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Abstract

The study of petrophysical parameters plays a major role in the evaluation of hydrocarbon reservoirs.
In this study, using well data in Geolog software, the petrophysical parameters of the Arab Formation
(equivalent to Surmeh) in one of the oil fields in southern Iran were studied in two ways. Based on the
petrophysical evaluation and using conventional cross-plots (neutron-density) and histogram of
porosity and water saturation, the lithology of the Arab Formation was determined. The lithology
consists of a combination of calcite, dolomite, and anhydrite. Comparison of the results of porosity
changes is more consistent with the values obtained from core analysis. According to the calculated
petrophysical properties, the upper part of the Arab (Surmeh) Formation was divided into seven parts.
Comparison of water saturation showed that in all zones, the range of changes is high. By comparing
the zones quality, zones 5 and 6 are introduced as the best reservoir zones.

Keywords: Arab Formation (Surmeh),; Petrophysical parameters; Water saturation; Geolog software.

1. Introduction

Petrophysical assessment, the science of interpreting the information obtained from well
drawings in the study of reservoir quality and reservoir zoning to determine the most appro-
priate horizons in the optimal use of reservoirs and development of oil fields [*l. The studied
oil field is one of the fields located in the Persian Gulf. Parameters such as lithology, shale
volume (Vsh), total porosity (PHIE) and water saturation (SW) are among the most important
parameters that are determined in petrophysical evaluation to assess the reservoir quality of
the formation [21, The use of complementary methods can be useful in improving the results
of reservoir evaluation. By X-ray diffraction (XRD) analysis, the identification of clay minerals
(less than two microns) and the mineralogy of the whole sample (bulk) can be determined
with high accuracy and speed. Minerals are identified with a standard file called the Joint
Committee on Powder Diffraction Standard (JCPDS) and with the help of special software such
as X plot and traces with a computer. Recent advances in XRD data processing have raised
the accuracy of this technology to a high level. In the new data (analysis techniques, algo-
rithms called Lorentzian profile-fitting algorithms are used to separate the diffusion peaks of
different overlapping clay minerals [3-4],

Currently, several studies have been conducted on the use of multimine and XRD methods
in the assessment of reservoir zones. Basu and Dutta [5-6] studied the properties of gas shales
in the Cambay Basin of India. Mishra et al. [71 and Mendhe et al. [81 used petrophysical and
clay mineral properties in the evaluation of gas shale reservoirs in the Ram Jani Basin in West
Bengal, India. In a study, the prospects of gas shales in the gas shale complex of the Indian
basin have been studied. In this research, they have studied the petrophysical properties and
also modeled the gas fields of the basin and determined the amount of gas production poten-
tial. In these calculations, researchers have estimated and determined the volume of sedi-
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mentation of materials and the amount of maturity of the layers of these sediments in per-
forming and performing these calculations and estimating the amount of gas. Kadkhodaie-
Ilkhchi [°1 in the study of oil fields in South Pars, Ahvaz, Abuzar and Khark examined the
petrophysical and geochemical characteristics of different reservoirs. In this study, XRD data
were used to complete the information. Jagadisan et al. [1%1 and Ghassem Al-Askari [11] also
combined petrophysical, and XRD methods in their studies. Kiakojury et al. [*21 in the reservoir
evaluation of Dalan-Kangan Formations in South Pars field studied petrophysical properties
and factors affecting it such as sedimentary facies, diagenetic controls. Nader et al. [*3] per-
formed the reservoir and diagenetic properties of Arab D and C units in the UAE marine sector
using petrophysical and XRD methods. Jadoon et al. [*4] used the XRD method to calibrate
mineralogical modeling results in the evaluation of Permian gas shales in the Cooper Basin,
Australia. Taheri et al. [*51 in a study to determine the petrophysical parameters in one of the
gas field using Geolog software and stated that the study of the properties of rocks and their
relationship with existing fluids is the main goal of petrophysical research. In this research,
well drilling data and Geolog software have been used to interpret and study the parameters
of reservoirs and field development. Their results showed that if the shale effect ignored in
the evaluation of gas reservoir, it can lead to significant errors in calculations and correct
determination of petrophysical parameters.

In the present study, applying raw data obtained from well drilling of the Arab Formation
(equivalent to Surmeh) in one of the Persian Gulf fields and also Geolog software, petrophys-
ical parameters affecting the reservoir quality are investigated as well as the results of XRD
and multimine methods are compared. The main purpose of this study is to show the im-
portance and capability of software methods on the interpretation of reservoir formations.

2. Geological background

The Persian Gulf basin as a marine part of the Zagros region, is one of the sedimentary
basins located on the Arabian plate, and can be considered as a remnant part of Neotethys
basin. This region is one of the most oil-rich sedimentary basins in the world [16],

The high thickness of marine sedimentary
rocks from Precambrian to Pliocene, lack of
igneous activities, the presence of humerous
and very rich in organic matter and porous
and permeable reservoir rocks with suitable
coating rocks, provide unique conditions for
the production and accumulation of hydro-
carbons in this basin [17-18], The Zagros-Per-
sian Gulf sedimentary basin, compared to
other sedimentary basins in Iran has the
most hydrocarbon resources in the world. In
addition to Iran and the Persian Gulf, the ba-
sin is expanding in Oman, Saudi Arabia, the
United Arab Emirates, Kuwait, Iraq, Syria,
and southeastern Turkey [*°], The studied oil
field is one of the oil fields in the Persian Gulf
basin in which the Arab Formation equivalent

. . , to the Surmeh Formation has been studied
Fig. 1. Approximate location of the study area (af- (Fig. 1)

ter Berberian and King [201)

MAKRAN

3. Stratigraphic characteristics of the understudy area

Geologically, the Arab (Surmeh) Formation deposited in the Upper Jurassic period, located
beneath a layer (as a cap rock) named the Hith Formation (Upper Jurassic) is composed of
anhydrite, which in some parts is separated by a carbonate layer [21-221 According to the
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available information, the thickness of the Hith layer varies from 7 to 70 meters throughout
the field.

In the Zagros region, the Surmeh Formation was developed well in the Fars province, north
of Khuzestan and northeast of Lorestan and it has the best outcrops in the Fars region. The
formation consists of limestone and dolomite. In view of the oil and gas prospects, this for-
mation in Sarv (Qeshm Island) and Mountain Mund fields is in hydrocarbon production stage.
In large areas of Fars, the middle-upper Jurassic rocks are very homogeneous carbonate rocks
with an evaporitic layer of anhydrite deposits (Hith Formation) in the top section of the Fars
Formation. At the locality of type section (Surmeh Mountain, 120 km southwest of Shiraz),
the Surmeh Formation with 762 meters thick is made of dolomite and dolomite limestone,
which has a thin layer of low dense clay limestone in the middle part. Based on the mentioned
clay limestone, the Surmeh Formation consists of three parts. The lower part is characterized
by two layers with lithiotis fossil. The upper equator is not the same. In some cases, this
boundary is the Hith anhydrite Formation (Upper Jurassic) and in other cases is the limestone
of the Fahliyan Formation (Lower Cretaceous). In the second case, the transition from the
Upper Jurassic to the Lower Cretaceous is gradual. The oolitic limestone of the Fahliyan For-
mation or the layer containing Thintinnid, representing the deep marine environment, is se-
lected as the stratigraphic boundary. The age of the Surmeh Formation is the Middle-Upper
Jurassic, although biological zones indicate the entire Jurassic period. The Surmeh Formation
is equivalent to the "Arab Formation" in Saudi Arabia and other Arab countries, which is prone
as huge oil reservoirs [23-251,

4. Methods and materials

In this study, well data related to one of drilled wells of the oil field located in the Persian
Gulf has been used. Geolog software was also used as a scientific software for data analysis.
In the present research, different petrophysical cross-plots (neutron-density, neutron-sonic),
frequency histograms and porosity variation were used. The results are also compared to core
data to improve the quality control of XRD data in comparing to multimin method. Petrophys-
ical parameters were calculated to analysis the reservoir zones quality.

5. Discussion
5.1. Lithological cross plots

One of the major applications of well logs is lithological determination. In a drilled well,
usually in the solid part, two components are considered, the first component is the matrix
which includes the main grains and cement and the second component is shale. Some litho-
logical features such as mineralogy, texture, structure, shale volume and fluid content affect
the response of logs. The meaning of texture is the parameters related to the matrix and the
meaning of construction is properties such as layering and fracture. Data from drilling and
core fragments help to more accurately estimate lithology [26-271, The aim of lithological de-
termination of the formation is to understand the best point which having the least volume of
shale and the porosity saturated with water. The crossplot that are widely used to determine
lithology is neutron-density.

5.2. Neutron-density crossplot

This crossplote is used to calculate lithology and porosity. To graphically reading the po-
rosity using this plot, the calculated density values must be plotted against the neutron. Neu-
tron density crossplot, compared to other crossplots, is used to estimate different lithology
and porosity [28-29]1, This crossplot separates calcareous, dolomitic and sandstone lithology
well. It should be noted that before plotting, the data should be corrected in view of shale and
hydrocarbon values. In wells having breakout or thick drilling mud cake, density tool infor-
mation may be irrelevant, and therefore the crossplot application is limited [30-31],

In neutron-density crossplot, three curves or matrix lines presents the lithologies of lime,
sand, dolomite and anhydrite. Matrix line separation is desirable for lithology determination.
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In gas packages, the presence of gas reduces the neutron reading as well as the density of
the rock, and these factors cause the points plotted on the left and the top of the plot in gas
packages should be neutralized the gas effect from the gas correction path [32-331  In this
crossplot, it should be noted that if the points are in the upper left corner of the plot, they can
be a sign of gas. However, the separation of neutron porosity and density (in the case of
neutron porosity less than density porosity) does not always mean the gas effect [34-351, The
presence of shale in the formation causes to transfer the points to the southeast of the cross-
plot. Therefore, before interpretation of the crossplot, it is necessary to correct both factors in
terms of shale volume. By performing shale correction, the porosity obtained from the cross-
plot will be equal to the porosity of the matrix [32], Based on the neutron-density plot, the
lithology of the Arab Formation in the under study area is a combination of dolomite, calcite,
shale, and anhydrite (Fig. 2). Although, the dominant lithology of the formation is dolomite.
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Fig. 2. Neutron - density crossplot for the lithol- Fig. 3. Thorium (Th)-potassium (K) crossplot to de-
ogy determination of the Arab Formation in X- termine clay minerals.
drilled well. An indicating anhydrite.

The thorium-potassium crossplot used to identify the type of clay minerals. The plot showed
that there is no illite mineral. This is also confirmed by XRD data. The abundance of illite
mineral, except for certain intervals in the Arab Formation, is less than 1% by weight. The
presence of glauconite is a sign of a regenerative environment.

5.3. Shale volume (Vsh)

Conventional shale volume determination methods can be divided into two groups:

A- Methods based on graphs whose response is primarily a function of shale volume and
are known as shale detectors [36-371, | ike gamma ray graphs, these images can also be used
to qualitatively identify the type of clay mineral, of which thorium-potassium crossplot is one
of these methods. According to this cross-plot, most of the clay minerals in this borehole, is
of mixed layer type (Fig. 3).

B- Methods that are based on graphs in which the percentage of shale is not the first
effective parameter, but affect the responder in different ways. Such as neutron log, SP log,
a combination of two neutron-density (ND) and neutron-acoustic (N-sonic) logs. The use of
gamma plot and neutron-density differences are two of the best indicators. The SP graph, as
the initial graphs, shows values less than the actual value.

5.4. Estimated porosity

Porosity is the most important property of rock, because the capacity and volume of oil
accumulation in rock depends on it [38], In this study, the mean of total porosity (PHIT) and
effective porosity (PHIE) were calculated using porosity diagrams (density, neutron and acous-
tic) and the results are presented in Table 1.
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Table 1. Average shale volume (Vsh), effective porosity, total porosity and water saturation

Vsh % 25 PHIE % 8.86
PHIT % 9.83 SWE % 42.44

The porosity in the reservoir zones, with the exception of zone one, is well matched in the
Multimin and XRD ratio diagrams. Comparison of histogram plots of porosity frequencies, with
and without considering XRD data, shows differences. In general, in the method without con-
sidering XRD data, the amplitude of porosity changes in different zones is less.

The dispersion of anhydrite by XRD method is approximately less than 30% by weight. It
is more dispersed in deeper zones. Comparison of anhydrite abundance based on ratio with
and without XRD data shows that it is more consistent but its distribution is not uniform in all
zones. The dispersion of dolomite in the studied borehole using XRD method indicates a fre-
quency higher than 40% by weight (except in deep intervals). Comparison of dolomite disper-
sion in two methods indicates a relatively good agreement and confirms the high overall ratio
of this component.

The amount of porosity in the studied well using XRD data in general (Fig. 4-A) and in
different zones (Fig. 4-B) and also without considering XRD data (Fig. 5-A) in general and in
different zones (Fig.5 -B) and compared with the porosity data presented. All the results to-
gether are shown in Figure 6.
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Figure 4. Dispersion of porosity in the studied borehole considering XRD and core data: (a)- in general
and (b)- in different Zones
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Figure 5. Porosity variation in the studied borehole using multimin methods and core data: (a)- in general
distribution, and (b)- in different Zones
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Fig.6. Porosity variation in the studied borehole using different methods

Comparing the porosity changes by two methods, the results are proportional to the core
changes. Comparison of water saturation ratios based on the multimin and XRD methods
shows that the range of variation is large in all zones. However, the frequency of water satu-
ration except Arab zone 1 (which is the lowest ratio in XRD method and very small in multimin
method), but Arab zones 3, 4 and 6 showing higher values by XRD method.

5.5. Water saturation

Saturation is the ratio of the volume occupied by a fluid to the total volume of porosity. In
the case of water fluid, saturation denoted as SW. The residual fraction, including oil and gas,
is equivalent to (1-SW) and is known as hydrocarbon saturation and marked with the symbol
Shy 391, Correct estimation of water saturation in hydrocarbon reservoirs is one of the most
important steps in petrophysical evaluation of the formation. Water saturation is calculated by
the resistance graphs and using appropriate formulas. The basis of this problem is actually
due to the difference in conductivity between the formation water and hydrocarbons. The
method of calculating the amount of water saturation in Geolog software has been used ac-
cording to the available information from the Dual Water method [4°1, The original Dual Water
model was introduced by Clavier et al. 141, and the final version was completed in 1984. This
model is based on three principles:

1. The conductivity of the wires is due to cation exchange capacity (CEC).
2. The amount of CEC of pure clay is proportional to the specific level of clay mineralization.
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3. Clay is considered as a factor that produces a chemical bond to the water.

Clay minerals are insulating on their own, and their electrical conductivity is due to the
water attached to them. This conductivity is not related to the type of clay mineral but is a
function of temperature and salinity of the formation [41-421, However, other variables such as
stress, rock composition, porosity and geometric shape, packing condition and grain sorting
also affect the conductivity of the rock [431, According to the above three principles, the dual
water relationship was presented as follows [44-451;

¢T * sﬁ/T wa wa
Ce=—"4 [(1‘57) * Cur * Cur > (s—m)]
where, Sw is water saturation, Swr is total water saturation and Sws is water saturation at-
tached to the clay structure.

The percentage of water saturation frequency was calculated between 26 to 74%. Figure 7
shows the overall distribution of water saturation in the studied borehole by the two methods
and core data. By comparing the changes in the two graphs, the amount of water saturation
with the effect of XRD data is more than the core data. This should be taken into account in
estimating the amount of reserves of the reservoir.
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Fig. 7. Total distribution of water saturation in the studied borehole using XRD method and core data
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The histogram plots of the abundance of water saturation in the studied well (Fig. 8) show
differences with and without applying XRD data in interpretation. Arab zone 1 is showing the
lowest value using XRD method and does not have a significant amount in the next method
(multimin). And in the case of Arab zones 3, 4 and 5, the first method also shows lower values
than Multimin. This result verifies the effect of water saturation on these methods output. Of
course, it should be noted that the XRD method is used to determine lithology and is not a
reliable method to determine water saturation in Geolog software.
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Fig. 8. Histogram plots of the total water saturation scatter diagram (a) Multimin and (b) XRD methods
in the studied well

5.6. Comparison of statistical parameters in two methods

The statistical parameters of porosity and water saturation such as standard deviation val-
ues, skewness, cretaceous, median and mode in two methods are presented in Table 2. The
rate of change of values is close to each other. Comparing of statistical parameters of porosity
and water saturation factors in two methods shows the consistency of the changes.

Table 2. Comparison of the values of statistical parameters of the two methods: multimin and XRD data

Std. Devia-

Method tion Skewness Kurtosis Median Mode
Porosity Multimin 7.583 32.609 2.22627 9.350 11.250
(%) XRD 8.428 38.207 2.48387 10.211 12.250
Water satu- Multimin 45.466 -7.742 1.17636 58.417 99.500
ration (%) XRD 42.768 -20.721 1.26906 66.300 99.500

Examination of changes in petrophysical parameters in the studied borehole without con-
sidering XRD data showed that this formation is of good quality at most depths. Comparing
the results of the methods used, it was found that the resolution is higher with the inclusion
of XRD data than the other method, multimin.

Production zones (pay zone) were calculated by Geolog software and by defining specific
criterion for the studied well (Table 1) to identify productive zones include shale volume, po-
rosity and water saturation percentage. Generally, regarding all three factors, if pay zone only
have low shale volume, is called clean zone, and if they have good porosity in addition to the
less or absence of shale, it can be introduced as reservoir horizon. Therefore, due to the lack
of shale, there is a good condition in most depths of the reservoir. The stratigraphic column
of the studied well (Fig. 9) shows that this formation has good reservoir quality at most depths.
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Fig. 9. Final petrophysical analysis of the studied well using multimin method. Column 1: Gamma Log
(GR); Column 2: Neutron Log (NPHI); Column 3: Sonic Log (DT); Column 4: RXO Log; Column 5: Li-
thology; Column 6: Arab well zoning; Column 7: Well depth; Column 8: Water and oil saturation; Column
9: Water saturation: Columns 10 and 11: Resistance logs; Column 12: Pay zone.

6. Conclusion

By comparing the lithology results of the two methods used, it was revealed that the reso-
lution is greater with the inclusion of XRD data than the method without the inclusion of XRD
data. The XRD method has been better in identifying shale volume than the separation of
dolomite and anhydrite. Comparison of statistical parameters of standard deviation, tilt, cre-
taceous, median and mode values of porosity and water saturation in two methods with and
without XRD data is a sign of correlation and adaptation of the rate of change. Examination
of the lithology columns of the studied well without considering XRD data showed that this
formation is of good quality at most depths. Using neutron Cross-Density diagram, the domi-
nant lithological density of the studied well has been identified as dolomite. The thorium-
potassium crossplot used to identify the type of clay mineral showed that there was no illite
mineral. This was also confirmed by XRD data. The abundance of illite minerals, except for
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certain depths in the Arabian Formation, is less than 1% by weight. The presence of glauconite
indicates a shallow reduction environment. Comparing the results of porosity changes with
XRD data and without XRD data is proportional to the core changes, the values obtained by
the method with XRD data are closer to the values obtained by core analysis. Comparison of
water saturation based on multimuin and XRD ratios shows that there is a wide range o How-
ever, the frequency of water saturation with the exception of Arab Zone 1 (which is the lowest
in the XRD method and very small in the Multimine method), in the Arab Zones 3, 4 and 6 by
the XRD method, shows higher values of variation in all zones.
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