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Estimation of permeability values using artificial neural
network based on static reservoir modeling; a case
study at one of the Persian Gulf Oilfields

Mehran Rahimi'?, Mohammad Ali Riahi®*
1. Department of Petroleum Geology and Sedimentary Basins, Faculty of Earth Sciences, Shahid
Chamran University of Ahvaz, Ahvaz, Iran.

2. Department of Earth Physics, Institute of Geophysics, University of Tehran, Tehran, Iran.

Abstract

Permeability is one of the important parameters in reservoir petrophysical studies, and
evaluation of this parameter can be used as a key tool in the oil field's development. The main
aim of this study is permeability estimation and modeling of the Upper Surmeh Formation in one
of the oil fields in the Persian Gulf. The Surmeh Formation with Jurassic age is considered as one
of the most important oil and gas reservoirs in the Persian Gulf basin. In this study, we have used
petrophysical well logs and 3D post-stack seismic data in the permeability evaluation process.
The structural reservoir model has been prepared using the interpretation of seismic sections and
well logs in the reservoir section. This model includes the interpretation of fault surfaces, geocell
networks, and reservoir horizons. The geocell network used in this study used columns and
geocells with dimensions of 50 * 50 meters in the X and Y directions. The thickness of the
geocellular layers of each reservoir zone is designed to fit that zone in the reservoir section. The
values permeability estimation was performed using the artificial neural network with a back-
propagation algorithm and the performance of the estimated values has been evaluated using the
K-Fold method. The results obtained from the artificial neural network were generalized in the
studied reservoir well logs. The correlation coefficient value obtained from permeability
estimation values with drilling core data is equal to 88%. Comparison of geostatistics results with
permeability value shows that the proposed methods can provide acceptable results for reservoir
permeability modeling.
Keyword: Geostatistic, Artificial Neural Network, Back Propagation algorithm, Surmeh

Formation, Geocellar network.

*Corresponding Author: mariahi@ut.ac.ir


https://gnf.khu.ac.ir/article-1-2771-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-25 ]

AN \\c" uw)sfub“/ O)Lo.w‘vb @))‘Pw)ﬁ#

(o ls olSils psle 2 ,25)

dodo

03,5 bzl 515 5 i BLasST gla by, anmss o (s0l; DY« i glwos sl B 5l (6l o sl Lol il

oS Skl jshaie 4 (f)S9,0ee (35 (2l sla b, 5o soas (gt Sla ity Arsl 5 (51T Lyl L]
Codgaze | (S Glaie a4 xda pj Sledbl 4y pw s DT el osls zalial 1, S ol )0 D990 (S g 0
Sy axwgi 9 SELL )3 poe B (Suide sy Sleogad Cwl (3P (Soiderh Sliogas Olillhs 3 Lol
7 b prtins 5b 4 a5 OF (Sudeledl s J5low oyl Jols (S35 Sloogas o it o35 (o0 ol 35 (25
Olosige @l 2lsl5 nolie )51 s 4 (sl ol 0,505, 50 IV] sl BLsf 5o Jlow 5 S 55 2y (2,5 ,000
piians gy 4 2aalejT (sla by, 5l eolinal b Jol oS, Iv] 3,05 925 (y3Fe o e 5 dgi Al 50 s
oolie palins é jobb 4y al> 950 sla 5 glaosls jleslainl b S50 8 S0, 9 058 0 ails (g la> ojre slaosls
4 Geoe 550k g (oras SlaaSed atle AL (e dhedign Dlewle slagby; 0jg el Wighioe (b3 2yl
50 b Sldllas [Y] IF] el as 3 13 518 5 s Canio udiis a g5 3,90 Vb Co b Plue Jo oUlys Jdo
Sl Pl eTesmn) Sloales ) 5 soyimn (ome A5 gy o0liil b (Soiaby iy olie (raaid 5 b o3>
o bLo )l i mem b (egian (omae aSis 8] 0] cunl sael cans 4 Sldllas opl o Jgd BB mbs oS
BN (Soran orac A by O3l p o0 (59935 SWosls (rm )3 Hlai 3550 el polie (reeS 4y (635,9 Slaosl
2 S Sluogas eduzy Jl g (ot e Ll WilgF o (58950 polie eSS gl eolitul 5 50 sla by, ple
sl 5 el Slagigy 3P Sliogas byl GloSaSs G pael s 5l (Ko VT o] aes plas ) Sles Jos
ol a5 5l o jeie 53 cal sl el g 9l (pols (e Jislo b g ol (Stwser Gi5e Slogas
Sl sy B (g 59 DL adgr 5 uiions o a Syen by 5 L slaosls (s o815 & 4255 b o 3,0
sy gt Sl 5l el tlad e e [3] AL azil e 35me 5 Seeba i slo il s e
S ooliil ol (oS5 eizan 5 (g lix oo wglog,) ool alax 5 Sglite plis | cilize ledl 5l a5
(5 3l g malS sl i agi oyl 5ee S5et glyr Loyt 0 e 3l ooliial b Wil o 35 (63l Je
ol e [l aes Gl s seS b gly S5 B8 solail Jow G oobm) 4SS g 55 0 Sles i
cs’YL’ 4oy ")“;)'L" ns’-‘ﬁ‘)s )7‘-‘>L§‘° ] LQ‘J:’ \)l‘i“:‘;‘ o Wli)ﬁi” L SEFan (smas A o9y Y )" oolazl b caslllas
Solelor; sl g, 5leslatwl b oyl polie cress 5l ol zuls ol oo ooliiw! (w,lbmds o b ylowe S5 50

Sl 00 o0ls p...o.su @‘9‘)" )JJL(LA ‘5)LMJJ\.\.A J?‘).n B

1 Back Propagation Artificial Neural Network


https://gnf.khu.ac.ir/article-1-2771-fa.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-25 ]

Yof vy &S5 b egian mae oSG jloslaial b olgl 5 polae yuess

axdllan 2590 (oo (ol (o
Ol 555,560 49> (i Olpear (o lmds oo 18 G ligls adlaie (s adlae 950 85 Gl
S50 (ol bl o Goylils ad9> (nl oSl ST 5 6T g edezy Sl 05 o Sl
o0 Bgls ads 53 (3P S ke Ole 4 (@YU Sl a5 o b ey il [V T il ot dilaie 3 555
alid Glez i ol IS5 5l (S plee @ plse 50 @ly I8 e 53 wile al N sg e aslis
D53l ol ansl o0y ol yio FYY Caslieds by (Glond yod oo ogiz) doygms 085 10 Wi il el ke .08 o
any9m 23l (il 0 IVYT 0Bl go Jud 5l slaa¥lo Jols a5 sl Cunglys 5 (iraglys Sl (slocSins 51 JSie
S gy G a5 310 5158 Eed Wil ) Bgeds edguze ;5 e g Wile (SBgE i ol 18 Gy Wil s,
DY sl o ool b Sal JIg 5l JSiie lase cl 58 doygm 23jle SBe8 i i8S oo Lisl doygms 235les (sl 1,
Lol 5395 o0 (S g0 ez 4 o bS50 (Vb Slyg5 o b T wisle Jolae) a9 il JIgs
ol o 35e oy Elyeis V] 55 )15 Bl sS 6l Y ot 4 00,58 il sl i b baguie 51 Sy o
s 39 55 Sy ol et Lol 4181 (500 A 0 (Sajedg iy Dlaogas SIS 5 gege i 3l
e 9 293 —Jled Wigy 9 05 cod b slacnz ()l &5 (050 9)) (08 ambo (LS gl S Sl (LS
Wload Jloiuer 1) (SiFe Sliga) &5 328 09z 0p8 Jlod W9, b 0515 (59,97 ez (o515 ¥9)) 6,500 b
Srd 5 eed Goley 5o ead LSS Glagaik (naiz 5l (e adllas 9550 (laee letSle ( SeSS L

ol 4385 18 3l o o5 gla S Lot a5 S g0iS gl LS Lo SIS 5 o0gs a8 eyl oleS

EARLY AGE and SEQUENCE KUWAIT SAUDI ARABIA ( BAHRAIN ‘ QATAR UAE \ OMAN
CRETACEOU L =
8 LzA14 SULAIY HABSHAN SEQUENCE 1
HH HITH
Lza1.3 4 1stAnh —Salt
TITHONIAN ArabA QATAR I [] A
< 2nd Anh —Salt
L«
iz [ 5 £imbE QATAR Il [ 2 HeAp
w 15} =
p 3 3rd Anh—Salt ArabC g c
g LzA14 | QATAR il [ ¥
o 4th Anh—sal
e = ArabD. D
_ FAHALIL IV )
” KIMMERIDGIAN | LZA4.6 JUBAILA JUBAILA
LZA41 DE DIYAB(DARB; DIyan
@ OXFORDIAN 01ZA45 NAJMAH HANIFA ) (UKHAN) HANIFA
< p— — TUWAIQMOUNTAIN UpperAraej TUWAIQMT
CALLOVIAN Upper Dhruma DHRUMA Uvainat
& 2
w 2 ? 2
4
S 8 [ eamonan ZA22 Middle Dhruma Lower Araej DHRUMA
g DHRUMA Dhibi Lst DHRUMA
E H LzA21 : IZHARA UpperMafrad
BAJOCIAN LZA11 Shale Marker.
RS~ T
A
UAB 4.4 Upper Marrat
B »
> TOARCIAN o MARRAT MARRAT 1ZHARA
z UAB43 Lower Marrat
w
LATE TRIASSIC ‘ UAB 1.1 ‘ MINJUR [ Lower Mafraq

Iyl oBEdS o S 50 Sl g 0590 (wlbchaius (yesiw ) S
Figure 1. Jurassic stratigraphy chart in the Persian Gulf [11].
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Figure 2. The flowchart illustrating the steps involved in this study.
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Figure 3. Schematic of artificial neural network with a back-propagation algorithm with a hidden
layer.
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Table 1. Correlation of drilling core values and petrophysical well logs in the studied oil field.
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Table 2. Segmentation of artificial neural network input data.
(SE P (ol a5l (6899 B0SIS (G Y Jgua

03ld ac gosxo ©°9)9 03lo dluwy
o‘."aj,.oT Y#f.
&.Lnji AN

G’&M»)Lu.c' AN

—  Training data set

Validation

——  Test

oolawl! J),.o ‘sCQ-:uM ‘;.MAC ‘\Lﬁu‘i )é K-FOld LS'?"’J)‘ )Lc.';Lw Ad JS-w
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Figure 8. Shows the estimated permeability values in wells of the studied oil field.
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Table 3. Results of variography and anisotropy of reservoir permeability values.
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Figure 11. Histogram of permeability values using geostatistics methods, a) co-kriging, b) sequential
Gaussian simulation, c) kriging.

(o (el

(®
(oo (g5 (63 lwdand (@« Souzm 595 (A (ylol (o) gy 5l eoliiwl b (219l prolio (amsdms Jow I i
Koo S (7

Figure 12. 3D model of permeability values using geostatistics methods, a) co-kriging, b) sequential
Gaussian simulation, c) kriging.
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Figure 13. The relation between porosity and permeability of the upper Surmeh Formation.
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Extended Abstract

Introduction

Increasing demand for the exploitation of petroleum products has led to many changes in the
development of oil and gas exploration methods. Advances in technology and the development
of new numerical methods in evaluating hydrocarbon reservoirs to estimate the hydrocarbons
present in oil fields have increased [1]. Access to subsurface information is one of the main
limitations in studying the petrophysical properties of the reservoir. Petrophysical properties play
an important role in recognizing and developing reservoir assessment methods. The most
important reservoir properties include permeability, porosity, and water saturation, directly
related to the volume of hydrocarbons in situ, rock type, and fluid flow [2]. There are two main
approaches to obtaining permeability values for petroleum engineers [3]. The first approach uses
laboratory methods to examine the drilling core data directly, and the other approach uses indirect
data to evaluate the permeability values using well logs. Nowadays, network-based intelligent
computing methods such as neural networks and deep learning have been considered by oil and
gas industry researchers due to their ability to solve high accuracy problems [4], [2]. The recent
studies in the field of analysis and estimation of petrophysical values have been performed using
artificial neural network method and geostatistics methods evaluations, which have obtained
acceptable results in these studies [5], [6]. The artificial neural network estimates the input data's
desired parameter values by determining the best relation between the input data. One of the most
efficient techniques for the evaluation of reservoir properties is geostatistics methods. Reservoir
properties have a special spatial correlation or spatial structure, and a statistical context is an
efficient tool for these types of variables. The reservoir model demonstrates network-based
mathematics that uses a variety of data from different sources, including seismic data, drilling
core data, and well logs. Reservoir modeling can use the available data to improve oil and gas
production, predict reservoir performance, and help create an accurate reservoir economic model
for oil companies [19]. In this study, an artificial neural network method with a back-propagation
algorithm has been used to estimate the permeability values of the Upper Surmeh Formation in
one of the Persian Gulf oil fields.

Material and methods

In this study, all available information include geological and geophysical data in this field has
been collected. The area of exploration operations in this field covers approximately 97 square
kilometers. The 3D seismic data was used after the eruption at a sampling rate of 4 milliseconds
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in SEGY format. The structural interpretation of this field has been made using seismic data.
Evaluation of permeability values and the static model has been performed using petrophysical
well logs. The construction of the permeability model in this study consists of two main parts.
The first part of this investigation estimates the permeability values in well location where
permeability values are not available. The second part includes the structural modeling of the
reservoir and data analysing of reservoir model networks. Structural modeling consists of
interpreting faults, geocell networks based on the fault model, and making seismic horizons and
layering. The study aim is analysing and processing petrophysical data and constructing a static
model of reservoir properties. The flowchart adopted in this study is shown in Figure 2.

Results and discussion

The first step in the estimation of permeability values is to enter the neural network. The data
set used in this step is seven wells in the studied oil field in which one of these wells has drilling
core data. Table 1 shows the correlation coefficient value of the neural network input data, which
should be used to define the sample weight. Neural network input data include gamma-ray (GR),
effective porosity (PHI-E), specific gravity (RHOB), water saturation (SW), and shale volume
(VSH). Table 2 shows the data used in the neural network as well as how to divide this data into
different parts of the network (training, testing, and validation). The designed neural network
consists of five input neurons, ten intermediate neurons, and a single output. The learning
algorithm adopted in this research is of the supervised type in which the maximum number of
repetitions and the acceptable error rate are set at 150 and 10%, receptively. In this study, the K-
Fold algorithm was used to evaluate the designed clusters. The K-Fold method is a model
evaluation method that determines how generalizable and independent the statistical analysis
results on a data set. This method is especially used in prediction applications to determine how
useful the model will be in train. The K-Fold method was used to evaluate the performance and
accuracy of the artificial neural network. Figure 4 shows the estimation value in the fifth folder
with high performance, and this method can confirm the accuracy of the case method.

In this study, three methods include kriging, co-kriging, and Gaussian simulation have been
used to model the permeability values. The kriging method is one of the geostatistics techniques
due to smoothing effects on raw data and eliminates subsurface structure trends. The kriging
method alters the data’s initial distribution, which is not compatible with the complex structure.
Sequential Gaussian Simulation (SGS) methods do not change data distribution before and after
estimation consistent with geological reality. Simulation methods have a higher degree of
reliability than the kriging method for estimating petrophysical values due to their increased
ability to solve problems that have many unknowns. This method can provide acceptable results
for displaying large changes in data in repositories with complex geology. The co-kriging method
is one of the geostatistics methods using secondary data to increase petrophysical value estimation
accuracy. Permeability modeling based on a volumetric model and geocellular networks is used
to describe reservoir properties. The geostatistics simulations can be used to generate data
consistent with a highly correlated regional variable. In this study, permeability data were
processed and modeled using geostatistics methods. Figure 12 shows 3D permeability models
using kriging, co-kriging, and Sequential Gaussian Simulation (SGS) algorithms. As shown in
the permeability model using the kriging method, the values are affected by smoothing. This
model shows a very low variability that this display is not compatible with the reality of the earth
due to changes in input values. The model obtained from the Sequential Gaussian Simulation
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(SGS) method shows high variability, which can be an acceptable model due to the reservoir
complex structure. In this study, porosity values have been used as a secondary variable for
modeling using the co-kriging method (Figure 13). The degree of convergence of the model is
directly related to the degree of correlation between primary and secondary parameters, which
can affect the model's accuracy. The secondary variable enters the model calculations so that the
final values do not depend on the geological structural features' value. One method of evaluating
the model is to compare values using a histogram. Validation of permeability data is performed
by the cross-section method. In this study, considering that the model's input data are the results
of the output of artificial neural network values, it is necessary to evaluate the accuracy of the
model's input values .

In general, the accumulation of samples in different geostatistics methods shows that two
general trends are observed in the data. The trend of near-zero permeability values is observed
that there is a possibility of the presence of low-energy facies sequences and between anhydrite
layers, and an increasing trend in permeability values is evident under the influence of geological
structures such as faults and fractures.

Conclusion

In this study, estimating and modeling of the permeability values using an integration
geostatistics methods and artificial neural network with the back-propagation algorithm in one of
the Persian Gulf oilfields has been investigated. In the artificial neural network with the back-
propagation algorithm, was used well logs include gamma (GR), effective porosity (PHI-E),
specific gravity (RHOB), water saturation (SW), and shale volume (Vsu). The correlation
coefficient values of each of the input data have been used for initial analyses. The K-Fold method
is used in each stage of the estimation and in the fifth stage has the highest performance and
performs the estimation algorithms. To evaluate the performance of the values obtained from the
artificial neural network with the drilling core data in well W-01 shows a correlation coefficient
of 88%. This value indicates the artificial neural network's performance and accuracy for
understanding the relationships of subsurface data. In the study, five large faults and four smaller
faults have been used to prepare the reservoir structural model. The general trend of faults in the
study reservoir is northwest-southeast and northeast-southwest. The 3D permeability model using
geostatistics methods including kriging, Sequential Gaussian Simulation (SGS), and co-kriging
are evaluated.

Keywords: Geostatistics, Artificial Neural Network, Back Propagation algorithm, Surmeh Formation,
Geocellar network.
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