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Abstract: The Nile Delta is known as the most prolific gas province in North Africa. Gas

exploration and production were the main targets over decades in the Nile Delta. The

integration of petrophysical analysis, seismic interpretation, and seismic attributes could

indicate the presence of gas in Disouq field, which is located in Nile Delta, Egypt. Well

log data showed that the reservoir is classified into three zones (A, B, and C). These zones

are characterized by low gamma ray (around 35%), with relatively high porosity (around

29%) and low water saturation (36–38%). Structural and stratigraphic interpretation

was conducted in order to investigate the extension and geometry of the reservoir, in

addition to the faults affecting the study area. The reservoir is represented by a channel

of Pliocene age, characterized by the low impedance sand saturated by gas. Near and

far offset data show the gas effect. There is an increase of the negative amplitude from

near to far offset. The amplitude map and structural contours match well and show good

conformance. Seismic attributes including surface attributes and “Red Green Blue/colour

blending” help in delineating the extent and geometry of the reservoir, in addition to the

possible prospect. Finally, the volume of original gas in place was estimated what showed

that the study area is of great economic interest.

Key words: Nile Delta, Pliocene reservoir, seismic interpretation, seismic attributes,
calibrated check shot, Disouq field

1. Introduction

The Nile Delta represents a prolific North African gas province. In addi-
tion to its agricultural and population potentialities (Dolson et al., 2001),
it represents one of the main petroleum provinces in Egypt (Dolson et al.,
2001). It is well known for its recent onshore and offshore gas discover-
ies. The Disouq concession (displayed with geographic coordinate system)
(Fig. 1) is located on the onshore part of the Delta. It spreads over an area
of 5,523 km2 and the “North Sidi Ghazy” gas discovery is the main asset of
this concession.
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Fig. 1. The Nile delta in Egypt (a) (modified after Younes, 2015); the study area (b).

The main objectives of this study include tracing the possible prospect
and leads for hydrocarbon reservoir zones; in addition, this work aims to
estimating the volume of original gas in place. Moreover, mapping top El
Wastani and the top of Kafr El Sheikh Formations will be performed.

2. Geological settings

2.1. Lithostratigraphy

The Cretaceous-Miocene rocks have been drilled in the sub-stratum of the
Nile delta and are exposed in the Western Desert fringes (Kellner et al.,
2009). The lithostratigraphy of the delta is classified as follows (Kamel et al,
1998) Moghra, Sidi Salem and Abu Madi formations (Miocene to Pliocene;
Fig. 2). The delta body consists mainly of sand and clays that were de-
posited by fluvial activity during the Pliocene-Quaternary time. The Plio-
Pleistocene sequences are mainly represented by shale or clay with sandstone
interbeds (Fig. 2). The Holocene silty and clay layer increase in thickness
northward and cap these deposits. Particularly toward offshore the men-
tioned intervals contain several sand lenses and sand wedges (Said, 1990).
The study focusses on two formations:

1) The Kafr El Sheikh Formation (lower-middle Pliocene) which consists of
mudstone sequence with thin limestone and sandstone interbeds. This
formation extends all over the Delta area. Rizzini et al. (1978) suggested
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that the Kafr El Sheikh Formation represents neritic mudstones, which
represents the onshore zone of the delta and pass into basinal offshore
mudstones. It was suggested that the sands incorporated into this for-
mation are essentially tempestite beds. This formation is conformably
overlain by El Wastani Formation (Kamel et al., 1998).

2) The El Wastani Formation (upper Pliocene) consists of thick sand beds
interbedded with thin clay beds, which become thinner toward the top of
the formation. The formation is transitional between shelf facies of the
underlying Kafr El Sheikh Formation and coastal to continental sands
of the overlying Mit Ghamr Formation (Pliestocene-Holocene; Kamel et
al., 1998).

Fig. 2. Stratigraphic succession of the Nile delta (modified after Kamel et al., 1998).

2.2. Structural settings

The structural elements affecting the northern margin of Egypt, including
the Nile Delta, were formed during the tectonic evolution (5.9 million years
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ago) of the southern part of Eastern Mediterranean basin (Garfunkel, 1998;
Guiraud and Bosworth, 1999; Abdel Aal et al., 2001; Abd-Allah, 2008).
This region represents the Northeast African continental margin that is
covered by deltaic sediments. Structurally, the Plio-Pleistocene sediments
of the Nile Delta are dissected by the East–West, North-South, northwest
(Temsah trend), and northeast (Rosetta trend) striking faults (Harms and
Wray, 1990; Sarhan and Hemdan, 1994; Abdel Aal et al., 1994; Sarhan
et al., 1996). The northwest and northeast oriented faults dissect mainly
the northeastern and northwestern margins of the delta, respectively. The
northwest and northeast oriented faults intersect together at the southern
boundary of the Messinian salt basin, in the central Mediterranean Sea
(Abdel Aal et al., 2001). The onshore part of the delta is affected by sev-
eral East–West trending fault systems that extend into the other regions
(e.g. fields around Damietta branches in Nile delta) of Northeast Egypt
(e.g. Sestini, 1984; Moustafa et al., 1998; Hussein and Abd-Allah, 2001;
Abd-Allah, 2008). The Nile Delta is characterized by asymmetric fold, over-
thrust faults and salt diapers. It dates back to the Syrian Arc system
(Upper Cretaceous) which has an arcuate trend from northeast to south-
west through the northern part of the Nile Delta to the Western Desert of
Egypt (Abdel Aal et al., 2001).

3. Data and methods

Seismic and petrophysical data were integrated in order to calculate the
volume of original gas in place. The seismic data is comprised of five 2D
seismic lines (near and far offset data). The near offset data ranges from
zero to 15 degree, while the far offset data ranges from 30 to 45 degree. The
seismic sections were utilized to map and trace the top of El Wastani and
Kafr El Sheikh Formations in addition to other Pliocene levels.

In this study, 2D arbitrary seismic lines were extracted from a 3D cube.
The seismic data was tied to a key well (Well-1X) that includes multiple well
log curves namely: gamma ray, resistivity, density, neutron and sonic logs.
The surface attribute was extracted to show the geometry of the reservoir as
well as the potentiality of hydrocarbon, while the colour blending technique
has been applied in order to investigate the promising area. This has been
conducted by using Petrel software.
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3.1. Workflow

The work starts with investigating the petrophysical evaluation of well 1X.
Second, synthetic seismogram was generated in order to perform seismic
to well tie. Seismic interpretation followed. Third, a velocity model was
created to perform depth conversion. Fourth, surface attribute and colour
blending were utilized to highlight the promising area. Finally, the volume
of original gas in place was estimated.

3.2. Log interpretation and petrophysical analysis

Rock properties are the physical properties of rocks that influence the propa-
gation of seismic waves. They basically include compressional wave velocity,
shear wave velocity, density and their numerous derived attributes which in-
clude P-wave impedance, Poisson’s ratio, S-wave impedance, etc. (Dewar,
2001). The observed amplitudes on seismic data represent contrast or vari-
ation in these rock properties at the boundary between two geological or
geophysical interfaces, i.e., changes in lithology or fluid in the subsurface
(Brown, 1987). In this study, Well-1X has encountered several reservoir
rocks which were displayed and interpreted in the Petrel software (Fig. 3).

Water saturation is calculated by Archie equation (Archie, 1952):

Sn
w =

aRw

φmRt

, (1)

where Sw: water saturation (percentage), n: cementation exponent (unit-
less), a: tortuosity factor (usually one), φ: porosity(percentage), Rw: water
resistivity in Ohm.m, Rt: true resistivity in Ohm.m.

Gamma ray and resistivity logs helped in determining the three zones.
Archie equation was used to calculate petrophyscial parameters of these
three zones within reservoir (Table 1).

Table 1. Petrophysical paramters for three intervals in Pliocene reservoirs in the Well-1X
(Suez, 2014).

zones average effective porosity av. Sw net pay gross net/gross

A 29.5 48 2.1 16.8 0.125

B 30 36 8.8 12.2 0.72

C 29.6 38.9 12.8 18.9 0.67
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Fig 3. Petrophysical logs for Well-1X in zones A, B.

3.3. Clay volume analysis

The clay volume interpretation analysis is used to interactively calculate
volume curves from gamma ray. The interpretation problem in fine grained
formations is the calculation of porosity and saturation values free from the
shale effect because the shale effect depends on the shale content; the esti-
mation of the volume of shale content is of prime importance (Suez, 2014).

Qualitatively, the volume of shale content indicates whether the Forma-
tion can be considered clean or shaly. This determines the types of the
model or approach to be use in the interpretation. Quantitatively, the vol-
ume of shale content is used to estimate the shale effect on log responses and
to correct them to the clean Formation responses (Schlumberger, 1987). In
this study, the gamma ray log is used as the Single Clay Volume Indicator.
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Shale content can be calculated using the following equation (Schlumberg-
er, 1987):

Vsh =
GRlog −GRmin

GRmax −GRmin

, (2)

where Vsh is the shale content, GRlog is the gamma ray reading of the
analysed zone, GRmin is the minimum gamma ray reading in front of clean
sand, GRmax is the maximum gamma ray reading in front of a shale bed
(Schlumberger, 1987).

3.4. Cut-off and summations

The cut-off and summation help in defining the net reservoir and net pay.
The input data to assign the cut-off values include effective porosity, clay
volume and water saturation. These values are critical in calculating the
petrophysical parameters (Table 2), which will be consequently used to de-
termine the original gas in place.

Table 2. Cut-off values (Suez, 2014).

cut-off value

effective porosity (%) water saturation (%) volume of clay (%)

0.1 0.65 0.36

3.5. Seismic to well tie

The Well-1X was conducted as combined zero offset and walk above VSP
(vertical seismic profile). A vibrator was used as a static source and was
located 85m from the wellhead and explosives were used in a walk-above
survey to gather data at 130 levels from the deviated part of the well. Gen-
erally, each shot allowed for one level overlap to the previous shot (Suez,
2014).

The seismic wavelet is the link between seismic data (traces) on which
interpretations are based and the geology (reflection coefficients), and it
must be known to interpret the geology correctly. However, it is typically
unknown, and assumed to be both broad band and zero phases. Providing
this broad band, zero phase wavelet is the processing goal of deconvolution.
Unfortunately, this goal is rarely met and the typical wavelet that remains
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in fully processed seismic data is mixed-phase (Henry, 1997).
Deterministic wavelet was extracted from surface seismic and this ex-

traction was performed along well path deviation. The frequency ranges
from 25 Hz to 55 Hz. The reflection coefficient was generated by sonic and
density logs, in addition to the check shot. Finally, the synthetic seismo-
gram was formed and the correlation factor after adjustment is set to 0.73
(Fig. 4).

Fig. 4. Synthetic seismogram of Well-1X before and after shift.

3.6. Seismic interpretation

The seismic reflection data used in this study consists of five processed
seismic profiles covering the study area. Well-1X was tied to the seismic
grid. One of the main principles of seismic interpretation is to identify the
important seismic reflectors that represent lithological and stratigraphical
boundaries, in addition to identify the subsurface structures affecting these
reflectors (Van Wagoner et al., 1987). The resolution of the seismic vol-
ume in vertical and lateral directions varies from barely good to poor in
some sections based on the resolution it deteriorates with increasing depth.
Therefore, the vertical seismic profile was conducted, in order to accurately
identify the formation tops and generate depth structure maps of the picked
strata.

The important reflectors are picked on the basis of well markers as the
resolution of seismic is moderate and the picked reflectors should be tied
together around the grid of the seismic lines (looped process).
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El Wastani and Kafr El Sheikh reservoirs were mapped using near an-
gle stacks data since near data is closer to lithology while far offset data
are used to show fluid effect. The reservoir is represented by a channel
of Pliocene within El Wastani formation. This reservoir channel isn’t in-
fluenced by faults but it is sealed by a shale layer, while Kafr El Sheikh
Formation is affected by normal fault. This fault has N–S trend with great
throw reaching up to 175 meters. Two seismic lines were selected as an
example to delineate the Pliocene channel (Figs. 5, 6).

Fig. 5. Interpreted seismic section (S2) illustrates distribution and levelling of El Wastani
and Kafr El Sheikh Fms.

After the interpretation of seismic sections, a TWT map is generated for
the upper geobody, which belongs to El Wastani reservoir (Fig. 7).

3.7. Velocity modelling

Velocity modelling (Fig. 8) is generated to perform the conversion from time
maps to depth. Top model is generated as constant surface at zero seconds.
Velocity maps of El Wastani Fm. and Kafr El Sheikh Fm are generated and
controlled by the well data. Base model is generated as constant surface at
3 second to cover most of the data.
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Fig. 6. Interpreted seismic section (S4) illustrates distribution of El Wastani and Kafr El
Sheikh together with the distribution of Pliocene reservoir.

Fig. 7. Two-way time map of the upper Pliocene channel (reservoir).
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Fig. 8. Velocity modelling.

After examination of the velocity maps, we can conclude that there is no
large heterogenic velocity.

3.8. Depth structure map

The main formula of velocity (Newton, 1687):

Velocity =
Z

OWT
, (3)

where Z is the depth of a certain layer and OWT is one-way time of the
traveling wave.

So the depth-converted maps is generated by using velocity model and
time maps. Depth map is generated for the upper Pliocene levels (Fig. 9).

Geological cross section has been created to illustrate the geometry of the
Pliocene channel (Fig. 10). It is composed of sandstones sealed by a shale
formation. The charge enters the channel from the south and progrades
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Fig. 9. Depth converted map of the upper Pliocene reservoir channel.

Fig. 10. Geological cross section along the channel (a); map showing the direction of sec-
tion (b).

towards the north. Sealing is provided by a shale formation. The channel
thickness is ranging from 10 m to 18 m.
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3.9. Surface attributes map

The first use of amplitude information as hydrocarbon indicators was done
in the early 1970s when it was found that bright-spot amplitude anomalies
could be associated with hydrocarbon traps (Hammond, 1974). The sum
of negative amplitude was extracted as surface seismic attribute to indicate
the presence of gas. The hydrocarbon bearing zone is characterized by low
impedance and could successfully be indicated by using this attribute. This
attribute was extracted by using the top horizon of the Pliocene channel
with [–5, +5] millisecond window above and below the Pliocene horizon.
As it is illustrated (Fig. 11), there is an increase in the sum of negative
amplitude from near to far offset which points to presence of gas.

Fig. 11. Sum of negative amplitude at near (a) and far (b) offset.
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3.10. RGB colour blending

Colour always plays a key role in seismic attribute analysis. It is very
powerful tool, which is used to represent data and give interpreter visual
elaborations. Due to the development of hardware capabilities, 3D visual-
ization has become a core component of seismic interpretation workflows
(Cao et. al., 2015).

Standard Frequency Decomposition extracts band-limited versions of
the data and offers a much more sensitive method of analysing seismic
data than the full frequency amplitude response. It can provide informa-
tion about stratigraphic facies boundaries, structural and stratigraphic ge-
ometries, stratigraphic heterogeneity and bed thickness. When three fre-
quency magnitude responses are combined in a RGB (Red-Green-Blue)
colour blend, the relationships and interplay between the frequency re-
sponses can be investigated. Standard Frequency Decomposition and RGB
Blending workflow has many procedures (Henderson et al., 2007) as will be
discussed in detail below.

First, the spectral analysis has been performed to determine the band-
width and dominant frequency. Secondly, spectral decomposition for far off-
set data at three frequencies 12, 29, 46 Hz was done. These three frequencies
are selected from the frequency spectrum as the minimum and maximum.
Frequency represents the start and the end plateau of the spectrum. Finally,
applying colour blending for these three frequencies is performed.

The time slice at eight hundred and sixty milliseconds has been gener-
ated to illustrate the effect of colour blending in the Pliocene level (Fig. 12).

4. Results

4.1. The original gas in place (OGIIP)

The original gas in place has been calculated (Eq. (4)) by using many pa-
rameters like the area and thickness of reservoir, porosity, water saturation
and gas formation volume factor with using some parameters from Table 1.

G = 43560Ahφ
(1− Swi)

Bgi

, (Ahmed , 2010) (4)

where G = gas-in-place (scf), A = area of reservoir (acres), h = average
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Fig. 12. Time slice of colour blending at 860 ms (two-way time). This time slice represents
the blending of three frequencies and the dominant frequency is represented by the green
colour, this is why the green colour is most pronounced than the others.

reservoir thickness (ft), φ = porosity, Swi = water saturation, and Bgi =
gas formation volume factor (ft3/scf, standard cubic feet).

Gas formation volume factor Bg (Eq. (5)) is defined as the actual volume
occupied by n moles of gas at a specified pressure and temperature, divided
by the volume occupied by the same amount of gas at standard conditions.
Applying the real gas equation-of-state to both conditions gives:

Bg = 0.02827
Z T

P
, (Ahmed , 2010) (5)

where Bg = gas formation volume factor (ft3/scf), Z = gas compressibility
factor, T = temperature (◦R), P = specified pressure (Psi).

By applying the previous equation with the following parameters as
recorded from the well (Table 3) the value of gas formation volume fac-
tor takes the value 0.004532 ft3/scf.

Table 3. The parameters for calculating gas formation volume factor.

Z temperature (◦R) P (PSI)

0.998 655 4079

Three cases have been estimated to shows the maximum case (P90) and
the minimum case (P10) and the most probable case (P50) from the three
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zones in Well-1X (Table 4).

Table 4. Different petrophysical parameters for calculating original gas in place in three
different cases.

probability av. porosity (%) av. saturation (%) net/gross

P10 29.5 48 0.125

P50 29.6 39 0.67

P90 30 36 0.72

After using the previous parameters (Table 4) and substituting Eq. (5)
in Eq. (4), original gas in place (Bscf – billion standard cubic feet) has been
calculated in three scenarios (Table 5).

Table 5. Original gas in place with three scenarios.

probability P10 P50 P90

original gas in place (Bscf) 13.2 20.7 24.8

The parameters have been ordered to determine three different cases:

1. The minimum case (P10) is 13.2 Bscf;

2. The most probable case (P50) is 20.7 Bscf;

3. The maximum case (P90) is 24.8 Bscf.

The previous promising reserve supports drilling of a new well that could
add to hydrocarbon potential for the study area.

The channel thickness is ranging from 12 m to 16 m after delineating
upper and lower reservoir. OGIIP is estimated by 20.7 Bscf, which is the
most probable case and should be considered for exploration.

Seismic grid was tied withWell-1X well and several reflectors were mapped.
Two Way Time and depth maps were generated, in order to investigate the
extension of each level. The Pliocene channel has been detected from near
and far offset seismic data, as there is the increasing amplitude from near
to far data (Fig. 11).

Attribute maps were generated from near and far data sets which showed
that the amplitude increased from near to far offset data. RGB could suc-
cessfully determine the geometry and extension of the Pliocene channel after
analysing the amplitude spectrum. The bright green area illustrates the dis-
tribution of the channel (Fig. 12).
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5. Discussion

Another two studies are performed inWest Al-Khilala (Leila and Moscariello,
2018) and North West Al-Khilala Field (Fattah et al., 2022) (Onshore Nile
Delta), which are close to the study area.

The first study (Leila and Moscariello, 2018) presents an investigation
for the differential impacts of the depositional and petrophysical attributes
on the hydrocarbon volumes trapped in the Messinian reservoirs. Analyses
of the pressure data and pressure gradients revealed hydraulically-connected
and homogeneous Messinian reservoir rocks. The amounts of Stock Tank
Oil and Gas Initially in Places are typically controlled by the depositional
primary attributes (matrix content and grain size) which induce several
reservoir heterogeneities. The volume of gas is increasing with the growing
channel width. This is likely due to increasing reservoir connectivity with
growing the channel width (Leila and Moscariello, 2018).

The main objective of the second study (Fattah et al., 2022) is to de-
termine the characteristics of the late Messinian Abu Madi reservoir in the
North West Al-Khilala field and study the depletion of the Lower Abu Madi
sand interval. This study confirms that there is a production from Abu Madi
Formation but there is the depletion due to connection with West Al-Khilala
field.

The main difference between the studies and the current study is the
focus on shallow reservoir while the above mentioned studies focus on the
deep reservoir. Finally, this study and the archive studies agree that the
Nile delta is one of the most important and prolific petroleum provinces in
Egypt with high hydrocarbon reserve in both shallow and deep reservoirs.

6. Conclusion

Integration of the petrophysical analysis, seismic interpretation and seis-
mic attributes successfully determined the properties and geometry of a
Pliocene reservoir channel, located in Disouq Concession (Onshore Nile
Delta, Egypt). The petrophysical analysis of Well-1X confirmed the pres-
ence of gas and showed that the reservoir consists of three zones: A, B, and
C. These zones are characterized by low gamma ray values (around 35%),
with relatively high porosity (around 29%) and low water saturation (36–

81



Hesham A. et al.: Integrating seismic attributes and rock physics . . . (65–84)

48%). The reflection seismic grid was tied with the given well. Seismic data
are utilized for structural and stratigraphic interpretation. Several horizons
are mapped and time as well as depth maps are generated. They showed
that the study area is affected by normal fault. The charge enters the chan-
nel from the south and the interval is sealed by a shale formation. When
comparing the near and far datasets, there was an increase of the negative
amplitude from near to far offset data. Spectral decomposition and RGB for
far offset data at three frequencies 12, 29, 46 Hz, show the geometry of the
channel. The study area is of great economic interest, since it is considered
to be a gas prospect with estimated OGIIP around 1.13 km3 (in the most
probable case). A new well is recommended in the Southern area of the gas
channel, which is characterized by low acoustic impedance and four-way dip
closure.
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