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KEY WORD/S/ ABSTRACT

Nile Delt Basin: The study area is located approximately 120km NE of
' Alexandria, which lies offshore in the deep water (250-1500m) of the

El-Wastani Nile Delta and bordered between latitudes 32° 16" & 32° 06'N and

Formation: longitudes 30° 44" & 30° 56°E. Simian element is one of the major

channel systems that make up the Mid- Pliocene submarine channel
Petrophysical complex as mapped in the West Delta Deep marine concession. The
Interpretation: materials used in this study include collection and description of the

complete log sets from four wells in the study area, including the
conventional logs; Gamma Ray (GR), Caliper, Deep and Shallow
Laterolog resistivities (LLD, LLS), Micro-Spherically Focused log
(MSFL), and porosity tools (Density, Neutron, and Sonic), also the
advanced logs; Formation Micro Image (FMI), Combinable
Magnetic Resonance (CMR), and Modular Dynamic Tester (MDT).
The petrophysical interpretation showed that the effective porosity
ranges from 21% to 25% and the water saturation ranges from 29%
to 40%, and the volume of shale is from 16% to 29%. Generally, the
distribution of the petrophysical parameters increase from the core of
the channel toward its levee along the channel axis of the study area.
The optimum location for the proposed wells is the southeastern parts
of the field, where the lower shale volume and net to gross, and the
higher porosity and hydrocarbon saturation values are of the
combination of structural amplitude map and petrophysical maps the
best drilling for future consideration helped to locate new locations.
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1. Introduction

The Simian field is located at the
northwestern margin of the Nile Delta,
approximately 120 km  offshore of
Alexandria. The field lies in the West Delta
Deep Marine Concession (Fig. 1). It lies at
the cross of Lat 32° 10” 48.085” N and long
30° 49’ 21.733” E. Simian element is one
of the major channel systems that make up
the  Mid-Pliocene submarine  channel
complex mapped in the West Delta Deep
Marine Concession area (Beshry, 2014).

El Wastani Formation consists of
thick sand beds interbedded with thin clay
levels which become thinner toward the top
of the formation. The depositional
environment of this formation is transitional
between the shelf facies of Kafr El Sheikh
Formation and coastal or shallow marine to
fluvio-marine sands of the overlying Mit
Ghamr Formation (Shehab, 2018). This

formation was deposited during the late
Pliocene time, in which the sea regression
started to close the sedimentation cycle of
the Pliocene, which began by the sea
transgression of the Abu Madi Formation.
The type of section is at EI Wastani-1 well
with thickness (394 ft).

4 wells in Simian field are chosen for
this study. These are Simian-1, 2 (Dj), 3
(Dh), and Dp) (Fig.1). The first was
Simian-1, which proved a good quality
channel facies in the upper slope Simian
channel, and penetrated the base channel
filled with gravel (British Gas (BG), 1999).

Simian channel lies at the base of the
El Wastani Formation, at a similar level to
the many slope channels laying in the same
play in the offshore Nile Delta area (Beshry,
2014).

+  WDDM is approximately 90 km from shore
. Producing 2ones are typically 1700m to 2800m below water

level (TVD)
¢ The resarvoirs are typically unconsolidated channe! sands of
the Phocene era with Claystone interbeds.

Fig. 1: Satellite view of Nile Delta contain Simian Field and location of wells chosen for this Study
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Fig. 2. Generalized lithostratigraphic column of the Simian Field

2. Formation Evaluation Methodology

A comprehensive analytical formation
evaluation system is established to interpret
the basic and advanced logging data for the
deduction of the petrophysical parameters
of the analysed units based on a number of
equations and empirical relations, as well as
charts using Techlog program.

2.1. Conventional Formation Evaluation
Technique

A) Clay content from conventional tools:
The volume of shale is calculated from
gamma ray (Schlumberger, 2004) as
follow:

GR—GRmin

Vsh = R max—ckmm (L) Schlumberger, 2004

Where:

GR: is the gamma ray reading

GR min: is the gamma ray of clean sand
GR max: is the gamma ray of clay

B) Porosity from conventional tools:

The porosity is calculated from the density
and neutron method using the following
equation (Wyllie, 1963):

dr_.d __ pmat-ph-Vzh«(pmat—psh)
- pmat—pfluid

...(2) Wyllie, 1963
ONC = (¢N - dNsh Vsh) .....(3) Dewan, 1983




Combining data from the neutron and density
logs. Porosities can be calculated through the
following equations (Schlumberger, 1987):
®= (®D+ ®N)/2...(4) Schlumberger, 1987

C) Water saturation is estimated using
Indonesia equation as follow:

a) Indonesia equation for invaded zones:

(Vsh(i_(%h),) ) ( 47 )]
’ 1 + 1
Rsh2 (a Rw)2

................ (5) Schlumberger, 1972

b) Indonesia equation for noninvaded zones
(Schlumberger, 1972):

Vshy )
Vsh( " (T\]) + ¢%
Rsh% (a Rmf)%

............. (6) Schlumberger, 1972

1 n
7= (Sxo ); *
(Rxo0 )2

2.2 Advanced
Technique

Formation Evaluation

A) Corrected Total Porosity from CMR is
applied using the following equation:

Foay L f
W+ [zampas

HIF !

TCMAY
HIF

| ppaze1 —(m1ce

PGAS1 ==

+24MDA |

r FEAY
—|Higs |
lel__l (H1Ee =)

............ (7) Rashpetco/BG (2005)

DMRP=IF ((DPHZ<TCMR), TCMR, PGAS1)
....... (8) Rashpetco/BG 2005

B) Corrected Effective Porosity from CMR

The Corrected effective porosity from the
CMR is calculated from the following
relation:

CMRP_3MS= DMRP - CBF2
.................. (9) Rashpetco/BG (2005)
C) Volume of Clay (VCL) by using the CBF2

The volume of shale Vsh can be calculated
from the CBF2 as from the following relation:

El-Kadi et al., (2022)

CEF1

Vsh =Gma ... (10) Rashpetco/BG (2005)

D) Effective Water Saturation (SWE)

The effective water saturation can be
calculated by dividing the capillary water by
the effective porosity from CMR as from the
following relation:

.......(11) Rashpetco/BG (2005)

cw

SWE =

CMAPzps

E) Permeability Calculation from CMR
(KTIM)

KTIM is permeability estimated from the
Timur-Coates model, units are mD, as from
the following two relations:

PERMA =10 » ((CMRPE:.:s:t:l » (WF]‘]

oW

...................... (12) Coates et al., (1999)

KTIM=IF ((DPHZ <TCMR), KTIM, PERMA)
............................... (13) Timur (1968)

F) Permeability Calculation using SDR model

The SDR model works very well in water-
saturated zones, in the presence of oil or oil
filtrates as follow

KSDR = 4 x DMRP* x T2LM?
................................. (14)Kenyon (1997)

KSDR is the permeability estimated from the
SDR model and KTIM is the permeability
estimated from the Timur—Coates model 1999,
their units are millidarcy.

where:

&p : Is the Porosity derived from Density
@y . is the Porosity from Neutron

@ : is the Porosity from Sonic

Des. IS the Effective Porosity
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&T . is the Total Porosity
Vsh: is the shale Volume
pmat: IS the Matrix Density
Atmat: IS the Matrix sonic
pfl: is the Fluid Density
atfi: is the Fluid Sonic
RT: is the True Resistivity of the formation.
n : is the Saturation Exponent
a . is the Tortuosity Factor
m: is the Cementation Factor
F : is the Formation Resistivity factor
Rw: is the Water Resistivity, Ohm-m.
HIG: is the Hydrogen Index of Gas
HIF: is the Hydrogen Index of Fluid
PGA: is the Polarization of Gas
DPOR: is the Porosity from Density
DMREP: is the CMR Corrected Total Porosity
CMRP_3MS: is the CMR Corrected Effective
Porosity
CW: is the Capillary Water Volume
SWI: is the Irreducible Water Saturation
SWE: is the Effective Water Saturation
CMFF: is the Gas Corrected Free Fluid Index
Vsh: is the shale Volume from CMR
KTIM: is the CMR Permeability Corrected to
Gas Effect
3. Results
This study deals with the combination of
the basic tools (gamma-ray, density, neutron,
and resistivity), and the advanced tools
(formation micro image, combinable magnetic
resonance, modular dynamic tester and sonic).

Basic tools detect conventional reservoirs in
good way, but they cannot detect the

unconventional reservoirs, that are sometimes
under resolution.

Advanced tools detect both the
conventional and unconventional reservoirs.
These tools have a very high vertical
resolution that reaches one centimeter for the
Formation Micro Image (FMI).

3.1. Comparison between Conventional and
Advanced Models

The litho-saturation plot illustrates the
raw log data in a number of tracks. From left
to right, the GR with the caliper log readings
and bit size, then the depth track, the next
track displays the names of the examined
formations, the next tracks are the resistivity
log including shallow, medium and deep
resistivity, Neutron and Density with fill area
as a sand indicator, then two tracks for the
CMR data, one for the log amplitude, and
second for the fluid volumes. The next track is
the Formation Micro Image (FMI) as static
and dynamic images, then two tracks to show
the permeability from the KTIM and KSDR
models, next to that is the sonic data,
including the compressional and stoneley
slowness. The last two tracks are the
calculated net reservoir and the net-pay, from
the conventional and advanced methods.

The following are the detailed
presentations of the selected cross plots
constructed for the evaluated rock units, from
Simian-1, Simian-2 Simian-3 and Simian-Dp
wells (Figs. 3, 4, 5 and 6).

3.1.1. Petrophysical Analysis of the Simian
Channel in Simian-1 Well

Simian-1 well is located on the southern
part of the study area in proximal part of the
Simian channel (Fig. 1). A litho-saturation
plot and data logs are displayed for the
interval from 2088.5 to 2198 m. This well was



logged by complete sets of tools down to the
total depth of 2265m.

Simian channel in this well has a gross
thickness of 78.4m. Top channel is
encountered through the depths range from
2088 to 2166.4 m. The litho-saturation plot
shows that Simian channel consists of
sandstone and shale intercalated with silt (Fig.
3).

3.1.2. Petrophysical Analysis of the Simian
Channel in Simian-3 Well

Simian-3 well is located in the central
part of the study area (Fig. 1). Litho-saturation
plot and data logs are displayed for the
interval 2065.5m to 2223 m. This well
constitutes top Simian channel. This well was
logged by a complete set of tools down to a
total depth of 2310m. The gross thickness in
Simian-3 well is 108 m. The litho-saturation
plot (Fig. 5) shows that, the Simian channel
consists of sandstone and shale, intercalated
with silt.

3.1.3. Petrophysical Analysis of the Simian
Channel in Simian-2 and Dp Wells

The Simian-2 and Simian-Dp wells are
located at the northern part of the study area,
in the distal area of the Simian channel (Fig.
1). Litho-saturation plots and data logs display
the intervals from 2103.5 to 2236.5 m and
2146 to 2350 m, respectively, and constitute
the top channel. These wells were logged by
complete sets of tools down to a total depth of
2236.5 m and 2350 m, respectively.

The Simian channel in these wells
(Simian-2 and Simian-Dp) has a gross
thickness of 99 m and 127 m, respectively.
The top channel is encountered through the
depth ranges from 2103.5m to 2202.5m and
from 2146 m to 2273 m, respectively. The
litho-saturation plots (Figs. 4 and 6) shows

El-Kadi et al., (2022)

that Simian channel consists of sandstones,
intercalated with shale.

The average petrophysical parameters of
conventional and advanced results used in this
study include volume of shale, total porosity,
effective porosity and fluid saturation (water
saturation and hydrocarbon saturation) are
tabulated in the following tables (1 and 2).
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Table 1: Calculated Petrophysical Parameters Using Conventional Model

Shale Effective Hydrocarbon
Well Thickness (m) | Net Pay (m) i Y ; Hydrocarbon 3P ore
Volume% porosity%o Saturation% volume (m>)
Simian-1 78.4 45.6 16 22 67 6.72
Simian-2 99.5 22 27 21 66 3.1
Simian-3 157.5 59.7 19 24 68 9.75
Simian-Dp 127 43 21 22 71 5.99
Table 2: Calculated Petrophysical Parameters Using Advanced Model
o Thickness Net Pay Shale Effective Hydrocarbon Hydrocarbon Pore
e
(m) (m) Volume% | porosity% Saturation% volume (m®)
Simian-1 78.4 53.5 18 24 65 8.35
Simian-2 99.5 31.2 31 23 62 4.42
Simian-3 157.5 72 21 25 65 11.71
Simian-Dp 127 48.3 29 24 60 6.22
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3.2. Reservoir Characterization (Simian
Channel)

A) Histogram Charts for the
Petrophysical Parameters

A histogram is the most used graph, to
show the petrophysical parameters
distributions. A property distribution shows
how often each different value, in a set of data,
occurs.  Individual histograms of the
equivalent petrophysical parameters calculated
by conventional petrophysical model in each
well were then compared to the advanced
petrophysical histograms to determine the
normalization shift. In general, a comparison
of the conventional and the advanced
calculated effective porosity, water saturation
and volume of shale for the Simian channel
showed a slight difference in the shape.
Histogram bars refer to left axis (frequency)
and cumulative frequency line (cumulative)
refers to the right axis. (Fig. 7).

a. Effective Porosity Histogram

The average effective porosity (Fig. 7a)
determined from the conventional model is
18% and the range is from 0 to 40%. The
advanced petrophysical model is showing 20%
average effective porosity with the range from
5 % to 35%.

El-Kadi et al., (2022)

b. Water Saturation Histogram

The calculated water saturation using the
conventional petrophysical model ranged from
7% to 100%, with an average of 46% (Fig. 7b).
Higher average water saturation 58% is
observed from the advanced petrophysical
read with the range from 6.5% to 100%.

c. Volume of Shale Histogram

The average volume of shale calculated
using the conventional petrophysical model is
22%. The average shale volume has increased
to 26% in the advanced petrophysical model.
This is illustrated by the well shown in (Fig.
7c).
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B) Distribution Maps for the Petrophysical
Parameters

a. Net-Pay Distribution Map

The net-pay thickness distribution map
of the Simian Channel (Fig. 8a) shows a
considerable reservoir thickness, which is
concentrated in the core of the channel,
decreasing towards the edge, of the channel
along its axis with a maximum recorded value
of 60m by the conventional tools and 72m by
the advanced methods of Simian-3 well. The
thickness decreases gradually from central to
both sides of the channel, recording the
minimum  reservoir  thickness of 22m
(conventional) and 31m (advanced) at Simian-
2 well.

b. Effective Porosity Distribution Map

The effective porosity distribution map
of Simian Channel shows a very small
variation in the porosity values (Fig. 8b), from
a minimum value (21 %) at Simian-2 well to a
maximum value (25 %) at Simian-3 well. This
map shows an increase in the -effective
porosity at the core of the channel and to
decrease along its axis of the channel.

c. Volume of Shale Distribution Map

The volume of shale (Fig. 8c) shows
variation in the shale content from a minimum
value of (16 %) in Simian-1 well to a
maximum value of (31 %) in Simian-2 well.
Generally, the shale content distribution
increases from core of the channel towards the
channel axis.

El-Kadi et al., (2022)

d. Water Saturation Distribution Map

The water saturation map of Simian
Channel (Fig. 8d) shows variation in values,
where minimum value of (29 %) of Simian-Dp
well to a maximum of (38 %) of Simian-2 well.
Generally, the water saturation distribution
increases from the core of the channel toward
the east of its edge along the axis.

e. Hydrocarbon Pore Volume Distribution
Map

The Hydrocarbon Pore Volume (HCP-
V) map of (Fig. 8e) shows variation in the
values, with the minimum value of (3.1 m) in
Simian-2 well to a maximum value of (11.7
m) at Simian-3 well. Generally, the
hydrocarbon  pore  volume  (HCP-V)
distribution decreases from the core of the
channel towards the east of the edge of the
channel along its axis.
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Fig. 8: Contour maps showing a comparison between conventional and advanced Net Pay (m), Effective Porosity (%),
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Conclusions

By making a combination of all the basic and
advanced logging tools, the thin bedded
sandstone reservoirs could be clearly detected and
helped in adding new reserves to Simian Field
that didn’t appear before. This is through the
detection of the amount of sands intercalated with
shales and their hydrocarbon saturations. This
new sand discovering increase the lifetime of
production and to build understanding of the
setting of Simian Field.

The results showed clean sandstone reservoirs
and thin bedded sandstone through the use of
advanced tools, which generally vyielded an
increase in the petrophysical parameters. The
optimum location for the suggested new well is at
the southeastern part of the field, which gave the
best petrophysical parameters. It has high
porosity, hydrocarbon saturation and net to gross
thickness, in addition to low shale volume.
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