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1. Total Organic Carbon (TOC)

2. Expulsion

3. Artificial Neural Network (ANN)
4. Back Propagation (BP)

5. Metaheuristic

6. Stochastic Search
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1. Genetic Algorithm (GA)

2. Particle Swarm Optimization (PSO)
3. Dezful Embayment

4. Underground Contour (UGC) map
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1. Rock-Eval Analysis
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1. Institut Frangais du Pétrole (IFP)
2. Pyrolysis

3. Node

4. Weight

5. Weighted Sum (WS)

6. Bias
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1. Multilayer Perceptron (MLP)
2. Feedforward
3. Supervised learning
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1. Selection

2. Crossover

3. Mutation

4. Local Optimum

5. Swarm Intelligence
6. Personal

7. Global

ool az 3ol awles ol mally (lesea
O3l 3l Al (90 g (Bolal & jmoay (i ly
o ol 8l Ozl Jlsia! Ll caul 0 ds 1Sl 5
Slas Jlaclols aales oS 1) sin Sassl,
ot as ala gy oy d S5 adlss sl o
Dyt sz (Pm) g Jloizlaa oo
(ot o Jloosl 5l Bun 00, F o Solas
il slacler L Lapgises S 50 g5 Al
RO A EONPUE SVIIPN NP g - i1 U S CES Y
Sy 0l Lo sz b el
byt 35 ol L g (e joboar (%00
s s e iz Sl ey S35 o 5N
L»Lg)_w‘)md\_u.e‘ai_u).(u a_wl.: d— g 03— \)_io.m
Yol as) aalys (bl cme o G5l o e
Irs

@3 plodjl g jlwdine oh 59X

Gl a5 Olyd plool glawaigy o, o
50 sl oo oolgs o’ ez iy psphe
Gtz oo (5,8 glaey oSl o

oz j0 2




Ol od o (Ao Jowy dumw

oS sime IS ol

L - = "
Ppest,i) o osdya o i

3 e .
(Ghest) &yl Soxisn cpyigp

t+1 _ ot t

v{*t = avf + cry(Pleses
t+1 +1

Xt = xt +vf

adgl o8 o g

¢ ¢ ¢
—xf) + €213(Gfose — x)

VT (PSO) &y plosjl (g3lmainge i o5l 50 Ol ConaBsn g atyuw (Slas 39 0926 ¥ S

Gl 5o oo Gk LSS e s Hlade
N B I T e
LEV] el Sl

Sl )N g (g pas S S S
& Bl

=500 Wb S8 ;S 4SS e boles
Gilwtingy jelateds )il sl Sl
P —sshas ae aSeb slaubl 5 Loy
Lo by el oy oo 55—l ol p b
atloxr 5l pLaalS o (e Jo—one slap ;5N
e el )3 6 =5)1R g (=l S e b Co
O Sl o 89y o=l o il Sy b | (e
sl )il egiae ras aS b Al LBl
L olyd ploojl 5 St ot oSl asile (g, l820l,8
DS oo B eolai il 850 A b jg—el Bun
sas Sb slaabl g Lagy g bl g baie (oo
Sldes (s g G (B0l j3 by (egian
3 68l o s sl esliwl Ly (g5lwanege
s Loiy J5 ol ;Ska d oS o d slad s

1. Inertia Weight

2. Cognitive

3. Exploration

4. Exploitation

5. Inertia Weight Damping Ratio
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Introduction

Developing efficient methods to evaluate the petroleum
potential of a source rock is of great importance
for reducing the risk of oil and gas exploration. In
recent years, qualitative and quantitative prediction
of organic geochemical properties (e.g. total organic
carbon) from well log data has been taken into
consideration. For this purpose, a variety of empirical
and artificial intelligence-based techniques are
proposed [1,2]. Artificial neural network (ANN),
which is a powerful computational technique capable
of solving multivariate nonlinear problems, has been
widely used in various research areas including
petroleum exploration [3]. The learning process in
ANNs is commonly performed by gradient-based back
propagation (BP) algorithm. However, this technique
is mainly suffered from the slow convergence rate and
getting stuck in local optima [4]. Therefore, in order to
improve the training of neural networks, metaheuristic
algorithms have been efficiently applied to many
problems [5].

In this study, which is performed on the Pabdeh
Formation (Paleocene-Oligocene) in Mansuri oilfield
(Dezful Embayment, SW Iran), artificial neural
networks trained by back propagation as well as
metaheuristic algorithms, including genetic algorithm
and particle swarm optimization, are separately used
for prediction of total organic carbon content and
remaining petroleum potential from wireline data.

Accepted: February/02/2022

The most efficient method is then used for continuous
estimation of organic richness and kerogen type with
a high resolution.

Geographic and Geologic Setting

Dezful Embayment (SW Iran) is a relatively small
depressed area extending over 60,000 km2, in which
almost all the oilfields of the Zagros Fold-Thrust Belt
(ZFTB) are situated. It is separated from the adjacent
areas by Balarud, Kazerun, and Mountain Front Fault
Zones. The Mansuri oilfield is located in the northern
Dezful Embaymen and extends parallel to the NW-
SE trend of the Zagros orogenic belt. One of the main
source rocks in this area is considered to be Pabdeh
Formation (Paleocene-Oligocene). This source rock
is able to charge the Dezful Embayment reservoirs,
especially Asmari (Oligocene-Miocene) Formation,
where it attains appropriate thermal maturity [6].

Materials and Methods

In this study, a suite of 75 drill cutting samples were
collected from Pabdeh Formation in nine wells
penetrated throughout the Mansuri oilfield. Drilling
additives were first removed from the samples. Then,
the treated samples were crushed to the size of 80-mesh
(0.180 mm). About 70 mg of each pulverized sample
was weighed and analyzed by Rock-Eval 6 apparatus
to determine their total organic carbon (TOC) content
and remaining petroleum potential (S,) parameters.



Genetic algorithm (GA) and particle swarm optimization
(PSO) methods are among the population-based
metaheuristic algorithms, which are able to optimize the
weights and biases of the ANN during the learning process
iteratively [7]. In this study, a three-layered perceptron
artificial neural network was designed to predict TOC
and S, Rock-Eval derived parameters from responses of
the sonic (DT), neutron (NPHI), density (RHOB), and
spectral gamma-ray (SGR) well logs. The dataset used
for developing the ANN model was initially divided into
training (70%) and testing (30%) sets considering the
geological and geochemical characteristics of the studied
formation. The data were then normalized to lie in the
range [-1, 1]. The number of neurons in the hidden layer
was set to six, and the tansig and purelin transfer functions
were used in the hidden and output layers, respectively.
In order to train the constructed artificial neural network,
the Levenberg-Marquardt back propagation (ANN-
BP), genetic algorithm (ANN-GA), and particle swarm
optimization (ANN-PSO) methods were separately
applied. The Performance of the neural networks during
training was evaluated using mean square error (MSE).
In both GA and PSO metaheuristic algorithms, the stop
criterion was reached after 100 iterations.

Results and Discussion

In order to evaluate the performance of artificial neural
networks applied in this study for the prediction of organic
geochemical variables from the well log data, root mean
square error (RMSE) and coefficient of determination
(R?) parameters were used. Comparing TOC and S,
values measured by Rock-Eval analysis and those
estimated by the artificial neural networks represents the
higher efficiency of hybrid ANN models (ANN-GA and
ANN-PSO) relative to ANN-BP technique (Fig. 1).
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Fig. 1 Correlation of the measured and predicted TOC (a)
and S, (b) geochemical parameters for the test data.
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Overall, the ANN-PSO method provides more
accurate predictions of TOC and S, parameters with
R?values of 0.8548 and 0.9089, respectively (Fig. 2).
This is in accordance with the lower RMSE values for
estimation of the mentioned geochemical parameters
using this technique.

Subsequently, the hydrogen index (HI) parameter
was properly calculated based on the relationship
between TOC and S, values derived from the ANN-
PSO technique with an R? value of 0.6882. Generally,
the kerogen types I, II, II/III, III, and IV can be
distinguished with HI values of greater than 700, 400-
700, 200-400, 50-200, and less than 50 mg HC/g TOC,
respectively [8]. Accordingly, the ANN-PSO derived
HI values in this study made it possible to differentiate
various kerogen types with a classification accuracy of
74 percent (Fig. 3).
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test data.
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Geochemical zonation of Pabdeh Formation from
organic richness and kerogen type points of view
indicates three distinctive parts. The middle part in
this formation, which is called Brown Shale Unit
(BSU), demonstrates the higher petroleum generation
potential by having the greater TOC and HI values and
is mainly composed of marine type II kerogen (Fig.
4). The BSU is consequently capable of generating
significant amounts of oil and gas where it experiences
appropriate thermal maturity.
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Fig. 4 Geochemical zonation of Pabdeh Formation in one of
the wells of Mansuri oilfield based on the ANN-PSO derived
TOC and HI parameters.

Conclusions

Comparing the performance of computational ANN-
BP, ANN-GA, and ANN-PSO techniques to predict
TOC and S, geochemical parameters from wireline
data for Pabdeh Formation in Mansuri oilfield (SW
Iran) represents the higher accuracy of the ANN-PSO
method. Three distinctive parts are revealed in Pabdeh
Formation based on the organic richness and kerogen
type characteristics inferred from ANN-PSO derived
TOC and HI (S,/TOC x 100) parameters, respectively.
Among them, the middle part (Brown Shale Unit, BSU)
is dominated by marine type II kerogen, and represents

more potential for hydrocarbon generation. Overall, it
can be concluded that the ANN-PSO model designed
in this study can be efficiently applied to evaluate the
petroleum generation potential of the Pabdeh Forma-
tion; and therefore, it is able to enhance the accuracy of
petroleum system modeling in the studied area.
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Nomenclatures

HI: Hydrogen index

MSE: Mean square error

PSO: Particle swarm optimization
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