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1. Computerized Tomography Scan (CT Scan)
2. Nuclear Magnetic Resonance (NMR)

3. Inversion

4. Shear Wave Velocity (VS)

5. Pressure Wave Velocity (VP)

6. Elastic

7. Flow Units
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1. Multi-layer Feed Forward Neural Network (MLFN)
2. Radial Basis Function Network (RBFN)
3. Probabilistic Neural Network (PNN)



ol 3 Shndss

1348 o s bl ol s 5 ol ool Laels
Lo lasl o a s cwlon s i bgS smws olks
Sord g Sau—iS obml b G 5 (mlrals
plol gollay o s oo sloul wuus glaosls (o
Tae ol (S S5k oy, 5l gl ol 0 0,25
85 0 Hge el (bS5 il sl —
S S0 (6 jleml Wil (im0 Sy
2 AS d9be GbsS Joe anly (S Sk o
gl Jos loieds (alidiipny Joms S 5Lt
Sloyd slaosls L oyl awslie dy prw g a5l
155k Al WLl ¥ ISt 0g-h a8
ool gl ]y (Slles Glods & jg0ar Joo anly
Sl sl 5 olas olsal ) i el jo o
oz o dm Cad 1) (6999 slwosls ol age
S5 5l gl shole S5 (bl g (o z 359
ol A Ghyy ol (S0 0, ey
Sla gy 50) s g0 sl a S Cul &j5 o
48,5 00l 35 ((Sledbl bl 5 b )5 lis sos]
3591yt dmy Lopolz ;503 5l (g S0t L 9 95— o

Sy ca dSle ol o

e gl 0,5 ,5 Al lae

35 HD_6 ¢ HD_1 sl wol> ;5| 5, —S0,0s 3l So»
Srmdypeess S0t g SoBy olwlid e
W3l sy ol 3 el a5 5,90 sl o
bl lb.co 88 ), 8 o yp oy gloul
— g ) g sa e Ve Lo YO 5l Sledbl
3590 4o e Fean wac Ao S ST o,
sla S ol 5l s Fe e L glesl wisl Jselsu
Syl 55l sLmesls 5 il 51 oy sle )
o sl B 9 (Sge (S5 sl loges o
sloolz jo Ly "ails p mmal slaosls 5 Laol>
&l 5 55 Sey S5 >5e HD_7 5 HD_6
Loyl g 0j5—> e (699,5 slwools (g5lwosls]
9 =5 cle (5,80l slaosls a5 1> g
sehaie oy ale (Sley cmale glog,d slaosls
Olg—iedy Cils y mal sloosls 51 6,50 0 Lo
6,80l slmosls alod ¢ §as -l 2l S
SreSoste L ol 5l Gy et e gl ada> 4
G385 s (s (Gmlld) (Sima 0] 8
PPk el S 18 el 4 (Sen
S0 gl (iren 5 355 S fme
J=e 50 (e ghas slro) Jo) ol ol (- Silee

93,5 3,50 = ool

Y

Sala _Aalas

a5 e Jahe § da

el sy e

S A
.

Jae e a8 5

6] Jow b (18,550 a0,k 51 ko los ¥ S8

1. Check Shot Data
2. Reflection Coefficient (RC)
3. Model based Inversion
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1. Black Box

2. Multi-layer Perceptron (MLP)
3. Neuron
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1. Activation Function
2. Feed Forward

3. Regularization

4. Gaussian Function
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1. Basis
2. Smoothing
3. Parzen Window
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1. Distance Scale Factor
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Introduction

Porosity is one of the most important petrophysical
properties of reservoir rock. Nowadays artificial
intelligence is a mathematical tool based on parallel
processing that is widely used in the oil industry to
recognize nonlinear relationships, optimization,
quantitative parameter estimation as well as qualitative
parameter classification [1-3]. The most widely used
field of study of artificial intelligence using Acoustic
impedance is the estimation and evaluation of
petrophysical properties such as porosity, permeability,
water saturation, shale volume, water content and
thus the identification of flow units in heterogeneous
environments [4]|. The main purpose of this study is
to compare the accuracy and generalizability of three
conventional neural network models, namely Multi-
Layer Feed Forward Neural Network (MLFN), Radial
Basis Function Network (RBFN) and Probabilistic
Neural Network (PNN) in estimating porosity using
Acoustic impedance and other seismic attributes.
Nowadays, in addition to well logging data, 3D seismic
data are used for 3D modeling. Acoustic impedance is
one of the most important seismic indicators that has a
significant relationship with petrophysical properties,
especially porosity, and it is a bridge between
petrophysical properties and elastic properties |5,
6]. Seismic attributes are seismic information that
is generated directly and indirectly by performing
complex mathematical relationships on seismic data

Accepted: March/15/2021

[7]. As a result, extracting data from seismic attributes
helps in estimating the physical properties of reservoirs

[8].

Materials and Methods

This study is a database research that includes
geological data from 7 wells in Hindijan oil field located
in the northwest of the Persian Gulf. Hindijan oil field
is structurally a small anticline with a north-south
trend. The two wells HD 1 and HD_6 are considered
as unknown data based on their geographical location.
The purpose of using HD 1 and HD 6 wells is to
identify the accuracy and generalizability of the
desired models. In this study, Asmari Formation was
investigated. The number of information was 25 to 30
points.

Results and Discussion

In this study, three-dimensional seismic data were
used post stacking and the well logging data obtained
from this field. Porosity, acoustic and density logs for
all wells and check shot data were available only in
HD 6 and HD 7 wells. The first step in preparing
the input data was to constrain, because well logging
data are spatial in nature and seismic data are time
in nature. For this purpose, using well correction
data, as a time-depth function, all well logging data
were transferred to the time domain. Then, using the
manual adaptation process, an attempt was made to



increase the adaptation in order to place the reflection
coefficients in their correct place and also to extract the
mean wavelet to make artificial seismicity at the wells.
In this study, the model-based inversion method was
used to model the acoustic impedance inversion in
the entire 3D body of the Asmari Formation. In the
beginning, before selecting the optimal multiple
attributes, the input data for each well should be
studied and evaluated. Hence, the technique of
“Backward elimination” was used. This method how
it is that the wells mentioned above are ignored and
using other wells to estimate that well. In this study,
stepwise regression method was used to select the
optimal number of multiple attributes based on single
attributes. In this method, first, the single attributes
with the lowest porosity estimation error was selected
and then an attempt was made to search for the pair
of attributes with the lowest estimation error using the
trial and error method. This process continues until
the maximum number of attributes is reached. The
advantage of this method is the high processing speed,
but the loss of the best pair of attributes is one of the
disadvantages of this method which may have a high
error in estimating the porosity individually.

An artificial neural network, or intermediated system,

Petroleum Research, 2021(February-March), Vol. 30, No. 115

is an ambiguous computational system which modeled
on a biological neural network. The multi-layer feed
forward neural network, or MLFN, is a classical neural
network also known as a multi-layer perceptron (MLP)
network. The first layer in MLP is always called the
input layer and the last layer is called the output layer.
The layers between the input and output layers are also
called hidden layers, the number of which can be from
one to any value, there is a number of hidden layers
with the optimal number of neurons.

In mathematical modeling, the lattice-based function
network is an artificial neural network feed forward to
the radius-based excitation function, which is based on
the theory of regularity and uses the Gaussian function
as the main excitation function, which uses distances
as a “spatial indicator” [9]. The probabilistic neural
network (PNN) is a neural network that also acts on
data by applying the Parzen window. The PNN network
can always be used as a fast and reliable method for
estimating continuous or discontinuous data as well
as for determining the relationship between input and
output data [10]. As mentioned, the inversion method
used in this study is model based inversion. The result
of evaluating the modeled data relative to the real data
and a view of the modeled acoustic impedance section
at the HD_5 well can be seen in Figure 1.
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Fig. 1 View of the modeled acoustic impedance section in the HD_5 well.

Conclusions

In this study, the MLFN network had the weakest
performance because it recorded the highest error
and the lowest correlation coefficient (Tables 1 and
2). Despite the better PNN correlation coefficient,
the RBFN network had higher accuracy in estimating
porosity in the HD 6 well. The RBFN network had
a good and acceptable performance in estimating the
porosity in the interpolation section, but its partial
extrapolation made this network excellence and shows

the high power of the network in identifying the trend
between its various parameters and its generalizability.
This network should be considered as the best network
for extrapolation between these three networks. The
PNN network had the best performance in estimating
porosity in the interpolation sector, which can be
considered the most reliable network for interpolation
studies, but in the extrapolation sector, it had less
estimation power than the RBFN.



Table 1 Function of networks in estimating well porosity

HD 1.
Method RMSE correlation coefficient
RBFN 0.0199084 0.899568
PNN 0.0198960 0.917815
MLFN 0.0271974 0.863017

Table 2 Function of networks in estimating well porosity

HD 6
Method RMSE correlation coefficient
RBFN 0.0524825 0.622404
PNN 0.0637268 0.7104735
MLEN 0.0769302 0.4087335
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