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Introduction

Accurate identification of hydrocarbon-containing
locations is considered one of the most important
exploration steps to reduce the cost and increase the
efficiency of the extraction and exploitation process of
subsurface oil and gas. Traditional methods are usually
very time-consuming and, despite the high cost, have
the lowest coverage [1]. The progress of geophysical
methods, especially the estimation of geomechanical
parameters such as Young’s modulus, bulk modulus,
and Poisson’s ratio using seismic data, has not only
reduced these problems but also reduced drilling risks
by predicting the type and quality of lithology [2].
This method helps to investigate the subsurface layer
containing oil and gas with greater accuracy and on a
larger scale [3].

Materials and Methods

The oil field under study is located in the northwest of
the Persian Gulf, about 27 km from the city of Daylam.
The field was first discovered in 1960 through Well A.
Its main reservoir is the Nahr Omar Formation of the
Early Cretaceous period and has three major layers:
compact shale and marl at the top, limestone in the
middle, and porous sandstone with shale layers at the
bottom [4]. The Hendijan—Bahregansar strike-slip

fault has a major impact on the shape, thickness, and
mechanical properties of this reservoir [4]. The total
thickness of this formation averages 194 m, and the
sandstone layer reaches its maximum size of 69 m in
Well A. Moreover, most of the oil and gas is located
in the sections of shale and sandstone. In this study,
3D seismic data, detailed well logs (such as acoustic,
density, and checkshot), and geological surveys of three
major wells were used to build a geomechanical model
and identify oil and gas-bearing areas. Moreover, the
elastic properties of the rocks were obtained using
the simultaneous seismic inversion method, which is
based on linear relationships between parameters and
using the Aki-Richards equations [2]. Furthermore,
the correlation coefficient is around 0.99 which
indicates the reliability of this method. In this method,
parameters such as Poisson’s ratio, Young’s modulus,
lambda-rho, and mu-rho were calculated to distinguish
between the rock type (shale, sandstone, limestone)
and the fluid type (water, oil, gas). This method helps
us to better understand the subsurface layers, prevent
unnecessary drilling, and have more accurate planning
for exploration and production.

Results and Discussion
An extensive workflow was developed to identify and



evaluate hydrocarbon reservoirs from seismic data and
geomechanical properties. First, an integrated attribute
was calculated as the product of P-wave impedance,
Vp/Vs ratio, Young’s modulus, Poisson’s ratio, and
Mu-Rho. Moreover, lower values of this attribute
indicated areas with greater hydrocarbon potential
(Fig. 1).

The results were combined with reservoir thickness
information to select the best drilling locations that
provide a balance between hydrocarbon richness and
storage capacity. Moreover, vertical analysis was then
performed at the selected area using a set of scatter
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plots to separate different fluid and lithology types from
each other. Furthermore, these plots, which include:
Young’s modulus versus Poisson’s ratio, P-impedance
versus Vp/Vs, Mu-Rho versus Lambda-Rho, and
Poisson’s ratio versus Lambda-Rho successfully
distinguished shale, limestone, gas-bearing limestone,
and oil-bearing sandstone. Among them, Mu-Rho vs.
Lambda-Rho and Poisson’s ratio vs. Lambda-Rho
plots provided the best discrimination between rock
types and fluid content (as seen in Figs. 2-3). Finally,
the parameters obtained from seismic were validated
by comparing them with well log data.
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Fig. 1 The horizontal slice of the integrated attribute, derived from five geomechanical parameters, highlights a selected area

with high hydrocarbon potential.
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Fig. 2 illustrates the Mu-Rho versus Lambda-Rho plot for the selected location (Figure 1), demonstrating better lithological
separation than previous cross-plots. Shale and oil sandstone are completely separated, while gas limestone displays a distinct

trend from regular limestone. Unlike the previous cross-plots, where overlaps or similar trends were sometimes observed, this

plot provides clearer lithological distinction.
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Fig. 3 displays a Poisson’s ratio versus Lambda-Rho cross plot for the selected location (Fig. 1). This plot reveals a distinct
pattern where the hydrocarbon-bearing zone, specifically the oil sandstone, stands out clearly. As the most important part of the
reservoir, the oil zone is easily distinguishable within this plot.

There was a 90% correlation for P impedance and 80% identification and hydrocarbon exploration process
for Young's modulus, indicating the reliability of this with higher accuracy, lower cost, and lower risk.
method (Fig. 4). This procedure provides the reservoir
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Fig. 4 Cross-plot comparing inverted P-wave impedance and Young’s modulus with P-wave impedance and Young’s modulus
from Well B.



Conclusions

This study successfully identified areas with high
hydrocarbon potential through 3D seismic data and
integrated geomechanical attributes. The study used
four scatter plots to separate four major lithologies and
obtained consistent trends that can be used in other
oilfields to reduce risks and make drilling decisions
more accurate. Although all scatter plots were effective,
some were more accurate based on the quality of the
seismic data and inversion techniques. By converting
the inversion results into geomechanical parameters,
hydrocarbon potential and reservoir thickness, this
study provided an economical and convenient method
for reservoir characterization and drilling site selection.
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Fig. 5 Comparison of real and synthetic seismic traces and the wavelet used in the inversion process.
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Table 1 shows the geomechanical properties of different types of rocks and fluids.

Lambda-Rho | M u - R h o | Poisson Ratio (unit | Young’s Modulus | V p/ V s | Pimpedance ((m/s)* | Lithology / Fluid
((GPa*g/ cm?® | (GPa*g/ cm’) | less) (N/m?) (unit less) | (g/ cm?)) Type

Very high High Low Very high Low Very high Shale

Low Low High Low High Low Limestone

High Very low Very high Very low Very high | Very low Gas- limeston

Very low High Very low High Very low | High Oil- sandstone
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Fig. 6 Stages of a two-stage evaluation process.
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Table 3 Geomechanical properties corresponding to the data shown in Fig. 9.

gg:éz?e(:; Correlation Equation (Unitless) ((m/s)*(g/ cm?)) Point Color Lithology
0.80 Y =-42.5749x +2.23910 | 1.51-2.03 | 15700-12400 Red—Orange Shale
0.45 Y = 1.74728x + 2.6604 1.65-2.28 | 9000-11000 Brown—Yellow Limestone
0.68 Y =-1756.09x +3.11444 | 1.64-2.81 6700-8500 Green—Blue Gas- limeston

0.83 Y =-4.8350x +2.25639 1.38-1.77 | 10800-14400 Dark Blue—Purple Oil- sandstone

¥ (YL ol g Jlo Ol 4 Zos
S ey s Cod (DY jod> A,
Ol P g Cnglin juilyy 10 VP/Vs s aibe
J—o5 35l oo ol B 1) 6,5 G8s s SSs
aS aas oo plis Ve ISy ea bl slaosls
Sl sla )z, LMR (b ;5 cilizes (sLanislsnd

RUUET-X W B AR P S DL

(LMR) g,-las¥ yly 53 9)=g0
=l s (SaSTn Hlogad s 0l o
Sl w5 6,5t le—eas (LMR) g -l
Sty 5 Sl Sy olsios Sl
HB ool wl o, St w0 WYL
S=yedorn sl el anly  jlosed (ol e 3 )F
99— Syl 5l g —So e L g o (Al b

Color Key
Mu-Rho versus Lambda-Rho Time ()
o % i==un
senmnn \ FFERH 1
8. e x L) d 1850
& <
) BCe \\ ~ q 1.0067 & 124.305 ”?
T IBRE NS ST TTTETY, g 0067 x+ 124
2. i 1 ‘\ 1 Correlation: 0.70259 JI 1839
o iy o T ot ™ A ARaRARANARARES
= P b N B it 1828
8 i
N
H o B TR
83 3 N L1 1817
R T ui TN
N ! ive I SN |
= }
% = x N x N 1806
o ime p ) 15622 xe 958456 | LY Y o 1a yeanm.
') 1 correlation: o.sa‘m S ni .\ aEs 1 TS o
2 gl
& B N & ~ [3REEY
] Ol sandstone s o s S o . 78
o »SwE i) 1 |
Sasg 1 TR \\
g f e T e Sl H -
& == cs
i 1T ] : 1 ‘n I o T A s ~._‘\~,‘. LTl
inng ! “~‘\?-=.‘l af Lo & a B0 s 1762
R Time . T paic Y IR o= e =) s INNRG AR I RN Tl
y = -0.209278 x + 21.5212 LA s (S - ———— - Time
1118 Correlation: 0.198852 { imun Y a) I [y = 010884 x+ 316595 1
o | T X R Correltion: 0.318461 HHH
e muimnna EEIEE R NEE 3 ! : =
Craslutnest ne |1 mn Hui e T T e ( Limestone ] ! 170
n T 1 N x

-10 5 0 S 10 15 2 b4 30 35 40 45

me R ((GPo" g/cc))

55 60 65 7 75 80 8 90 95 100

bl 426 gl (GParglenr’) g ,-laeY ply )0 (GParg/em?’) g 5-g0 (SoiSyy Sloges Vo JSC&
Fig. 10 Scatter plot of Mu-Rho (GPa-g/cm3) versus Lambda-Rho (GPa-g/cm3) for the selected area.
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Table 4 Geomechanical properties corresponding to the data presented in Fig. 10.

Correlation Coefficient | Correlation Equation MR c n‘fg})Pa'g/ LR (GPa-g/ cm’®) Point Color Lithology
0.70 Y =-1.0067x + 124.305 31-107 85-31 Red—-Orange Shale
0.70 Y =-0.10484x + 31.6595 20-34 20-72 Brown—Yellow Limestone
0.19 Y =-0.209278x + 21.5212 6-23 2342 Green—Blue Gas- limeston
0.84 Y =-1.5622x + 95.8456 0.26-40.102 26-102 | Dark Blue—Purple | Oil- sandstone
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Fig. 11 Scatter plot of Poisson’s ratio (Unitless) versus Lambda-Rho for the selected area.
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Table 5 Geomechanical properties corresponding to the data presented in Fig. 11.

. . Correlation . , . . LR (GPa-g/ .
Correlation Coefficient Coefficient (Poisson’s Ratio (Unitless (cm3 Color Lithology
0.85 Y =0.00372951x + 0.243866 0.36-0.11 85-31 Blue—Purple Shale
Brown-Yel- .
0.90 Y =0.00298478x + 0.173724 0.38-0.26 72-20 low Limestone
0.55 Y =0.00512669x + 0.179398 0.41-0.28 42-23 Red—Orange | Gas- limestone
0.98 Y =0.00595733x — 0.008463 0.26-0.01 46-26 Green—Blue | Oil- sandstone
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Fig. 12 Compariéon of acoustic impedance (A) and Young’s modulus (B) from seismic inversion and well log data of Well B.
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