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Abstract

The primary objective of this investigation is to conduct a petrophysical evaluation of the gas potential within the
sandstones of the Pliocene Kafr El-Sheikh Formation (KSF) located in the Tao Field, offshore Nile Delta Basin (NDB).
The analysis relies on nineteen seismic sections and wireline logs obtained from two deviated drilled wells, namely Tao-
6 and Tao-8 wells. The seismic examination reveals the presence of several distinctive bright spots within the KSF. These
bright spots represent favorable gas-bearing reservoirs in the study area. The examination of the well logging data
indicates positive petrophysical indicators throughout the sandstones of the KSF in both Tao-6 and Tao-8 wells, sug-
gesting their potential as gas reservoirs. In the Tao-8 well, two notable pay intervals (Zone A and Zone B) were observed,
displaying significant net pay vertical thickness varying between 57 m (in Zone A) and 60 m (in Zone B), effective
porosity ranging from 34 to 37%, minimal shale content between 10 and 15%, low water saturation varying from 2 to 10%,
high hydrocarbon saturation ranging from 90 to 98% and a low bulk volume of water varying between 1 and 4%.
Meanwhile, the interpreted reservoir zone in the Tao-6 well (Zone C) is 6 m thick and exhibits an average effective
porosity of 25%, low shale content of 20%, low water saturation of 3%, hydrocarbon saturation of 97%, and low bulk
volume of water of 1%. The identified reservoir intervals within the Tao-6 and Tao-8 wells signify gas potential in the
sandstones of the KSF in the offshore Nile Delta Basin, providing valuable insights for future gas exploration, especially
in the neighboring regions of the study area.
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1. Introduction the NDB underscores its importance as a prolific
source of gas reservoirs across diverse geological
formations. The Abu Madi Formation, in particular,
has served as a significant natural gas source for
numerous petroleum companies operating in both
onshore and offshore regions of the NDB since 1963,
as documented by Abu El-Ella."" Generally, well
logging is a critical tool in the exploration and
appraising the hydrocarbon potential in oil and gas
reservoirs.'” > In this study, the geophysical
assessment of gas-bearing sandstones was con-
ducted through a petrophysical evaluation of the

The Neogene to Quaternary segment of the Nile
Delta Basin (NDB) has garnered significant attention
in hydrocarbon exploration due to its abundant gas
reserves.”” Exploration efforts have targeted both
onshore and offshore areas. Over the past five de-
cades, the NDB has emerged as a major gas-
producing region, with the discovery of numerous
trillion cubic feet of gas. These discoveries span
various geological layers, from the Oligocene to the
Pliocene-Pleistocene.’ '’ The exploration history in
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Pliocene Kafr El-Sheikh reservoirs in the Tao field,
primarily using wireline logs.

The NDB is identified as a passive margin basin,
originating from thermal subsidence following
extension tectonics that detached the African and
the Eurasian plates during the Late Triassic-Early
Cretaceous period.””” It exhibits a fan-shaped
structure and encompasses a significant sedimen-
tary section spanning from the Late Tertiary up to
the Quaternary age, covering approximately
250 000 km? in the eastern Mediterranean region.
The basin's geological history includes the forma-
tion of a significant faulted and overall flexed zone
known as the Hinge Zone during the Jurassic to
Early Cretaceous period. This geological feature
extends across northern Egypt and has been
documented by researchers such as Sestini and
Said.”**” The Hinge Zone represents a notable
tectonic element that influenced the geological
characteristics of the NDB during this specific time
frame. It serves as a distinctive marker for the
southern boundary of the rifted continental margin
in northern Egypt”® and bisects northern Egypt
along an east-west trending direction.”” Along this
hinge line, numerous normal faults have emerged,
displaying a pronounced downward faulting trend
toward the north. This geological activity has led to
a notably thick sedimentary section, ranging be-
tween 5000 and 7000 m observed to the north of the
line. In contrast, the southern side of this line re-
cords a considerably thinner section, ranging from
500 to 1500 m.”**"*" These observations underscore
the significant impact of tectonic forces and faulting
processes along the hinge line, influencing the
thickness and structural characteristics of the
sedimentary deposits on either side of this
geological feature. During the Plio-Pleistocene
epoch, a compression belt emerged, characterized
by sinistral wrench tectonic, resulting in the
development of the Pelusium fault, trending in a
northeast-southwest direction. The Pelusium fault
line traverses the northwestern offshore regions of
Sinai, serves as a boundary for the southern
portion of the NDB, and further extends into the
western portion of the African Plate. This tectonic
feature illustrates the dynamic geological processes
that have influenced the structural development of
the region during the specified period, reflecting
the intricate interplay of forces along the Pelusium
fault line.’**"

The Neogene section in the NDB (Fig. 1) includes
the El Wastani and Mit Ghamr formations (Late
Pliocene), Early-Middle Pliocene Kafr El-Sheikh
Formation (KSF), Rosetta Formation (Messinian),

Abu Madi Formation (Messinian), Qawasim For-
mation (Messinian), and Sidi Salim Formation
(Serravallian-Tortonian).>*>**°! The Rosetta Forma-
tion exhibits a relatively widespread distribution
across the NDB; however, it is notably absent in the
Abu Madi depositional systems, which encom-
passes fluvial to shallow marine environments.”’
This absence suggests distinct depositional settings
and sedimentary conditions between the Rosetta
Formation and the Abu Madi Formation, high-
lighting the complexity and variability of sedimen-
tary processes in the NDB during the specified
geological timeframe. The Abu Madi Formation
primarily comprises sandstones and shales in-
tercalations and was deposited during the Late
Miocene (Messinian) age, specifically during the
ending stage of the Upper Miocene syn-rift mega-
sequence, as highlighted by EI-Heiny and Morsi;
Egyptian General Petroleum (EGPC).”>®" The
deposition of the Abu Madi Formation was notably
influenced by tectonic processes rather than
changes in relative sea levels.”®

The offshore region of Sinai (eastern NDB) holds
favorable conditions for gas accumulation, necessi-
tating intensified exploration efforts, as noted by
Abd-Allah et al.”” Additionally, the Pliocene-Pleis-
tocene section in the TAO Field shows promise for
hosting shallow gas reservoirs near existing hydro-
carbon discoveries, warranting further investiga-
tion.”® Therefore, this study purposes to evaluate the
hydrocarbon potential of the sandy intervals of the
Pliocene KSF in the Tao Field (Fig. 2). To achieve this
objective, petrophysical parameters for the Pliocene
sandstones in two wells in the Tao Field (Tao-6 and
Tao-8) were evaluated. This assessment aids in
determining the superiority of the gas reservoirs as
well as contributes extra commercial gas reserves
within the eastern offshore NDB.

2. Data and methodology

The current study is dedicated to the geophysical
evaluation of the gas-bearing sandstones of the Plio-
cene KSF in Tao Field, offshore NDB (Fig. 2a). The
available geophysical data comprises nineteen
seismic profiles that span the studied area (Fig. 2b).
Moreover, the mud logs as well as the conventional
wireline logs from two deviated wells — Tao-6 and
Tao-8 form the primary dataset for analysis (Figs. 3—5).
This research focuses on calculating key petro-
physical parameters essential for characterizing the
gas-bearing zones within the studied wells. These
parameters include water saturation (Sw), hydro-
carbon saturation (Sh), bulk volume of water (BVW),
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Fig. 2. (a) Map indicates the site of Tao Field, offshore Sinai. (b) Study area including wells locations and accessible seismic data.
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effective porosity (PHIE), total porosity (PHIT) and
shale content (Vsh) which was estimated using
gamma ray (GR) wireline in each well. The shale
content, total porosity and effective porosity were

calculated using the equations of Asquith
Gibson™ as follow:-

VSh=(GR — GRmin)/(GRmax — GRmin)
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Fig. 3. (a) The mud log of Zone A in Tao-8 well shows the high values of the gas chromatographic analysis opposite Zone A. (b) Petrophysical data
with evaluation for Zone A.
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Fig. 4. (a) The mud log of Zone B in Tao-8 well shows the high values of the gas chromatographic analysis opposite Zone B. (b) Petrophysical data

with evaluation for Zone B.
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Where; Vg, is shale content; GR is gamma ray
reading; GRpn is the minimum gamma ray reading;
and GRy,.x is the maximum reading.

¢T= (PN + &D)/2 (2)
Where; &7 is total porosity; @y is neutron porosity;
@p, is the density porosity.
®D=(pma — pb)/(pma — pfl) (3)
Where; Oy, is porosity derived from density log; py, is
bulk density; pm, is density of matrix; pq is density of
fluid.
pe=¢T * (1 — VSh) (4)
Where; ¢, is effective porosity, ¢ is total porosity;
Vsh is shale content.

On the other hand, the water saturation has
been inferred following the Indonesian model*’ as
follow:-

so=) (Ve
Rsp

=1
n

: ak
)+(j;_;) R

Where, S,, is water saturation; ¢. is effective
porosity; Vg is shale content; Rgy, is shale resistivity
taken as 5 Qm; R; is deep resistivity, R,, is water
resistivity taken as 0.03 Qm; ‘m’ and ‘n’ are cemen-
tation exponent and saturation exponents, respec-
tively, with assumed value of 2.

While, the bulk volume of water was determined
by applying the equation of Buckles."'

(5)

BVW = ¢e x Sw (6)
Where; ¢e = Effective porosity, Sw = water
saturation.

This applied workflow was published by many
authors.”” *® The cut-off values which were applied
in this work for delineating the pay zones in the
examined wells are; water saturation <30%, hydro-
carbon saturation >70%, effective porosity >15%,
bulk volume of water >6% and shale volume <25%.

3. Results and discussion

The examination of the well logs data for the
available two wells has confirmed that the sand-
stones of the Pliocene KSF in Tao Field exhibit
favorable conditions to be considered as possible
gas reservoirs in the two examined wells. The first
interpreted pay interval of Tao-8 well (Zone A) is
located between measured depths; 2350—2423 m
(i.e. between true vertical depths; 1783—1840 m)
(Fig. 3a) and the second interval (Zone B) is located
between measured depths; 2568—2642 m (i.e. be-
tween true vertical depths; 1950—2010 m) (Fig. 4a).
However, the deduced pay zone of Tao-6 well (Zone
C) locates between measured depths; 1729—1742 m
(i.e. between true vertical depths; 1058—1064 m)
(Fig. 5). This conclusion is supported by several
encouraging indicators, such as; the existence of
higher values of the gas chromatographic analysis
opposite these intervals in the available mud logs.
Moreover, the examination of the well logs data
revealed the clean nature (low mud content) of these
intervals, evidenced by the low GR readings. Also,
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the high values of the deep resistivity curve
reflecting the presence of gas.

The calculated key petrophysical parameters for
Zone A and Zone B in the Tao-8 well (Figs. 3B & 4B)
show an average total porosity of 40%. The effective
porosity ranges between 34% and 37%, the shale
volume fluctuates between 10% and 15%, and the
water saturation values vary between 2% and 10%
(i.e., the gas saturation varies between 90% and
98%) with a low bulk volume of water fluctuating
between 1% and 4%. On the other hand, the calcu-
lated petrophysical properties for Zone C in the

E. Selim et al. / Egyptian Journal of Petroleum 33 (2024) 418—428

Tao-6 well display a total porosity varying between
33% and 37%, while the effective porosity ranges
between 22% and 28%. The shale volume fluctuates
between 15% and 25%, the water saturation values
vary between 2% and 4% (i.e., the hydrocarbon
saturation varies between 96% and 98%), and there
is a low bulk volume of water, averaging 1%.

On the other hand, the sands within the gas-
bearing zones of the KSF, as indicated by mud logs,
exhibit similar characteristics. They are loose and
variable in texture from medium to fine-grained,
occasionally appearing coarse. Color-wise, they
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range from colorless to white or grey. Their grains
typically have a sub-rounded to sub-angular shape.
The sorting is moderate to well, suggesting some
level of uniformity in grain size. Additionally, these
sands are glauconitic in nature.

On seismic sections, these gas-bearing zones
appear as bright spots (Figs. 6 and 7). These bright
spots represent the supreme common characteristics
of the Direct Hydrocarbon Indicators (DHI). The
Direct Hydrocarbon Indicators indicates the pres-
ence of oil and gas on seismic data and reduces the
penetrating risk for dry exploration wells.*” The
observed bright spots on the examined seismic data
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(Figs. 6 and 7) were resulted from the fluctuations in
seismic wave amplitude, a phenomenon influenced
by the physical characteristics of the rock and the
fluids it contains, as outlined by Gardner et al.”’

In the NDB, the shallow Pliocene gas-bearing
sandstones are identifiable by distinct direct in-
dicators of hydrocarbons, such as flat and bright
spots observed on seismic data. These indicators
have significantly increased the success rate in the
industry, reaching around 90%, as reported by
Samuel et al. and Dolson et al.”"** In the offshore
Sinai, numerous bright spots have been drilled
within the Pliocene layers overlying the Messinian
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evaporites, resulting in confirmed gas discoveries,
as documented by Ewida and Darwesh.” In the
offshore NDB, the Pliocene hydrocarbon reservoirs
are anticipated to contain primarily biogenic gas,
which is sourced from the Pliocene shale found in
the KSF.>**

Generally, the sandstones of the KSF, along with
the sandstones of the El-Wastani Formation, are
identified as the greatest promising goals for gas
production in the offshore regions of the NDB and
forming thick reservoirs.”* This assertion is sup-
ported by studies conducted by Lashin and Mogren;
Othman et al; Abd El-Gawad et al; Leila and
Mohamed; Elatrash et al.”> *’ Consequently, the
attractiveness of these formations lies in the fact that
the Pliocene sequence in the Tao field, offshore the
NDB presents fewer challenges in terms of
exploring new gas reservoirs.

4. Conclusions

(a) The sandstones of the Lower-Middle Pliocene
KSF represent promising potential shallow
gas reservoirs in the offshore NDB.

(b) The geophysical assessment exhibits opti-
mistic petrophysical signs for the sandstones
of the KSF in the Tao field being possible
reservoirs. The examined reservoirs exhibit
significant characteristics, including net pay
thickness ranging from 6 m to 60 m, effective
porosity varying between 25 and 37%, shale
content fluctuating from 10 to 20%, water
saturation ranging from 3 to 10%, gas satura-
tion varying between 90 and 97% and bulk
volume of water varying between 1 and 4%.

(c) The multiple and thick gas intervals within
the Tao-8 well highly recommend drilling
deviated wells to allow companies to intersect
more productive zones within the reservoir,
increasing production from a single wellbore.

(d) The interpreted reservoir zones are commonly
represented by ‘bright spots’ on seismic sec-
tions, therefore, the high-quality seismic data
is critical in the exploration and production of
gas reserves in Tao field and surrounds.

(e) It is highly recommended to drill new shal-
lower wells in the Tao field and surroundings
to discover extra potential gas-bearing reser-
voirs within the KSF.
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