in Fig. 20.
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Fig. 10 Petrophysical data with interpretation for zone D between measured depths 2500 and 2555 m within Tao-5 STA Well represents the

highly promising characteristics for gas production for zone D

Results and discussion

Based on the mud and composite logs for the examined
wells, the entire sands of the different gas-bearing zones
(A,B,C,D,E, F, G, H, I, ] and K) within Kafr EI-Sheikh
Formation are almost similar in description. These sands
are loose, colourless, white, grey, medium to fine-grained
and occasionally coarse, sub-rounded to sub-angular, mod-
erately sorted, occasionally glauconitic and with no oil
shows.

The well log patterns opposite all the examined zones (A,
B,C, D, E, F, G, H, I, J and K) exhibit the following nine
characteristics:

1. Presence of minor shale volume evidenced by the low
gamma-ray values (gamma-ray curve deflects to the left)
as shown in the first track of figure B in Figs. 7, 8, 9, 10,
11,12,13, 14,15, 16 and 17.

2. The neutron curve (dashed-blue curve) deflects to the
right and reads low porosity due to the low interactions
between neutron and hydrogen in gas zones compared
to the neutron and hydrogen interactions in water zones.
The density curve (solid red curve) deflects to the left
due to the presence of gas minimizing the reading of
density. Also, the wide separation between neutron and
density curves reflects the existence of gas. Moreover,
the cross-over feature between neutron and density
curves confirms the sandstone matrix (second track of
figure B in Figs. 10, 11, 12, 13, 14, 15, 16 and 17.

3. The deep resistivity curve deflects to the right confirm-
ing the presence of the non-conductive gas as presented
in the third track of figure B in Figs. 7, 8, 9, 10, 11, 12,
13, 14,15, 16 and 17.

4. The calculated volume of shale in the examined zones
is relatively very low (around 10%) as seen in the fourth
track of figure B in Figs 7, 8, 9, 10, 11, 12, 13, 14, 15,
16 and 17.

5. The calculated total porosity in the examined zones is
relatively very high (30—40%) as revealed in the fifth
track of figure B in Figs 7, 8, 9, 10, 11, 12, 13, 14, 15,
16 and 17.

6. The calculated effective porosity in the inspected zones
is relatively very high (30-35%) as shown in the sixth
track of figure B in Figs 7, 8, 9, 10, 11, 12, 13, 14, 15,
16 and 17.

7. Most of the investigated water saturation values for the
examined zones vary between 10 and 50% (i.e. gas satu-
ration ranges between 90 and 50%) reflecting the high
gas potentiality of these zones as noticed in the seventh
track of figure B in Figs 7, 8, 9, 10, 11, 12, 13, 14, 15,
16 and 17.

8. The values derived for bulk volume water are relatively
low as revealed in the eighth track of figure B in Figs 7,
8,9,10,11,12,13, 14, 15,16 and 17.

9. The increase in values of effective gas permeability and
the decrease in water permeability reflect that the gas
will be the expected fluid which will flow out from these
zones as displayed in the last track of figure B in Figs 7,
8,9,10,11,12,13, 14,15, 16 and 17.

Consequently, the examination of the well logging data
revealed that all the inspected zones in the examined three
wells have the ultimate optimistic criteria for being gas-
producer zones. The values derived for both water satura-
tion (Sw) and bulk volume water (BVW) are low indicating
that the examined intervals are reservoirs with a high gas
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Fig. 11 A Composite log shows the high values of the chromatograph Petrophysical data with interpretation for zone E represents the highly
analysis and the high deep resistivity values opposite zone E within promising characteristics for gas production for zone E
Tao-5 STA Well between measured depths 2850 and 2882 m. B

saturation at irreducible water saturation (Asquith and Gib-  risk of penetrating a dry exploration well (Hammond 1974).
son 1982). The bright spots are caused by the changes in seismic wave

Bright spots are the most popular features of DHI (Direct ~ amplitude which depends on the physical properties of rocks
Hydrocarbon Indicators) which give indication for the occur-  and the included pore fluids (Gardner et al. 1974). The shal-
rence of hydrocarbon on seismic sections and decrease the  low Pliocene gas pays in Nile Delta Basin are characterized
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Fig. 12 A Composite log shows the high values of the chromatograph
analysis and the high deep resistivity values opposite zone F within
Tao-5 STA Well between measured depths 3169 and 3215 m. B

by obvious direct hydrocarbon indicators (flat and bright
spots) on the seismic profiles which enhanced the industrial
success rate to reach approximately 90% (Samuel et al. 2003;
Dolson et al. 2005). In North Sinai Concession, several
bright spots within the Pliocene—Quaternary section overlies

Petrophysical data with interpretation for zone F represents the highly
promising characteristics for gas production for zone F

the Messinian evaporites were already drilled with proven
gas discoveries (Ewida and Darwesh 2010). Figures 4 and
5 show several bright spots for the thick gas-bearing sandy
intervals close to the drilled wells, but the examined zones
in the present work don’t display these bright spots, because
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Fig. 13 A Composite log shows the high values of the chromatograph
analysis and the high deep resistivity values opposite zone G within
Tao-7 Well between measured depths 1162 and 1169 m. B Petrophys-

they are sub-seismic resolution according to its relatively
small thickness.

The Pliocene targets in the study area are primarily
expected to host primarily biogenic gas sourced from the
Pliocene shale (of Kafr El-Sheikh Formation) above and
beneath the sandstone reservoirs (Vandré et al. 2007; Leila
and Moscariello 2017). Moreover, the abundance of listric

pjaliase cllol & :
rA}—CﬂSTl;fmJJIq roglal 2 Springer

ical data with interpretation for zone G represents the highly promis-
ing characteristics for gas production for zone G

faults in North Sinai Concession played an essential role in
forming these targets. The northward progradation of the
post-Messinian sediments over the mobile Messinian evapo-
rites created a series of these listric faults which detach-
ing at the Messinian salt. The movements on these faults
created a group of rollover folds which forming the main
structural traps in the study area and surroundings (Ewida
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Fig. 14 A Composite log shows the high values of the chromatograph ical data with interpretation for zone H represents the highly promis-
analysis and the high deep resistivity values opposite zone H within ing characteristics for gas production for zone H
Tao-7 Well between measured depths 1242 and 1266 m. B Petrophys-
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Fig. 15 A Composite log shows the high values of the chromatograph
analysis and the high deep resistivity values opposite zone I within
Tao-7 Well between measured depths 1509 and 1538 m. B Petrophys-

and Darwesh 2010). Figures 4 and 5 display clear exam-
ples of these listric faults and the related rollover folds. The
upthrown fault blocks represent large structural closures and
therefore they form significant exploration targets (Abdel
Aal et al. 2000).
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ical data with interpretation for zone I represents the highly promis-
ing characteristics for gas production for zone I

Throughout the Pliocene, the offshore portion of Nile
Delta Basin was characterized by N-S linear turbidite
channels. These channels extend over 120 km and are vari-
able in width up to 5 km (Fig. 21). During the late Early
Pliocene times (Late Zanclean ~ 3.8 Ma), forced regression
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Fig. 16 A Composite log shows the high values of the chromatograph
analysis and the high deep resistivity values opposite zone J within
Tao-7 Well between measured depths 2027 and 2046 m. B Petrophys-

phase in the Mediterranean Sea level was prevailed which
resulted in the development of several progradational
sequences (Dolson et al. 2005). The retreat of the Medi-
terranean shoreline led to the accumulation of coastal and

ical data with interpretation for zone J represents the highly promis-
ing characteristics for gas production for zone J

fluvial deposits in the Nile Delta Basin (e.g. Loncke et al.
2002; Zachos et al. 2001). Throughout this phase, the del-
taic sedimentation process prevailed in deep-water part as
turbidities with well-developed slope channels and distal
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Fig. 17 A Composite log shows the high values of the chromatograph
analysis and the high deep resistivity values opposite zone K within
Tao-7 Well between measured depths 2270 and 2288 m. B Petrophys-

fans (Dolson et al. 2005; Leila and Mohamed 2020). The
shape of the Nile Delta is asymmetric as it is characterized
by steep eastern side due to very rapid sedimentation of
the Plio—Pleistocene sediments. However, the western side
is gentler and more dominated by extensive slope channel
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ical data with interpretation for zone K represents the highly promis-
ing characteristics for gas production for zone K

systems (Dolson et al. 2005; Leila and Mohamed 2020) as
displayed in Fig. 21.

The gas-bearing zones in the present work represent sheet
sands inside Kafr El-Sheikh Formation. These sands were
bypassed through confined flow (updip channels) and were
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deposited in an unconfined downdip setting due to the slow-
ing down of flows at the ends of channels. Commonly, the
extension of sheet sands exceeds the area of the trap (Slatt
2006). Sheet sand is considered one of the best reservoirs
in deep water, because it represents the simplest reservoir
geometry and has good vertical and lateral continuity, high
width/thickness ratio (more than 500:1) and small range in
grain size (Chapin et al. 1994; Mahaffie 1994).

Although 88 TCF of natural gas reserve has already been
discovered in Nile Delta Basin including the new significant
discoveries, such as Zohr Field (Ismail et al. 2020), the Geol-
ogy of the Nile Delta is still lacking detailed investigation
due to the limited subsurface data and additional exploration
activities are required in the future (Ismail et al. 2020). Also,
the identification of the deep-water reservoirs is difficult and
signifies a challenge due to the complexity of depositional
system and the limited exploration level (Reilly 2016).

1 10 100

Deep Resistivity (OHMM)

Moreover, studying the reservoir facies and diagenetic
pathways is vital for expecting the distribution of different
diagenetic characteristics which strongly control the quality
and reduce the exploration risks for these shallow Pliocene
gas reservoirs in the Nile Delta (Leila and Mohamed 2020).

Conclusions

The Post-Messinian megasequence of Nile Delta Basin is
a wealth of natural gas reserves. The Pliocene—Pleistocene
sequence in TAO Field, North Sinai Concession, offshore
Nile Delta Basin has a great potentiality for holding gas res-
ervoirs at shallow depths. The analysis of well logging data
for three deviated wells (Tao-3 ST1, Tao-5 STA and Tao-7),
revealed that eleven sand-intervals located within Kafr El-
Sheikh Formation are gas-holding zones. These zones vary
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Fig. 19 Pickett plots for zones D, E and F in Tao-5 STA Well. Note
that the plotted points which are located below line Sw=50% reflect
the gas pay for each zone. Points outlined by dotted-blue polygon

in thickness from 4 up to 56 m. The calculated petrophysical
parameters for these intervals display highly promising char-
acteristics for gas production, including low shale volume
(around 10%), high total porosity (30-40%), high effective
porosity (30-35%), low water saturation (10-50%), low bulk
volume water, increase in values of effective gas permeabil-
ity and the decrease in water permeability.
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which clustered below line Sw=>50% represent the most promising
points for being gas reservoirs

The thick gas plays within the post-Messinian megase-
quence in North Sinai Concession exhibit noticeable direct
hydrocarbon indicators (bright spots) on the seismic data
which enhanced the industrial success rate. Moreover, the
listric faults and the related rollover folds played signifi-
cant role in forming structural traps for the gas-bearing
zones in Tao Field and its surroundings. Consequently,
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Fig. 20 Pickett plots for zones G, H, I, J and K in Tao-7 Well. Note
that the plotted points which are located below line Sw=50% reflect
the gas pay for each zone. Points outlined by dotted-blue polygon
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Fig.21 Map represents the location of the Tao Field and the Pliocene
depositional system in the offshore parts of Nile Delta Basin (After,
Abdel Aal et al. 2000)

it is highly recommended for the North Sinai Petroleum
Company (the honour of the examined concession) to drill
new wells cut through every bright spot in the study area
for discovering additional possible gas-bearing reservoirs.

which clustered below line Sw=>50% represent the most promising
points for being gas reservoirs
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