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Abstract

Purpose. The purpose of this study is to investigate the clay content and petrophysical characteristics of the Rutbah For-
mation in the Sijan Field and their impact on production. This involves analyzing various borehole measurements to assess
reser-voir quality and predict fluid flow behaviour. Additionally, the study aims to compare wells in the Sejan field to show the
differences in petrophysical properties, especially hydrocarbon saturation in the Rutbah sand formation.

Methods. Methods include gamma-ray measurements to determine rock lithology and calculate shale volume. Permeability
is analyzed using equations relating permeability and porosity. Porosity determination involves acoustic, neutron, and density
porosity measurements. The Archie equation was used to calculate water and hydrocarbon saturations.

Findings. Gamma-ray measurements delineated the Rutbah Formation’s upper and lower sections. The upper Rutbah
exhibits higher gamma-ray anomalies and shale volumes compared to the lower Rutbah. Shale in the upper Rutbah leads to
ineffective porosity, while the lower Rutbah, dominated by sandstone with minimal shale, shows higher permeability suitable

for hydrocarbon production.

Originality. The study highlights the significance of well logging data as a cost-effective alternative to traditional methods
for estimating clay content and assessing reservoir quality in real-time. It contributes to literature by investigating influence of
clay content variations on reservoir properties, enhancing reservoir characterization and production forecasting.

Practical implications. The study provides insights for oil exploration and production strategies in the Rutbah Formation
within the Euphrates Graben region. Understanding the distribution of clay minerals and their effects on reservoir properties
can guide exploration and development efforts, optimizing hydrocarbon recovery.
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1. Introduction

Even though there are many different major energy sources
available in the modern world, oil remains the most popular.
This is because of the enormous oil reserves that have been
found or are anticipated to be found in the future because of
the development of contemporary technologies. It also stems
from the fact that this fundamental material is less expensive
to obtain and manufacture than alternative energy sources.
Thus, it is crucial to concentrate on oil studies across all sub-
ject areas, particularly since oil has influenced and continues
to influence global politics and the global economy [1].

One of the main pillars of the oil and gas industry in the
modern era is well logging measurements. No successful
investment in this field can operate without using these
measurements to solve problems and steer erroneous deci-
sions because they take advantage of the physical character-
istics of rocks to provide highly accurate and excellent
soundings of the specifications of the various layers.

Well logging measurements play a major role in evalua-
ting oil fields in terms of production, storage, reserve estima-
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tion, and even improving production and yield. Therefore,
the process of interpreting well data is a very important pro-
cess in evaluating productive and storage wells and under-
standing the behaviour of the field [2].

Many authors focused on this region of Syria and studied
the Euphrates Graben geological, structural, and geophysical
nature [3]-[7]. This study focuses on the Rutbah Formation,
which is a major oil reservoir in the area and dates to the Cre-
taceous period. It is regarded as one of the most significant
formations in the geological section, having penetrated many
local structures and containing commercial amounts of oil [8].

The borehole measurements were applied in the drilled
wells to study the storage characteristics of the Rutbah For-
mation that contains hydrocarbons [9]. The majority of sand
formations are characterized by petrophysical characteristics
that qualify them to be excellent storage rocks. This storage
capacity varies and depends on several factors, the most
important of which are those factors that relate to the grains
that make up the rock in terms of their volume, shape, and
the way they are placed. In general, the sandy formations are
not 100% pure, as they are mixed with shale proportions, as
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this ratio plays a strong negative role in affecting storage
specifications, and this effect changes according to the pro-
portion, type, and pattern of placement of shale [10].

Understanding the distribution of clay and its effects on
reservoir properties is essential for successful reservoir charac-
terization and production optimization. The accurate estima-
tion of clay content in the Rutbah Formation is crucial for
assessing reservoir quality and predicting fluid flow beha-
viour. Conventional methods for clay content estimation,
such as laboratory analysis of core samples, are time-
consuming, expensive, and often limited in spatial coverage.
Well-logging data offers a cost-effective alternative for esti-
mating clay content in real-time, but the interpretation of log
responses in clay-bearing formations remains challenging.
Additionally, the influence of clay content variations on reser-
voir properties needs to be systematically investigated to en-
hance reservoir characterization and production forecasting.

In this work, we will study the effect of shales on the
storage characteristics and the productive capacity of sand
formations. The method of borehole geophysical measure-
ments depends on determining the specifications of for-
mation by measuring some physical properties (radioactivity-
density resistivity, etc.), which enables us to determine the
storage properties of the studied formations. However, the
cores taken at the study site will make our results more accu-
rate and realistic, while the accuracy of the interpreter and
his knowledge of the nature of the region play the main role
in the accuracy and validity of the interpretation results. In
general, clay has a significant impact on the reservoir proper-
ties of the layers, as it indirectly affects oil production. The
biggest issue with clay rocks is their inability to pass hydro-
carbon fluids, which means their permeability is low or non-
existent. Furthermore, the clay rocks are regarded as com-
mercially worthless strata, regardless of the amount of hy-
drocarbons present. Definitely, lack of permeability in the
reservoir leads to lack of production. It is crucial that the
geophysicist and interpreter have the utmost interest in iden-
tifying the clay content and its distributions during any geo-
physical measurements. Since clay rocks have a high radio-
activity, the best probes to identify these rocks are those that
detect gamma-ray logs.

The findings of the gamma-ray measurements will thus
take priority when identifying the clay bands that have an
impact on production. The significance of this work comes
from emphasizing how important well records are for deter-
mining and estimating a wide range of factors related to the
characteristics of rock and the fluids it contains [11]. Apart
from verifying the geology and petrophysical data of the Sijan
field, there are several problems with the field’s exploration.

This study aims to:

1) investigate the petrophysical characteristics of the
Rutbah Formation in the Sijan Field and the impact on pro-
duction through various borehole measurements;

2) compare the wells in the Sijan Field to demonstrate
variations in thickness and petrophysical characteristics;

3) compute the oil reserves of the Rutbah sandy for-
mation in the Sijan Field based on the data and information
supplied by Al Furat Petroleum Company.

1.1. Geography of Syria

Syria is located in the northwestern part of the Middle East
region (Fig. 1), and its lands are considered a semi-flat region,
poor in important protrusions [12], with the exception of the
Palmyra chain, which is located in the middle of the country.
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Figure 1. Map of Syria location in the Middle East

In the northwest, there is a mass of coastal mountains,
which are classified by the pattern of eastern plains of the
Mediterranean Sea. The desert stretches south of the Palmy-
rene chain, partially covered by modern basalts. As for the
fourth part located to the north of the Palmyrene mountains,
it is known as the plateau or promontory of Aleppo [13].

1.2. The Euphrates Graben

Sijan Field is located in the northeastern Euphrates Gra-
ben in eastern Syria. The eastern part of Euphrates Graben is
in Iraqgi territory, while its western part is in Syrian territory.
And it is located above the structures of the slope of the
Avrabian surface (Fig. 2), with its fixed and mobile parts [14].
When the tectonic activity stopped with the beginning of the
convergence between the Arabian and Anatolian plates, it
resulted in the formation of this depression from the Middle
to Late Cretaceous.
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Figure 2. Location of the Euphrates Graben in relation to Syria

This Graben fills significant thicknesses of marine and
continental Neogene sediments, and the results of deep dril-
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ling indicate the placement of the Cretaceous sediments
overlying Carboniferous sediments. This Graben is bounded
by the Rutbah uplift from the south, and the Aleppo uplift
and the Palmyra chain from the west. In the north are the
hills of Sinjar, Abd al-Aziz, and Twal al-Aba [6].

1.3. Structural and geological setting of the Sijan field

The Sijan field section is a series of 11 faulted dip clo-
sures with varying fluid levels (ranging from 2716 to
3090 mss), situated in the northeastern part of the Euphrates
Graben in eastern Syria. It is roughly 20 km long, 5 km wide.
An attempt has been made to integrate the structural model
of the Sijan Field into the understanding of regional structu-
ral concepts. A very comprehensive analysis of the structural
history and characteristics of the Euphrates graben can be
found in “Structural analysis and kinematic framework of the
Euphrates Graben, East Syria” [15].

Regional analysis of seismic semblance and attribute data
over the central part of the Euphrates Graben indicates a
strongly fragmented and multidirectional structural pattern
with several well-defined and persistent trends. A characteris-
tic of the Central Graben is a near-orthogonal pattern of fault
trends defined by NW-SE and SW-NE trending lineaments. In
addition, a subordinate set of laterally very persistent E-W
alignments can be observed across the area [5]. Finally, a
prominent deformation lineament, trending SSW-NNE, seems
to be affecting the westernmost half of the Central Graben
(Fig. 3). Figure 4 discusses the stratigraphic column of the
eastern part of Syria, which includes the Rutbah Formation [16].
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Figure 3. Structural situation in the Euphrates Graben [15]

1. Jeribe Formation. Jeribe Formation dates to the Mio-
cene age, and its thickness is variable. It was found in all
wells drilled in the Euphrates Lowland area. Generally, it
consists mainly of limestone and dolomite with inclusions
of anhydrite [17].

2. Shiranish Formation. This formation belongs to the
Upper Cretaceous and consists of limestone in the upper
section, while the Lower section consists of limestone with a
greater percentage of clay [4].
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Figure 4. Stratigraphic column in the Euphrates Graben [16]

3. Derro Formation. This formation belongs to the Upper
Cretaceous and consists of different lithologic facies, includ-
ing clays and different types of volcanic deposits, and some-
times sands and anhydrite at the top of the formation [16].

4. Al-Judea Formation. This formation dates back to the
Lower Cretaceous and is divided into two parts in the Eu-
phrates Graben — the Upper Al-Judea Formation, which has a
sandy rock and consists of sandstone and clay. Al-Judea
Carbonate is composed of crystalline carbonates like lime-
stone and dolomite [18].

5. The Rutbah Formation. It is divided into two parts: the
Upper Rutbah, which belongs to the lower Cretaceous and
consists of shale and small amount of sandstone. Lower
Rutbah is of Lower Cretaceous and consists mainly of sand-
stone and a small amount of clay deposits [4].

6. Malousa Formation. This formation belongs to the
Upper Triassic and consists of sandstones in addition to
clay deposits [16].

2. Methods

The available data was collected from three sources:

1. Well logging geophysical measurements, such as:
Long Spacing Sonic Sonde LSS, Compensated Neutron Log
CNL, The Gamma Ray Tool, Litho-density tool LDT, Deep
Induction log ILD, Medium induction log ILM [19].

2. Rock core measurements: the significance of these
practical data is in their ability to calculate mathematical
constants like permeability, which in turn helps determine
the investability of the rocky areas [20].

3. Available data on the field: geological information
about the study area, maps of the seismic composition, well
drilling reports and geological reports for drilled wells, well
tests, core samples, and the data gathered from different
well measurements.

Data was collected for ten wells that penetrated the Rut-
bah Formation in the area under study. The following meth-
ods are used to analyze the wells and determine the petro-
physical characteristics of each well:
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—method of gamma-ray measurements is used to deter-
mine the lithology of rocks, distinguish between sand layers
and shale zones, and then calculate the volume of shale pre-
sent in these zones;

—the second method is to determine the permeability
using basic information and the equation between permeabi-
lity and porosity;

—a method for determining total and effective porosity
from acoustic, neutron, and density porosity measurements;

—the Archie equation to calculate the water saturation
and deduce the hydrocarbon saturation.

3. Results and discussion

3.1. Determine formation boundaries

To determine the lithology of the Rutbah Formation, sev-
eral measurements were used, the most important of which is
gamma-ray radiometric measurements.

3.1.1. Gamma-ray probe

The Rutbah Formation was divided into two parts, the
Upper Rutbah and the Lower Rutbah. As for the Upper
Rutbah, it showed high gamma-ray anomalies, extending
from depths 2882 to 2927 m. While the Lower Rutbah be-
gins from a depth of 2927 m and reaches a depth of
3030 m, where the Lower Rutbah shows significantly and
continuously low gamma-ray anomalies with some minor
distortions. This indicates a decrease in the amount of shale
in this region in varying proportions, and its absence some-
times in thin layers. Here the gamma-ray anomaly again
reaches a depth of 3030 m, that is, the Malusa Formation,
which is not considered a hydrocarbon storage formation in
the studied wells.

To determine the amount of clay distributed in the two
parts of the Rutbah Formation, gamma-ray radiometric
measurements are used (Fig. 5).
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Figure 5. Gamma ray values are increasing in the Upper Rut-
bah and decreasing in the Lower Rutbah up to the
Malousa Formation
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3.1.2. Porosity sondes
3.1.2.1. Neutron log

The neutron line took on fluctuating values against most
of the layers from the beginning of the measurement on the
earth surface to a depth of 2883 m, where the values rose
significantly, thus indicating high porosity. Then they re-
turned to a relatively low decline at a depth of 2927.88 m,
indicating the presence of less porosity in those layers to a
depth of 3029.66 m (Fig. 6).

SIJ1151 [MD]
045 neutron _-0.15/40.00 20 ILM__2000.00
1:3174 " 9! 2. 2000.00|
2900 - j é’
2025 e
p—
2950 = =
<
2975 F: ores
= p—
3000 e
i 7
3025 | —~ ‘-12
3050 :}‘:.—.
3075 ".‘,»:
— —

Figure 6. The Rutbah Formation lower boundaries based on
porosity and resistivity measurements

3.1.2.2. Density log

From a depth of 2927.88 m, the density line indicates de-
creasing in rock density to a depth of 3029.66 m. This indi-
cates the presence of sand layers that may have been deposit-
ed in this range (Fig. 6).
3.1.2.3. Sonic log

Sonic recordings are considered porous recordings, so
they do not play a major role in determining the formation
lithology, but they may be a useful addition to other recor-
dings that can be used to determine the formation lithology.
Thus, determine the upper and lower limits of the studied
formation. These recordings show low sound travel times in
the Lower Rutbah Formation, starting from depth of
2927.88 m to a depth of 3029.66 m.

3.1.3. Deep resistivity

When we notice an increase in the depth resistivity
values, it is either an oil storage formation or an impermeable
formation. All of the above measurements show a noticeable
change in the recording, starting from a depth of 2927.88 m
to a depth of 3029.66 m, which indicates that the selected
formation is the stored formation, and the matter will be
clearer after determining the lithology of the formation. So,
the borders of the lineup are shown in Figure 6.

3.2. Determination of the lithology

Create illustrative charts and histograms. The purpose of
this phase is to gather information that will help with the
appropriate assessment of the reservoir properties as well as
preliminary data on the penetrated formations [21]. We can
depict the density, neutron, and radiation measurement va-
lues along a particular axis, in accordance with Schlumber-
ger’s well interpretation diagrams, rather than choosing axes
at random, to provide the distribution of measurement values
along lines, each of which denotes a distinct lithology type.
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Specific depths are also specified to represent the mea-
sured values (Fig. 7).
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Figure 7. Cross plot for the Upper Rutbah Formation

The histogram (Fig. 8) shows the repetition of gamma-ray
values in the Upper Rutbah Formation. As can be seen from
this chart, the frequency of high gamma-ray values between
120 and 150 API is high, and values between 60 and 120 were
less frequent. In contrast, very low gamma-ray values are
almost non-existent, especially values from zero to 30 API.
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Figure 8. Histogram shows the repetition of gamma-ray values in
the Upper Rutbah Formation
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Figure 9 indicates that the predominant lithology between
depths of 2927 and 3030 m is composed of carbonate rocks
such sandstone, limestone, and dolomite. Due to the colours
that indicate radioactivity, we can also distinguish clay from
other rocks. For example, the blue colour indicates measure-
ments with radiation less than 50% APl (American Petro-
leum Institute), which represents a non-clay group. There is a
fairly small group of clay rocks of phosphorescent colour,
while pink colour indicates high gamma-ray values. This
corresponds to the distribution of radioactivity values on the
gamma axis at the bottom of this figure. Also, density meas-
urements, Y-axis and neutron measurements, X-axis, taken
together give us preliminary indications of the lithological
description of the penetrating formations.
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100

Figure 9. Cross plot for the Lower Rutbah Formation

The histogram (Fig. 10) shows a recurrence of gamma-
ray values in the Lower Rutbah Formation. As chart shows,
there is a high recurrence of low gamma-ray values of less
than 50 API. While very high gamma-ray values are almost
non-existent, especially those exceeding 90 API.
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Figure 10. Histogram shows the repetition of gamma-ray values
in the Lower Rutbah Formation.
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3.3. Calculate the shale volume

After setting the reserve formation limits, the shale vo-
lume in each range was calculated by Equation (1). It was
determined whether it was an investable range, that is, the
percentage of shale was less than 50% [22]:

GRIog _GRmin

VSh :IGR R ——

)
GRmax _GRmin

where:
lgr — the gamma-ray index;
GRiog — the gamma-ray readings of formation;
GRuin — the minimum gamma-ray value;
GRmax — the maximum gamma-ray value.

3.3.1. Calculate the shale volume in the Upper
Rutbah Formation

The shale volume in this formation is calculated by using
minimum and maximum gamma-ray values, and the gamma-
ray value measured at a specific point at the depth at which
the shale is located (Table 1).
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Table 1. Maximum and minimum gamma-ray values in the Upper
Rutbah Formation, in addition to gamma-ray measure-
ments at a specific measuring point

Depth, m GRmin GRmax
2882 to 2927 26.64 130.06

GR 2900 m
110

The minimum and maximum gamma-ray values were
measured in the Upper Rutbah Formation. Next, Equation (1)
was applied to calculate the shale volume at a depth point of
2900 m by taking a specific value for gamma rays at that
location (Table 1).

It can be seen that there is a strong correlation between
increased shale volume and high gamma-ray levels after
performing the above computation for each measurement
point (Fig. 11). Using Equation (1), Vs, = 0.80%.

=+ RUU

RULS = #) RULS

2930

Figure 11. Shale volume versus the Upper Rutbah Formation
using gamma-ray measurements

The histogram in Figure 12 indicates that shale volume
estimates were high in the Upper Rutbah Formation, which is
almost identical to the gamma-ray readings. High shale
volume values (from 62 to 90%) were frequent, but values
from 26 to 60% were less frequent, and low shale values
(from 0 to 20%) were not found at all.

3.3.2. Calculate the shale volume in the Lower
Rutbah Formation

Gamma-ray values exhibit an obvious decrease in the
Lower Rutbah Formation, except for a few scattered anoma-
lies. Also, the maximum and minimum gamma-ray measure-
ment values were determined in the Lower Rutbah Formation.

The shale volume at a specific depth point was then de-
termined by Equation (1). After determining the shale vo-
lume at each measuring location in the Lower Rutbah For-
mation, it can be seen that low gamma-ray levels correlate
with a decrease in shale volume (Fig. 13). Use the law to the
Rutbah range at a specified depth of 2971.038 m. The Lower
Rutbah begins at a depth of 2927 m and reaches a depth of
3030 m (Table 2). Using Equation (1), Vsh = 0.24%. Then apply
this equation to all members of the formation (Fig. 13).
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Figure 12. Histogram shows the repetition of gamma-ray volume
values in the Upper Rutbah Formation.
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Figure 13. Shale volume versus the Lower Rutbah Formation
using gamma-ray measurements

Table 2. Maximum and minimum gamma-ray values in the Lower
Rutbah Formation, in addition to gamma-ray measure-
ments at a specific measuring point

Depth, m GRmin GRmax
2927 to 3030 5.12 142.61

GR2971m
38.2

Moreover, the histogram in Figure 14 indicates that shale
volume estimates were low in the Lower Rutbah Formation,
almost equivalent to the gamma-ray readings. There is a high
frequency of low shale values, from 10 to 20%, while values
ranging from 20 to 50% are less frequent, while high shale
values of more than 60% are infrequent.

3.4. The effect of shale on porosity in the Upper
and Lower Rutbah Formations
3.4.1. Porosity in the Upper Rutbah Formation

According to Equation (2) and using the information in
Table 3, the density- derived porosity in the Upper Rutbah
Formation is calculated [22]:
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gp = Lma P 2)
Pma ~ PAl

where:
¢po — the density-derived porosity;
pma — the matrix density [23];
pb — the formation bulk density;
pn — the fluid density.
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Figure 14. Histogram shows the repetition of gamma-ray volume
values in the Lower Rutbah

Table 3. Density values in rock structure and layer fluids, in addi-
tion to neutron density
Depth, m pma pb (2900 m) P #n (3000 m)
2882 to 2927 2.78 2.61 1 0.34

According to Equation (2), ¢o = 0.09%. Average porosity
(density and neutrality):

#N-D i J2r¢D : ©)
Using Equation (3) to the data from Table 3: ¢n-p = 0.12%.
The porosity of the Upper Rutbah Formation decreases

markedly, particularly in the dense porosity, due to a signifi-

cant lamellar shale deposit. This leads to a significant in-
crease in rock density, resulting in a minimum density of

porosity (Fig. 15).
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Figure 15. The different porosity (density, neutron, average poro-
sity) in the Upper Rutbah Formation

3.4.2. Porosity in the Lower Rutbah Formation

The following results are obtained by applying Equa-
tion (2) to the Lower Rutbah bands using the data in Table 4.
Using Equation (2) to the data in Table 4, ¢p = 0.23% (3000 m).
Using Equation (3) to the data in Table 4, ¢n.p = 0.18%.

Table 4. Density values in the rock texture and layer fluids, in
addition to the neutron density
Depth, m Pma pb (2900 m) pt #n (3000 m)
2927 to 3030 2.65 2.61 1.16 0.14

Figure 16 shows the different porosity (density, neutron,
average porosity) in the Lower Rutbah Formation.
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Figure 16. The different porosity (density, neutron, average poro-
sity) in the Lower Rutbah Formation

3.5. The effect of shale on permeability in the Upper
and Lower Rutbah Formations

3.5.1. Permeability in the Upper Rutbah Formation

Given the shale’s non-interconnected pores, which con-
tribute to its overall low permeability (Fig. 17), it is evident
that the permeability in the Upper Rutbah is similarly low
or non-existent. Consequently, there is absolutely no need
to determine the saturation in this zone, because permeabi-
lity is non-existent.
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Figure 17. The permeability curve in Rutbah
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3.5.2. Permeability in the Lower Rutbah Formation It was found that the Lower Rutbah Formation is cha-
As for the Lower Rutbah Formation, which consists mostly ~ racterized by high permeability (Fig. 18). _
of sand, ignoring the very narrow shale ranges, we were able, Figure 19 explains the direct equation between porosity

to use core data taken from the same well to determine the ~ and permeability in sandy areas.
parameters required to calculate this permeability (Table 5).

Table 5. Permeability (K) values in the Lower Rutbah Formation versus depth

No Well Zone Depth, m Pe(rlrlw)e’ea:ngllty Log K No Well Zone Depth, m Pe(rg(?amb::l)lty Log K
1 SIJ1151 RUL 2935.00 4.0 0.60206 46 SIJ1151 RUL 2985.15 352.0 2.54654
2 S1J1151 RUL 2936.20 1.8 0.25527 47  SIJ1151 RUL 2986.12 1180.0 3.07188
3 S1J1151 RUL 2937.75 1.8 0.25527 48  SIJ1151 RUL 2987.20 699.0 2.84448
4 SIJ1151 RUL 2938.00 1.8 0.25527 49  SI1151 RUL 2988.10 5160.0 3.71265
5 S1J1151 RUL 2940.00 9.9 0.99564 50 SI1151 RUL 2989.30 1380.0 3.13988
6 SIJ1151 RUL 2941.20 4990.0 3.69810 51  S1J1151 RUL 2990.50 442.0 2.64542
7 SIJ1151 RUL 2942.10 1910.0 3.28103 52  S1J1151 RUL 2991.10 1650.0 3.21748
8 SIJ1151 RUL 2943.30 377.0 2.57634 53 S1J1151 RUL 2992.00 1880.0 3.27416
9 SIJ1151 RUL 2944.20 2.2 0.34242 54  S1J1151 RUL 2993.20 1900.0 3.27875
10 S1J1151 RUL 2945.10 4.3 0.63347 55  S1J1151 RUL 2994.10 2420.0 3.38382
11 S1J1151 RUL 2946.00 16.0 1.20412 56 S1J1151 RUL 2995.00 2020.0 3.30535
12 S1J1151 RUL 2947.20 551.0 2.74115 57 S1J1151 RUL 2996.20 935.0 2.97081
13 S1J1151 RUL 2948.10 208.0 2.31806 58 S1J1151 RUL 2997.10 2230.0 3.34830
14 S1J1151 RUL 2949.00 2270.0 3.35603 59  S1J1151 RUL 2998.05 2550.0 3.40654
15 S1J1151 RUL 2950.20 2.7 0.43136 60 SI1J1151 RUL 2999.20 3710.0 3.56937
16  S1J1151 RUL 2951.40 1690.0 3.22789 61 S1J1151 RUL 3000.10 7870.0 3.89597
17 S1J1151 RUL 2952.00 2370.0 3.37475 62 S1J1151 RUL 3001.00 29.0 1.46240
18  S1J1151 RUL 2953.20 3220.0 3.50786 63 SI1J1151 RUL 3002.00 1.8 0.25527
19 S1J1151 RUL 2955.00 1810.0 3.25768 64 S1J1151 RUL 3003.10 24.0 1.38021
20 SH1151 RUL 2956.20 116.0 2.06446 65 SI1J1151 RUL 3004.30 15 0.17609
21 SIJ1151 RUL 2957.40 2.7 0.43136 66  S1J1151 RUL 3005.20 587.0 2.76864
22 SIJ1151 RUL 2958.60 5.2 0.71600 67 S1J1151 RUL 3006.10 3940.0 3.59550
23 SH1151 RUL 2959.20 1300.0 3.11394 68 S1J1151 RUL 3007.00 32.0 1.50515
24 SIJ1151 RUL 2962.20 3.6 0.55630 69 S1J1151 RUL 3008.20 5310.0 3.72509
25 SIJ1151 RUL 2964.00 16.0 1.20412 70 S1J1151 RUL 3009.10 393.0 2.59439
26 SIJ1151 RUL 2965.20 1.2 0.07918 71 S1J1151 RUL 3010.10 1570.0 3.19590
27  SIJ1151 RUL 2967.88 14 0.14613 72 S1J1151 RUL 3011.20 52.0 1.71600
28  SIJ1151 RUL 2968.25 4.8 0.68124 73 S1J1151 RUL 3012.10 3.3 0.51851
29 SIJ1151 RUL 2969.10 2.3 0.36173 74  S1J1151 RUL 3013.00 11 0.04139
30 SIJ1151 RUL 2970.00 2560.0 3.40824 75 S1J1151 RUL 3013.60 17.0 1.23045
31  SH1151 RUL 2971.07 705.0 2.84819 76 S1J1151 RUL 3014.20 15 0.17609
32  SH1151 RUL 2971.30 257.0 2.40993 77  S1J1151 RUL 3015.10 11.0 1.04139
33 SIJ1151 RUL 2972.20 3380.0 3.52892 78 S1J1151 RUL 3016.00 3.8 0.57978
34 SIJ1151 RUL 2973.10 3810.0 3.58092 79 S1J1151 RUL 3017.20 14.0 1.14613
35 SI1151 RUL 2974.00 990.0 2.99564 80 S1J1151 RUL 3018.10 12.0 1.07918
36 SIJ1151 RUL 2975.20 7850.0 3.89487 81 S1J1151 RUL 3019.10 2.8 0.44716
37  SH1151 RUL 2976.10 5220.0 3.71767 82 S1J1151 RUL 3020.20 12.0 1.07918
38 SIJ1151 RUL 2977.30 586.0 2.76790 83 SI1J1151 RUL 3021.40 628.0 2.79796
39 SH1151 RUL 2978.20 1450.0 3.16137 84 S1J1151 RUL 3022.04 1190.0 3.07555
40 SIJ1151 RUL 2979.25 1330.0 3.12385 85 S1J1151 RUL 3023.20 122.0 2.08636
41 SIJ1151  RUL  2980.23 1.1 0.04139 86 SI1J1151 RUL  3024.10 1770.0 3.24797
42 SIJ1151 RUL 2981.23 326.0 2.51322 87 S1J1151 RUL 3025.00 1.6 0.20412
43  SIJ1151 RUL 2982.19 46.0 1.66276 88 S1J1151 RUL 3026.20 664.0 2.82217
44  SIJ1151 RUL 2983.00 5.0 0.69897 89 S1J1151 RUL 3027.10 227.0 2.35603
45  SIJ1151 RUL 2984.15 25.0 1.39794

3.6. Effect of shale on water saturation in the n o a Ry

Upper and Lower Rutbah Formations Sw = ¢_m?t 4)

3.6.1. Water saturations in the Lower Rutbah Formation where:

The fluids present in the rocky voids fill all or most of the Sw — the water saturation;

pores, so that this fluid consists of a mixture of water and oil Rw — formation water resistivity, equal to 0.0434 €

in varying proportions. To calculate these saturations, the Rt — true formation water resistivity, equal to 0.31€;

Archie Equation (4) is used, taking into account that water is ¢ — the effective porosity;

a — the tortuosity factor (often taken to be 1);
m — the cementation factor (varies around 2);
n — the saturation exponent (generally 2).

a medium that conducts electrical current, unlike oil, which
is considered an insulating medium [22]:
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Figure 18. The permeability in the Lower Rutbah Formation
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Figure 19. The equation between porosity and permeability in the
Lower Rutbah Formation
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Water saturation is obtained after the lower Rutbah layers
(Fig. 20) are subjected to the Archie Equation (4).

3.6.2. Water saturation in the Upper Rutbah Formation

Since the Upper Rutbah Formation consists mainly of
shale and cannot be invested in oil, there is no need to calcu-
late the saturation value for it. Consequently, it makes no
sense to use the Archie equation to determine the water satu-
ration values there. At the same time, it is illogical to use the
Archie equation to calculate water saturation in the Upper
Rutbah Formation, as the parameters used in the Archie
equation are taken for the oil-producing sectors and are not
suitable for the non-productive shale sector.

3.7. Oil saturation

The determination of hydrocarbon saturation follows the
determination of water saturation [22], and this can be
achieved by using Equation (5).

53

DEPTH
(M)

VSH (FRAC) SW (Dec)
0. 1o 1

CTSTT SdOL | r

My

2950

LIt

3000

:

Figure 20. Water saturation in the Lower Rutbah Formation

She =1=Sw,

where:
She — the hydrocarbon saturation;
Sw — water saturation.

3.7.1. Hydrocarbon saturation in the Upper
Rutbah Formation

Since the hydrocarbon saturation in this sector was not
calculated, it will only be done for the Lower Rutbah For-
mation. This is because the water saturation in the Upper
Rutbah Formation was not calculated.

3.7.2. Hydrocarbon saturation in the Lower
Rutbah Formation

After applying Equation (4) to the water saturation values
in the Lower Rutbah Formation, the hydrocarbons saturation
is obtained (Fig. 21).
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Figure 21. Oil saturation in the Lower Rutbah Formation
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3.7.3. Prospects of future research

The following recommendations were provided after
completion of this research:

—conducting a 3D seismic study, especially in the sou-
thern region of the Sijan field, which helps to better identify
the locations of oil zones and define the boundaries of reser-
voirs more accurately compared to 2D data;

—drilling more wells in the vicinity of the well S1J.129
after analyzing the 3D seismic data, especially in the south-
ern and southwestern parts of the field;

— improving the understanding of the petrophysical pro-
perties of Rutbah Formation in the Sijan field by using data
collected from different wells to identify the most productive
areas and guide future drilling operations to reduce risks and
increase return on investment.

While conducting scientific research at nearby sites such
as Omar, Ghawari, and Al-Yimken, no comparable work has
been done at the Sijan field. In order to accurately distinguish
between the clay content and its distribution within the field,
as well as to determine its detrimental effects on the storage
properties, the current work is unique in its study of the Sijan
field and relies on detailed petrophysical measurements,
including density, resistivity, sonic, and gamma-ray logging.
However, other studies in the nearby of the Euphrates Gra-
ben regions have focused on assessing the overall characte-
ristics of rocks, as well as the geological, structural, and
tectonic conditions, without going into the specifics of
storage. This suggests that, compared to related studies, this
research adds a new and comprehensive dimension to the
examination of oil reservoir parameters and validates its
usefulness as a cutting-edge resource for reservoir analysis
and exploratory decision-making.

4, Conclusions

This research focuses on investigating the shale content
and its effects on reservoir properties such as porosity and
permeability in the Rutbah Formation within the northeastern
part of the Euphrates Graben, Syria, based on well logging
data analysis. Here are the most key findings: well logging
techniques, particularly gamma-ray measurements, enabled
the delineation of the Upper and Lower Rutbah Formations
based on distinct anomalies. The Upper Rutbah Formation
exhibits higher gamma-ray anomalies compared to the Lower
Rutbah. The Upper Rutbah shows higher shale volumes
compared to the Lower Rutbah, indicating variations in clay
content within the formation. Analysis of porosity, including
density and neutron logs, reveals differences in effective
porosity between the Upper and Lower Rutbah Formations.

The presence of shale in the Upper Rutbah exhibits inef-
fective porosity compared to the Lower Rutbah with effec-
tive porosity. Permeability calculations indicate low permea-
bility in the Upper Rutbah due to the presence of shale, ren-
dering it non-investable for hydrocarbon production. In con-
trast, the Lower Rutbah, dominated by sandstone with mini-
mal shale content, exhibits higher permeability, making it
suitable for hydrocarbon production. The study highlights the
importance of clay content assessment in reservoir estimate,
as it significantly influences reservoir properties such as
porosity and permeability, ultimately affecting hydrocarbon
production potential. Understanding the distribution of clay
minerals and their effects on reservoir properties provides
valuable insights for oil exploration and production strategies
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in the Rutbah Formation within the Euphrates Graben region.
The findings can guide future exploration and development
efforts in similar geological settings, optimizing hydrocarbon
recovery processes.
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Ouinka BMicTy IJIMHYU TA il BIVIMBY HA BJIACTUBOCTI IUIACTA 32 JaHUMHU
KapoTaxy cBepAJ0BUH, ponouine CeiisH, Cupis

AM. Abyneiid, A.M. Anbxyceiin, M.A. Moxamen, M.M. Macyn

Meta. BuBueHHs1 BMIiCTY TTIMHH Ta MEeTpOQi3NIHNX XapakTepucTUK Pyrdaxcpkoi popmarii Ha CelsTHChKOMY POIOBHILI Ta iX BIUIUBY Ha
BUIOOYTOK Ha OCHOBI aHaJIi3y Pi3HUX CBEPJIOBHHHHX BHMIpPIOBAaHB JUIS OLIHKH SKOCTI IUIacTa i MPOrHO3yBaHHS MOBEIIHKU IOTOKY PiJHHH.
Jlocni/pKeHHST TaKOK Ma€ Ha METi MOPIBHATH CBEPUIOBHHU Ha pomoBuili CelisH, mo06 Moka3aTH BiIMIHHOCTI B METPO(i3UIHUX BIACTUBOC-
TSAX, 0COOJIMBO B HACHUEHOCTI BYTJICBOAHAMMU MinIaHoi ¢popmarii Pyr6ax.

MeToauka IOCTiKCHb BKIIOYA€ BUMIPIOBAaHHS IaMMa-BHIIPOMIHIOBAHHSAM Il BH3HAYCHHS JIITOJOTI MOPiA Ta MigpaxyHKYy 00 emy
cnaHmo. [IpoHUKHICTD aHANI3YETHCS 3a JOMIOMOTOIO PIBHSHB, IO CTOCYIOTHCS MIPOHUKHOCTI Ta MOPUCTOCTI. BU3HAYEHHS MOPHUCTOCTI BKIIIO-
4yae aKyCTHYHE, HEWTPOHHE Ta T'YCTHHHE BUMIpIOBaHHS MOPHUCTOCTI. PiBHSAHHA Apdi OyJ0 BUKOPHCTAHO VI PO3PAXYHKY BOJIO- Ta BYTJIEBOJI-
HEBOT HACHYEHOCTI.

Pe3yabTaTn. 32 101IOMOror0 BUMIpIOBAaHHS TaMMa-BHIIPOMIHIOBaHHS OyJIO OKpECICHO BEPXHIO Ta HIDKHIO yacTHHH (opmarii Pyroax.
BusBnero, mo BepxHs yacTHHa PyT0ax neMoHcTpye OUTBII BHCOKI raMMa-aHOMalii Ta 00’€MH CIaHIFO HOPIBHSHO 3 HIKHBOIO YaCTHHOIO
Pyr6ax. BusiBieHo, 1o cnaHemp y BepxHiil yactuHi PyT6ax npu3BoauTh 10 HeeeKTHBHOI MOPUCTOCTI, TOMI SK HIDKHS JacThHa PyTOax, ne
TepEeBaKaIOTh MICKOBUKH 3 MiHIMAJILHOIO KITBKICTIO CIIAHIIIB, IEMOHCTPYE BHILY MPOHUKHICTh, IPUAATHY IS BUIOOYTKY BYTJICBOIHIB.

HaykoBa HoBu3HA. [IOCIiIKEHHS MiIKPECITIOE BKINBICTh JTaHUX KapPOTaXy CBEPIUIOBHH SK €KOHOMIYHO €(EKTHBHOI aJbTEPHATHBHU
TpaJULiHHAM METOAaM OILIHKK BMICTY TJIMHHU Ta OIIIHKH SKOCTI IUTACTa B PEXUMI PEAIbHOTO Yacy, M0 POOWTH BiNNOBIAHWI BHECOK IS
PO3LIMPEHHS 3HaHb, OCTIPKYIOUH BIUTHB Bapialliil BMiCTY INIMHH HA BIACTHBOCTI IJIACTA 1 HOKPANTYIOYH HOTO XapaKTEPHCTHKY Ta MPOTHO-
3yBaHHs BUIOOYTKY.

IMpakTuna 3Ha4uMicThb. JloCHi/KeHHs jae YsBIEHHS IPO CTparerii po3Biaku Ta BUA0OyTKy Hadtu y dopmauii Pyrdax B €Bdpar-
I'pabeHcrkoMy perioHi. Po3yMiHHS po3noaily IJIMHUCTHX MiHEpasliB Ta IXHBOTO BILIMBY Ha BIACTHBOCTI IUIACTIB MOXKE CHPSMOBYBATH 3Y-
CHJUISL 3 PO3BIJIKH Ta PO3POOKH, ONITHMI3YI04H BUAOOYTOK BYTJIEBOHIB.

Knruoei cnosa: ghopmayis Pymbax, kapomaogic céeponosun, emicm enunu, €eppam-I paben
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