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ABSTRACT

In the present study, core analysis data in Belayim land oil field had been used to evaluate
the characteristics of clastics of Belayim Formation. Special core analysis of 116 core samples of
Belayim clastics in well BELL BAY#4 (BB#4) was done by corex services and studied in the form
of formation resistivity (formation resistivity factor, formation resistivity index), capillary
pressure tests and pore size distribution.

Well logging data of 5 wells (113-26, 112-46, BELL BAY # 4, 112-82, 113-81) were used
to evaluate the reservoir parameters. This study was done utilizing different types of open-hole
well logs; for the determination of the included petrophysical parameters. Several methods were
used to determine the shale content depending on the available logs, where the shale volume is
important for the correction of the porosity and water saturation values from the effect of
shaliness. The porosities were determined using the available porosity tools such as sonic, density
and neutron. These porosities were corrected for the effect of shaliness, and then were
discriminated into total and effective porosities. The water saturation models were chosen
according to the prevailed shale model .For the clean rocks, Archie's formula was used to
calculate the water saturation, while Simandoux equation was used for the shaly formation .These
reservoir parameters of Belayim clastics are mapped to show the aerial distribution of these
parameters. Interpretation of these maps showed that the best locations of hydrocarbon
accumulation in Belayim land oil field are at northwest direction and in the middle part of the
area. The petrophysical results were presented in the form of petrophysical data logs for the
studied wells, exhibiting the vertical variation of these parameters, zone-wise.

Keywords: Belayim, Sinai, Reservoir characteristics

1. INTRODUCTION

Belayim land oil field lies on the eastern side of the Gulf of Suez, one hundred
and sixty five kilometers southeast of the Suez City (Fig. 1). Belayim Formation was
deposited in NW-SE trending low areas. It is not deposited at the extreme northern part of
the gulf (Meshref et al., 1988). It represents the beginning of the main Miocene evaporitic
cycle. It ranges in thickness from 53 m to 427 m and was deposited in a lagoonal to
shallow marine setting. It is subdivided into four members from base to top; Baba, Sidri,
Feiran and Hammam Faraun. (1) Baba Member: It comprises mainly of anhydrite with
subordinates shale. (2) Sidri Member: It consists mainly of shale with thin streaks of
limestone and/or sandstone. (3) Feiran Member: It is mainly composed of halite with
anhydrite and thin shale interbeds. The thickness of this member ranges between 27 m
and 174 m. Generally, it increases in thickness southward due to salt withdrawal. (4)
Hammam Faraun Member: It consists of shale with sand and/or limestone or dolomite
interbeds. The sand ratio increases toward the basinal margins. It ranges in thickness from
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Fig. (1): Location map of study area in Belayim Land Oil Field, Gulf of Suez, Egypt.

6 m to 152 m. The litho-stratigraphic sequence in the study area ranges from Precambrian
to Recent. It could be classified into two megasequences: pre-rift and syn-rift (Fig. 2). The
stratigraphic time and rock units, determined by examinations of outcrop sections,
subsurface cores, electric logs as well as microfaunal studies from ditch samples and thin
sections, were described by Sadek (1959), EGPC Stratigraphic Committee (1964),
Webster (1982), Sellwood and Netherwood (1984), Salah (1989), Ayad and Stuart (1990),
Gawthorpe and Hurst (1993), Bosworth and Mc Clay (2001) and Abd EI-Naby et al
(2009) and others.
2. METHODOLOGY

The core samples were taken from two zones (zone 1A and zone 1V) and cleaned
using the cold solvent extraction soxhlets. Chloroform was used to remove any residual
hydrocarbons. Methanol was used to remove water and residual salts. Chemical and visual
checks were made to ensure that all contaminants had been removed prior to special core
analysis testing. On completing of the cleaning, the samples were placed in a humidity
oven at 60 C° and 40% relative humidity. The samples were dried until their weights were
constant. They were removed from the oven, placed in a desiccators partially filled with
silica gel and allowed to cool to ambient temperature. When the samples were in thermal
equilibrium the base parameters of gas permeability, porosity and grain density were
measured under a confining pressure of 400 psig. The brine used throughout this study
has a TDS of 237 g/ltr for zone I1A, and 295 g/Itr for zone 1V.

The available well logging data of 5 wells (113-26, 112-46, BELL BAY#4, 112-82,
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Fig. (2): Generalized Litho-Stratigraphy of the Gulf of Suez (after Barakat, 1982).

113-81) are digitized using scanner and Grapher 7 program. After digitizing all logs, the
data processing of well logs is performed on all well logs including data base editing and
data correction. Data base editing means confirming the digitized well log data with the
original curves to be identical. Flagging the missing and bad data and reconstruct it. Depth
alignment of all logs is done in the same well. Environmental corrections were applied for
the gamma ray, density, neutron and resistivity logs in the studied wells. The corrected
data of well logs were used to evaluate the reservoir parameters of Belayim Formation
using LOGWIZARD software. The reservoir parameters include gross thickness, net pay
thickness, total porosity, effective porosity, shale volume, water saturation, bulk pore
volume and oil in place indicator. The bulk pore volume (PHIH) can be calculated using
the equation PHIH = (PHI* integrated net pay) while the oil in place indicator (HPVH) is
calculated using these equation HPVH = (integrated PHIH * (1-Sw)). On the other hand,
the net pay thickness is calculated using 10% or more for effective porosity, 35% or less
for shale volume and 50% or less for water saturation.

3. RESULT AND DISCUSSION
A) CORE ANALYSIS

1. Special core analysis
1.1 Relationship between porosity and formation resistivity factor

The general equation relating formation factor with porosity is given below:
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F=ag¢™"
Where; a = Tortuosity & m = Cementation factor.

The current conductance represented by the fractional porosity (Calhoun, 1960).
The relationship of the Belayim samples porosity versus formation factor at different
conditions (at room condition and at overburden pressure of 6100 psig) have been
illustrated in Figure 3 (a & b) respectively.

1.2 Relationship between resistivity index and water saturation
The interpretation of these logs is based on two empirical equations given by
Archie (1942). They are as follows:

[=2-_1 & =20 - L
Ry Swnm Rw ¢
Where: | = Resistivity Index, R; = Rock resistivity at partial Brine Saturation, n =

Saturation Exponent, Ro = Rock resistivity at 100% Brine Saturation, F = Formation
Factor, Ry,=Brine Resistivity, m = Cementation factor.
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Fig. (3): Relationship between porosity and formation resistivity factor for Belayim Formation in BB#4 well,

Belayim land oil field, Gulf of Suez, Egypt.

These equations were originally proposed for clean sands but were subsequently
used by many authors to account for the presence of conductive clays (e.g. Shaly sands).
The general equation which represent the relationship between resistivity index (I) and
water saturation (Sy): (I = ¢ Sy ") is used. Figure (4) represents the relationship between
resistivity index () and water saturation (S,) of Belayim samples which is negative
relationship with high correlation coefficient (R = -0.97) and regression equation (I = 0.96
Sw2%). The constant(c = 0.96) and the saturation exponent (n = 2.05) of Belayim samples
reflect the water wet phenomenon. The different reservoir parameters as tortuosity (a),
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Fig. (4): Relationship between water saturation and resistivity index for Belayim Formation samples in
BB#4 well, Belayim land oil field, Gulf of Suez, Egypt.
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cementation factor (m), saturation exponent (n) and constant(c) obtained from the special
core analysis had been used in the well log analysis.
1.3 Capillary pressure derived parameters relationships

The irreducible water saturation (Swiy) and the displacement pressure (Pc;) for
Belayim Formation had been obtained by using the relationship between capillary
pressure and brine water saturation for 16 samples (Fig. 5). The irreducible water
saturation is measured as the value on water saturation axis intersected by the tangent of
capillary curve parallel to capillary pressure axis (El- Sayed, 1995). The effective porosity
(desr) can be calculated using this equation:

(¢ef‘f = ¢t (1_ SWirr ))

The mercury recovery efficiency (Re) is calculated by the (Hutcheon and

Oldershaw, 1985) using this equation: Re = o = Somn) x100
Shouxiang, et al (1991) said that the hydraulic radius (ry) can be calculated using
this equation: (h)m _h
¢ A5

The average pores radius r, can be calculated using this equation:

r, =J/(8k/§)

On the other hand, the packing pore site R can be calculated from this equation:
Ry 30-9)
—'h

The irreducible water saturation relates negatively with average packing radius,
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Fig. (5): Capillary pressure and the brine water saturation relationship of Belayim Formation samples in
BB#4 well of Belayim land oil field, Gulf of Suez, Egypt.

pore radius, recovery efficiency, permeability, total porosity and hydraulic radius with
correlation coefficient ranging from -0.61 to -0.82 (Fig. 6). The relationship between
effective porosity and each of recovery efficiency, average pore radius, packing and
hydraulic radius are represented by positive trends Figure. 7 (a, b, ¢ & d) with correlation
coefficient ranging from R = 0.36 to R = 0.79. Direct relationships between recovery
efficiency and each of hydraulic radius, average pore radius and packing radius are
presented in Figure 8 (a, b& c) with correlation coefficients equal0.58, 0.58and 0.41
respectively. Packing radius correlate with each of the hydraulic radius and average pore
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Fig. (6): Relationship between irreducible water saturation and different capillary pressure derived parameters of

Belayim Formation in BB#4 well of Belayim land oil field, Gulf of Suez, Egypt.
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Fig. (7): Relationship between effective porosity and different capillary pressure derived parameters of

Belayim Formation samples in BB#4 well of Belayim land oil field, Gulf of Suez, Egypt.

radiuses in Figure 8(d & e) with correlation coefficient 0.90 for each of them .The linear
regression equations correlation coefficients of all relations are shown on the figures.
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(e)

1.4 Pore size distribution-Pore throat radius relationship

The Pore size distribution is an important parameter for analysis of many fluids
transport properties of porous media, (Obeida, 1988). Pore size distribution for 6 samples
were measured at different pore throat radius values about (33 value) they are ranging
(0.053fIm) to (106.662 flm). The mean pore throats for the six samples range from 2 flm
to 40 flm (Fig. 9).

B) Well log analysis
1. Input Data and Interpreted Results

The redrawing of the raw and result data gives true picture of the vertical
distribution of the lithology and its conclusion and their physical effect on the different
logs .This were drawn by using the Microsoft excel and surfer programs to collect all data
in one figure for every well and plotting lithology versus the depth of well for Belayim
Formation. The input data and the output results were drawn in one figure for every well.
The input data contains (gamma ray, density, neutron, deep resistivity, shallow resistivity,
sonic logs and the lithology). The results of the input data analysis contain (shale volume,
total porosity, effective porosity, water saturation, hydrocarbon saturation). Belayim
Formation in 113-26 well can be divided into three rock units according to the main
lithologies which are sandstone, shale and salt zones. The effective porosity in the
sandstone zones reach to about 24 % and the shale volume is less than 20 % of the total
rock. The hydrocarbon saturation ranges from 40 % to 80 %. This indicates that Belayim
Formation in this well is good reservoir in the sandstone zones. On the other hand, clay of
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Fig. (9): Pore size distribution-Pore throat radius relationship for 6 samples of Belayim Formation in BB#4 well of
Belayim land oil field, Gulf of Suez, Egypt

Belayim Formation is considered as a source rock because it has shale volume of about
50% in average and good amount of hydrocarbon saturation (Fig. 10). Figure (11)
illustrates that, the lithology of Belayim Formation is mainly clay and anhydrite in 112-46
well; the shale volume is ranging from 5 to 55 % of the total rock. Although the total
porosity percent is less than 25 % in average and the effective porosity is less than 15 %
in average due to the high percent of shale volume and anhydrite. It must be notice that,
while the Belayim Formation has low saturation of water and huge amount of
hydrocarbon it consider a source rock not reservoir according to high shale and anhydrite
percent and small effective porosity.

The lithology of Belayim Formation in BB#4 well as it illustrated in Figure (12) is
divided into four zones as clay, sandstone, anhydrite and salt according to the shale
volume percent. In sandstone zone the volume of shale reach in average to about 35 %,
while the effective porosity records in average about 15 % from the total rock percent.
This indicate that, the sandstone of Belayim Formation in this well consider a good
reservoir. On the other hand, the clay of Belayim considers a source rock because it has a
huge shale volume and good amount of hydrocarbon saturation. The results of well log
analysis in 112- 82 well illustrate that, the lithology of Belayim Formation composed
mainly of anhydrite and clay and some streaks of sand , the little difference between the
total porosity values and effective porosity values ensuring the high volume of shale and
anhydrite.
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The water saturation percent in this Formation is very low while the saturation
percent is very high with high volume of shale. This indicates that, this Formation is
hydrocarbon source as it is illustrated from (Fig. 13). The lithology of Belayim Formation
in 113-81 well is illustrated in Figure (14). It can be divided to four rock units as clay,
sandstone, anhydrite and salt. The shale volume records in average about 80 % in the clay
rocks while, it reach about 17 % in average in the sandstone rocks. The effective porosity
reach about 7 % in the clay zone while it record about 22 % in the sandstone, thus it can
be say that, the clay of Belayim Formation consider a source rock while the Belayim
sandstone consider a very good reservoir. It has a high hydrocarbon percent of the fluid
content.

2. Reservoir mapping

Well log furnish the data necessary for quantitative evaluation of hydrocarbon.
Modern logs provide valuable information on both rock and fluid properties of the
penetrated formation, and its costs account for only about 2% to 5% of completed well
costs, so it is false economy to cut corners in this phase (Desbrandes, 1968 and Dewan,
1983). The results of well log analysis are contoured for constructing eight iso-parametric
maps to illustrate the lateral distribution of these petrophysical parameters (Figs.15&16).
The total growth thickness, net-pay thickness, total porosity, effective porosity, shale
content, water saturation, bulk pore volume, hydrocarbon indicator maps had been
interpreted .

The total growth thickness increases in the southwest, northwest and west
directions, and decreases toward the East. The maximum thickness is 362m in well 112-
82, and the minimum thickness is 171 m in 112- 46 well (Fig. 15a). The net-pay thickness
(Fig.15b) increases toward the west and decreases gradually toward the southeast, south,
northeast and north direction. The minimum net-pay thickness (26 m) is recorded at
BELL bay#4 well, while the maximum net-pay thickness (166 m) occurs at 113-81 well.
The total porosity (Fig.15c) increases in the northwest direction, and decreases toward the
northeast and south directions. The maximum value is 25% in 113-81, and the minimum
value is 14% at BELLbay#4 well. The effective porosity (Fig.15d) increases in the
northwest direction, and decreases toward the east, northeast and south directions. The
maximum value is 23% in 113-81, and the minimum value is 12% at BELLbay#4 well.
The shale content (Fig.16a) increases toward the northwest and south, decreases toward
the east, northeast and the middle of the area .the maximum value is 81% at 112-82, and
the minimum value is 18% in 112-46 well.

The water saturation (Fig.16b) increases toward southeast and decreases toward the
north, northeast and southwest, the maximum value is 19% at 113-26, and the minimum
value is 2% at 113-81 well. The bulk volume of pores (Fig.16c) increases toward the
northwest. It decreases toward the northeast and southeast direction. The maximum value
is 27.70 at 112-82, and the minimum value is 7.06 in 112-46 well. The hydrocarbon
indicator (Fig.16d) increases toward the northwest, and decreases toward the northeast,
southeast and east directions. The maximum value is 25.86 at 112-82, and the minimum
value is 6.63 at 112-46 well.
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Fig. (14): Input data and interpreted analysis of Belayim Formation in 113-81 well, Belayim land oil field, Gulf of
Suez, Egypt.

The maps of net-pay thickness, effective porosity, bulk pores volume and
hydrocarbon indicator Figures (15b, 15d, 16¢ and16d) show nearly the same trend of
variation, while the map of shale volume (Fig.14a) shows a reversed trend. This may
reflect the relation between these parameters and the potentiality of hydrocarbons.
Therefore, the most favorable locations for hydrocarbon production from Belayim
Formation in the study area are the northwest direction and the middle part of the area.

4. CONCLUSIONS
1- The high values of porosity indicate that the Belayim Formation sediments are

representing a good quality reservoir.

2- The horizontal permeability is greater than the vertical permeability in all the
studied data that reflect the effect of bedding pores and fractures on the increasing
of horizontal permeability over vertical permeability.

3- The porosity—permeability relationships with high correlation coefficient reflect
the homogeneity of lithology and pore spaces types, while the relationships with
fair correlation coefficient reflect the heterogeneity of them.

4- Pore size distribution have high values ranging from 0.1flm to 30 flm meaning
good quality reservoir

5- The high correlation coefficient estimated for all relations reflects the ability to
calculate one parameter from the other.
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Fig. (15): Reservoir parameters of Belayim Formation in Belayim land oil field, Gulf of Suez, Egypt.
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Fig. (16): Reservoir parameters of Belayim Formation in Belayim land oil field, Gulf of Suez, Egypt.
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6- Redrawing the raw and result data gives true picture of the vertical distribution of
the lithology and its conclusion and their physical effect on the different logs.

7- Determining the reservoir parameters of Belayim Formation such as; total
porosity, effective porosity, shale volume, water saturation, bulk pore volume and
oil in place indicator.

8- The reservoir characteristics of Belayim clastics reflect its ability to store and
produce oil.

9- The petrophysical maps of Belayim reservoir parameters reveal that the northwest
direction and the middle areas of Belayim land oil field are the best localities for
oil production.
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