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Abstract

This study aims to have a single coefficient resulting from the integration of
all the reservoir parameters through which a decision can be taken to deter-
mine the best quality places in the reservoir. The conventional well logging
data in nine wells were used to determine the reservoir parameters in the
study area. Seven different parameters were calculated, five of them were di-
rectly proportional to the quality of the reservoir, while the remaining two
parameters which represent shale volume and water saturation were inversely
proportional to the reservoir quality. The index of each parameter was calcu-
lated. A new value was created from the integration of the seven different pa-
rameter indexes called the weighted index for the reservoir quality. The re-
servoir quality values were sliced in the three dimensions depending on the
effect of all reservoir parameters and not on any single parameter. It is clear
from the results of this study that horizontal and vertical slicing, as well as
cut-off values, illustrates that the middle and upper parts are the best places
for the reservoir to explore hydrocarbons, where the values of the weighted
index of the reservoir quality range from 0.65 to 0.9. Meanwhile, the quality
of the reservoir decreases in its lower parts.
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1. Introduction

Determining the quality of a reservoir depends on many petrophysical proper-
ties. Some of these properties may be directly proportional to the quality of the
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reservoir, and others may be inversely proportional. Therefore, the idea of this
work was based on deriving one parameter by which the quality of the reservoir
is determined, and this parameter is calculated by calculating the actual weight
of each of the different tank parameters.

The study area is located between Latitudes 28°34'45"N - 28°38'32"N and
Longitudes 33°05'17"E - 33°10'38"E inshore the Gulf of Suez, 25 km southeast of
Suez City. The study wells distribution in Belayim marine oil field is illustrated
in Figure 1. Because the rocks of Rudeis and Karim Formations contain ade-
quate amounts of hydrocarbons; these rocks, which were formed in Lower Mi-
ocene age, are classified as a source and also reservoir rocks (Al-Alfy, 2009).

Locations that do not contain data are covered based on real data through an
interpolation process (Ghoneimi, 2002).

Plotting of the reservoir characteristics in the form of 3D gives a clear view of
what's inside the reservoir and helps to understand and image the distribution of
reservoir parameters in all parts of the study area (Gadallah et al., 2010).

Al-Alfy and Nabih (2013) and Mohamed et al. (2017) used Tecplot computer
program to build a 3D-slicing show the distribution and variation of the reser-

voir parameters.

2. Geological Setting

Belayim marine oil field is anticline has NW-SE trend, the main faults were
trending in E-W direction with 2400 m displacement. Rudeis Formation is main-
ly consisting of sand, shales and marls denoted as Globigerina marls, as well as
sandstones (Abu Al-Atta et al., 2014).

- BMNW-3 ) " EGYPT
o GULF OF SUEZ
~ BM-57 N OIL FIELDS
g . ‘SUDR
~N fer ';':ASSLMATARMA " J,Lo‘
BMNW-2
[ BM-30
- Oz
e LA ‘:jrvt_\ |
ABU RUDEYS SIDR__~ )
113-M-81 TSy h s
BM35 e L e H
[
) BM-37 S Y
ig o , HICAL SHOAB Auj:’g4
3 2km
Q 113-M-34 e
33°05'24" 33°10'12" ~= OIL FIELD ’ b ~HURGHADA - o
PE—— _— . iv’g |
Figure 1. Location map of the study wells, Belayim marine oil field, Gulf of Suez, Egypt.
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Rudeis Formation is a rift feature probably formed from Late Oligocene to
Late Miocene (Patton et al., 1994; Omar & Steckler, 1995; Khalil & McClay,
2001; Afifi et al., 2017). Structurally, according to the dip directions, there are

three provinces that can be classified as southern, central, and northern prov-

inces. The rocks in the southern province have a southwest regional dip (Sal-

lam et al., 2019).

Rudeis formation can be classified as a source rock according to its deposi-

tion under favorable conditions, according to having huge hydrocarbon amounts

(Schlumberger, 1984). Lithologically (Figure 2), the bottommost part of Rudeis
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Figure 2. Litho-stratigraphic column of the Belayim marine oil field.
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Formation, which was deposited on the Nukhul Formation is formed from sand-
stones. There are some beds of sand and shaly-sand that are intruded in calca-
reous shale rocks which are considered the main component of the middle part
of Rudeis Formation. Meanwhile, shale and sandstone intercalations are the
composition of the upper Rudeis (Takasu et al., 1984). Rudeis Formation was
deposited in shallow to deep marine environment (Alsharhan & Salah, 1994). In

the study area, Rudeis Formation is recorded in all of the nine wells.

3. Methodology

The available borehole data includes total gamma ray, neutron, density, shallow
& deep resistivity logs were used to evaluate the different reservoir parameters as
volume of shale, total & effective porosity, water & hydrocarbon saturations and
oil in place percentage.

Dresser Atlas (1979) derived an equation for calculating the gamma-ray index
in the rocks, in preparation for its use in calculating the volume of shale content
inside the rocks, whose increase has a direct impact on the permeability and flu-
ids movement inside the rocks, and therefore the values of the clay quantities
decrease the quality of the hydrocarbon reservoir. This equation is as follows:

GR,, —GR

I _ log 'min 1
“* GR,.-GR @

max min

where: /5, is Gamma-ray index, GR,,, is Gamma-ray reading, GR,,,, is maximum

Gamma-ray, GR,;, is minimum Gamma-ray.

Using this equation, the gamma ray index for any value measured in the wells
will range from zero to one.

Seven parameters were calculated in the nine wells of Lower Miocene rocks in
the study area. These parameters were represented in the volume of shale (Vsh),
total porosity (¢t), effective porosity (¢de), water saturation (Sw), hydrocarbon
saturation (Sh), hydrocarbon in place (Oip), and reservoir thickness.

Equation No. (1) was applied after modification to calculate the index for five
parameters only (dt, de, Sh, Oip and thickness) which is directly proportional to
the reservoir quality. On the other hand (Vsh and Sw) are inversely proportional
to the reservoir quality, so the result of Equation (1) will be subtracted from one.

A new value was created, called the weighted index, which is a sum of the
seven different indexes. Dividing the new result by their number, the output is,
therefore, an expression of the quality of the reservoir. This new value does not
depend on any individual parameter but is based on the weighted index of all the
seven reservoir parameters.

The modified equation is:

R, = Riyin

P
Rmax - Rmin

where: 7, is parameter index, R, is parameter value, R, is maximum parameter

value, R, is minimum parameter value.
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Depending on the preliminary data, Lower Miocene rocks in the study area
can be divided into seven sub-layers according to the lithological content of the
rocks. Therefore, the reservoir parameters will be calculated for each sub-layer
separately.

Contouring was made to elicit the interpolated values between the different
wells horizontally for each sub-layer. Then a vertical contour was made to elicit
the values between the sub-layers. Finally, the model can be obtained for the en-
tire reservoir in the study area. These calculations were conducted based on Eq-
uation No. (2) (Davis, 1986):

F(x)=((x0 =) f (%) + (x=3) £ (x)) /(3 —x,) 0)

When only the values at the interpolation nodes x,, x,, -+, x,, a piecewise linear
function can be defined by interpolation.

3D slicing in the three directions (Easting, Northing and Depth) or (X, Y and
Z) respectively, and the cutoff values for the weighted index of reservoir quality

in the study area were constructed by TECPLOT software.

4. Results

The seven reservoir parameters (shale volume, total porosity, effective porosity,
water saturation, hydrocarbon saturation, oil in place and thickness), as estimated
from well-log data were used to estimate the weighted index for these seven de-
rived reservoir parameters in three dimensions; X, Y and Z.

The weighted index is visualized within Rudeis Formation in Belayim marine
oil field. The exterior view of the reservoir, (Figure 3(a)) represents the outer
three faces. On the top face, the lower weighted index values extending below
0.35, appear in the northwestern part. Meanwhile, the higher values, reaching
over 0.85, arise in the northeastern part. In the front face, higher weighted index
values, attaining over 0.8, appear in the central and upper parts. Meanwhile, the
lower values, falling under 0.25, appear in the southeastern corner of the front
face. In the side face, the weighted index values are present ranging from 0.2 to
0.7.

The change in weighted index in the X-direction, shows a high value of 0.8.
This value is common in all five planes, especially in the middle parts of all
planes (Figure 3(b)). The weighted index values in the five planes reach 0.9 in
the western portions of planes Nos. 3, 4 and 5. The variation of weighted index
in the Y-direction is illustrated in Figure 3(c). The lower value (under 0.20) ap-
pears in the northern portions of planes Nos. 4 and 5, while the higher values
(over 0.7) appear in the north and northwestern parts of planes Nos. 1, 2, 3.

Figure 3(d) shows the vertical variation of the weighted index in the
Z-direction. The maximum value (0.9) is recorded in the northeastern part of
the plane No. (1), the western part of plane No. 2 and the western part of
plane No. 3. Meanwhile, the values ranging from (0.40 to 0.70) were recorded at
the central part of planes Nos. 4, 5, 6 and 7. The weighted index attains less than
0.20 in the top-eastern portion of the reservoir as illustrated from the interior view
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Figure 3. Exterior view and slicing in different directions for the weighted index, Rudeis Formation, Belayim marine oil field, Gulf
of Suez, Egypt.

(Figure 4). On the other hand, the weighted index reaches more than 0.70 at the
upper and central portions of the reservoir.

The weighted index cut-off (Figure 5) was carried out at two different values:
0.40 and 0.50. The weighted index reaches more than 0.40 in the central and top
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Figure 4. Interior view for the weighted index, Rudeis Formation, Be-
layim marine oil field, Gulf of Suez, Egypt.
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Figure 5. Cutoff for the weighted index, Rudeis Formation, Belayim marine oil field, Gulf of Suez, Egypt.

eastern portions of the reservoir. Meanwhile, it attains less than 0.40 in few por-
tions of the reservoir. Similarly, the weighted index acquires more than 0.50 at
the central and northeastern portions of the reservoir. The 3D distribution for
the combined seven parameters shows a major presence for the weighted index

in the central and northeastern portions of the reservoir.
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Figure 6. Cut-offs of individual reservoir parameters and weighted index for reservoir quality, Rudeis Formation, Belayim marine

oil field, Gulf of Suez, Egypt.

5. Method Verification

To verify the accuracy of the results of this method, it is necessary to compare the
results of the weighted index of reservoir quality with the results obtained from
the conventional methods for determining the quality of the reservoir, which de-
pend mainly on the individual reservoir parameters.

To clarify the comparison between the different results, cut-offs were made to
avoid low values that express poor places for the properties of the reservoir so
that the good places are available to us in the figures expressing the results of the
individual properties of the reservoir such as (Vsh, ¢t, e, Sw, Sh and OIP) and
those resulting from the integration of all properties (weighted index).

Figure 6 shows that there is a large agreement between the results of the
weighted index method and the results of the traditional methods for determin-
ing the reservoir quality depending on the individual parameters. While we find
that there are differences between the individual parameters in determining the
best reservoir portions.

The best quality parts of the reservoir that were extracted from the weighted
index method correspond to the best parts specified from the individual reser-
voir parameters such as (Sh, ¢e and ¢t). While there are slight differences be-
tween these places and those that are determined from the parameters such as
(Vsh, Sw and OIP).

Therefore, it is necessary to rely on the results of the weighted index method,
because it is a compilation of the best quality reservoir portions based on all re-

servoir parameters not based on single ones.
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6. Summary and Conclusions

1) Lower Miocene Rudeis Formation has a high hydrocarbon potentiality in
their rocks and is considered a very good reservoir.

2) The weighted index of the reservoir quality was calculated from the differ-
ent indexes of the reservoir parameters.

3) 3D slicing of the reservoir quality property cleared that the upper and cen-
tral parts of the reservoir showed good quality, while the quality decreased to-
wards the bottom.

4) The zones having cutoff values more than 0.65 of the reservoir quality in-
dex indicate excellent areas for hydrocarbon exploration.

5) The cut-off values of the weighted index parameter were compared with the
cut-offs values of the individual reservoir parameters to verify the results of the

weighted index method.
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