[ Downloaded from gnf.khu.ac.ir on 2026-05-18 ]

[ DOI: 10.22034/KJES.2023.9.1.105171 ]

Vol. 9, No. 1, Spring and Summer 2023, pp. 95-115 ISSN (Print): 2538-449X ISSN (Online): 2981-1619

Research Article
OPEN(+ ) ACCESS

e Kharazmi Journal of Earth Sciences
Cotis on\¥ Journal homepage https://gnf.khu.ac.ir

Determination of the heterogeneity index based on petrophysical and image logs in the Sarvak
reservoir of an oilfield located in the Dezful Embayment

Vali Mehdipour?, Ahmad Reza Rabbani?*, Ali Kadkhodaie®

1. PhD student, Department of Petroleum Engineering, Amirkabir University of Technology, Tehran, Iran
2. Professor, Department of Petroleum Engineering, Amirkabir University of Technology, Tehran, Iran
3. Professor, Earth Sciences Department, Faculty of Natural Sciences, University of Tabriz, Tabriz, Iran

Article info Abstract
Article history In this study, the heterogeneity of the Sarvak reservoir in an oil field located in the
iiggg’éﬂ ilsiﬂééizefzozs Dezful Embayment was studied. The occurrence of heterogeneity is primarily
Keywords: attributed to various geological factors in carbonate formations, including the Sarvak
'Cg::;ozgsegggfyf*iciem Formation, resulting in significant impacts on petrophysical and other reservoir
Image log, ' characteristics. The heterogeneity index can be calculated using conventional
Sorting index, petrophysical logs or advanced FMI image logs from petrophysical point of view.

Sarvak Formation.

Heterogeneity index was calculated in this study using two methods across two wells.
The index was measured using conventional methods such as DykstraParsons
coefficient, Lorenz coefficient and coefficients of variations of porosity and
permeability based on conventional logs. In contrast, the second method used FMI
logs to obtain the index by calculating the sort index as a measure of heterogeneity.
Based on this study, there is a high correlation coefficient between the coefficients of
variations of porosity and permeability and the Lorenz coefficient with the image log
index in the two studied wells (up to 60%). This study indicated the LSB2 zone has
the lowest heterogeneity value while the LSG zone has the highest heterogeneity value
in this field based on sort index of FMI log. The heterogeneity found in this reservoir
is primarily due to diagenetic processes.

Introduction hydrocarbon  recovery from  petroleum
The study oil field is located in the northern reservoirs (Fig. 2). In this study, the

part of the Dezful Embayment, a subdivision
of the Zagros fold and thrust belt (Fig. 1). The
formation in the study area is divided into
three zones, including Upper Sarvak, Ahmadi
and Lower Sarvak, which are further
subdivided into 20 subzones. Heterogeneity is
a very important factor in reservoir static
modeling, reservoir simulation, and defining

heterogeneity index was calculated using
conventional petrophysical logs and advanced
FMI image. The index was measured using
conventional methods such as Dykstra-
Parsons coefficient, Lorenz coefficient and
coefficients of variations of porosity and
permeability. The results were compared to
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one another in order to assess the correlation
between the two methods implemented.

Fig. 1. Approximate location of the studied field
in Dezful Embayment.
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Fig. 2. Generalized chronostratigraphy of the Cretaceous successions in Zagros and nearby regions (Motiei,

1993)

Material and methods

In this study, two methods were used for
Heterogeneity analysis. Initially, a sort index
was calculated from the image log using
histogram statistics, and then Dykstra- Parsons
coefficient, Lorenz  coefficient  and
coefficients of variation of porosity and
permeability indexes were calculated based on
conventional porosity and permeability logs.

The coefficient of variation is a
conventional method that compares the
standard deviation to the mean value of
specific data. The zero value represents
homogeneity, although, there is not maximum

96

value indicating extreme heterogeneity. The
Lorenz coefficient provides a graphical and
numerical index ranging from zero to one
indicating the homogeneous intervals (zero)
and maximum heterogeneity (one).

The conventional Dykstra-Parsons
coefficient as well as the variation of Dykstra-
Parsons (VDP) are calculated based on
permeability variation. The value of the
Dykstra-Parsons coefficient ranges between 0
to 1. To characterize the heterogeneity index,
Dykstra and Parsons suggested the following
equation.
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(ki—k)?
5= [Cck? (1

Vk — kso—kga.1 (2)

kso
Where, Kkso and kss1 represent the

permeability values with a probability of 50%
and 84.1%, respectively.
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Fig. 4. Reservoir heterogeneity ranking based on
image log heterogeneity index in well 2.
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Fig. 3. CV of porosity vs. Sorting index plot.

Results and discussion

This study indicated that the LSB2 zone
has the lowest heterogeneity value while the
LSG zone has the highest heterogeneity value
in this field based on sort index of FMI log.
Additionally, the study reveals a high
correlation  coefficient ~ between  the
coefficients of variations of porosity and
permeability and the Lorenz coefficient with
the image log index in the two studied wells
(up to 60%) (Fig. 3). Another finding of this
research is thatthe LSB2 zone has the lowest
heterogeneity value while the LSG zone has
the highest heterogeneity value in this field
based on sort index of FMI log (Fig. 4).
Diagenesis processes are the main reason of
the heterogeneity in this reservoir.
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Conclusion
The coefficients of porosity variation and
Lorenz coefficient have a high correlation
coefficient with the sort index of image logs.
Dykstra-Parsons coefficient does not show
a clear correlation coefficient with the sort
index of image logs.
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Fig. 1. Approximate location of the studied field in Dezful Embayment.
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Fig. 2. Stratigraphic chart of the Cretaceous successions in Zagros and nearby regions (Motiei, 1993).
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Table 1. Heterogeneity indices for sorting index of the image log and CV of porosity and permeability logs and
Lorenz coefficient (US: Upper Sarvak, LS: Lower Sarvak)

Sort index CV of PHIE CV of PERM  Lorenz coefficient
Well #2  Well#4  Well#2 Well#4 Well#2 Well#4  Well #2 Well #4
US1 * * * 0.188 * * 0.204 0.143
USA2 * 0.079 0.471 0.206 0.992 0.145 0.681 0.117
NNS * 0.052 0.693 0.233 0.807 0.167 0.365 0.249

USB1 0.400 0.031 0.278 0.217 0.574 0.182 0.610 0.177
USB2 0.670 0.102 0.507 0.350 0.464 0.227 0.300 0.304

USC2a 0.373 0.150 0.276 0.752 0.274 0.306 0.113 *
usC2b * 0.037 * 0.147 0.316 0.104 0.148 0.156
USCla 0.985 0.051 0.999 0.254 1.786 0.198 0.166 0.25
USC1b 0.489 0.147 0.175 0.859 * * 0.576 *
LSA1 0.360 * 0.434 0.000 0.186 0.289 0.087 0.162
LSA2 0.299 0.093 * 0.107 0.695 0.077 0.554 0.157
LSB1 0.356 0.117 0.256 0.373 0.213 0.267 0.148 *
LSB2 0.261 0.087 0.079 0.078 0.411 0.076 0.402 0.255
LSC_D 0.343 0.072 * 0.321 0.195 0.216 0.238 0.116
LSE1 0.572 0.021 0.257 0.080 0.579 0.058 0.237 *
LSE2 0.402 0.093 0.285 0.475 0.281 0.348 0.155 *
LSF 0.618 0.066 0.544 0.139 0.404 0.104 0.337 0.216
LSG 0.988 0.029 0.479 0.221 0.675 0.164 0.352 0.136
LSH 0.509 0.077 * 0.194 1.329 0.176 0.767 0.285
Kazhdumi  0.637 * * 0.982 * 0.585 * *
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