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APPLICATION OF SEISMIC ATTRIBUTES TO DETERMINING TH E STRUCTURE
OF THE ZARDAB-SHIKHBAGI AREA FOR THE UPPER CRETACEO US

Aghayeva Azerbaijan State Oil and Industry University
Maleyka Agha Ali Teacher at the Department of Geophysics

Abstract. The article discusses the attribute analysis carried out with the aim of determ n ng
the geological structure of the Upper Cretaceous deposts of the Zerdab Shikhbagi
area of the Middle Kur depression. Chaos, Variance, and Ant tracking were calculated
as seismic attributes. The results of the Ant tracking attribute were not presented in
the paper because of nonsatisfactory results. The solution of problems requires high
vertical and horizontal resolution of seismic data; therefore, to solve the tasks set, 3D
seismic exploration data was used. The information content of the 3D cube can be
considered satisfactory. Time sections can be divided into 4 intervals by dynamic fea-
tures. The wave pattern observed at each time interval is characterized. The article
also provides brief information about the research area. As a result of the study, the
occurrence elements and geological structures of the Zerdab and Shikhbagi struc-
tures on the Upper Cretaceous deposits were clarified.

Keywords: 3D seismic survey, seismic attribute, attribute cube, faults.

ntroduction
The study area is located in the Mil Plain of the Kura-Araz Lowland. The territory
mainly consists of flat terrain and gently slopes in a southeast direction toward the Kura River
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valley. Lakes, shrubs, floodplain forests, cultivated fields, irrigation canals, and high-voltage
power lines occupy part of the area. The Lower Shirvan Canal crosses the study area.Within
the study area, from northwest to southeast, several uplifts of various sizes are distinguished —
the Zardab, Shikhbaghi, Eastern Shikhbaghi, Soyudlar, Gishlag, and Beyimli uplifts (Figure 1).

Figure 1 — Scheme of the research area

1. Zardab: 2. Garavalili 3. Shikhbaghi 4. Eastern S hikhbaghi 5. Qarghali
6. Beyimli 7. Gishlag 8. Soyudlar 9. Bergushad 10.  Qarabat

The geological and geophysical study of the area began in the late 1940s.In 1948, a
general gravimetric survey was conducted, followed by detailed gravimetric exploration in
1963, 1970-1971, and 1974. During 1975-1977, the analysis and generalization of magne-
tometric data were carried out. High-precision and field studies were conducted in 1978,
1980, 1982, and 1988.

The Zardab structure was prepared for drilling in 1970 using the CDP (Common
Depth Point) method, and in 1972, the first parametric well was drilled in the crest part of the
structure.

Methods

Complex seismogeological conditions and a complicated observed wavefield charac-
terize the study area. In seismic records, surface and microseismic noise waves are ob-
served.

The regularity of the kinematic and dynamic characteristics of seismic records is dis-
rupted in the crest and near-crest parts of structures with complex tectonic settings, where
the amplitudes of reflected waves decrease.
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In the study area, the reflected wavefronts characterizing the target horizons and
traceable within the time cube up to 5.0 seconds are analyzed.

The area is complicated by numerous longitudinal tectonic faults, which divide it into
separate blocks (Figure 2).

Figure 2 — Seismic section (time section)

The complex geological structure of the area makes the tracing of seismic horizons
more difficult and, in some cases, adversely affects the quality of seismic records. The rela-
tive deterioration of seismic data quality in the southwestern part of the area is associated
with the presence of settlements, the passage of the Kura River, and the sparse distribution
of «shot» points in that region.

Overall, the 3D time cube made it possible to identify and trace the target seismic ho-
rizons across the area.

Tectonic faults that complicate the geological structure divide the area into separate
blocks. Although no deep wells have been drilled in these blocks, the accurate stratification
of seismic horizons has been achieved by analyzing the dynamic parameters of the reflected
waves.

In the 3D time cube, the surface of the Upper Cretaceous deposits is distinguished
from the horizons observed above and below it due to its dynamic nature.

Below this level, the characteristics of the seismic record change sharply, and its
traceability deteriorates. This feature of the wavefield allows the Upper Cretaceous horizon to
be confidently traced throughout the entire area. In terms of time, this horizon is observed
within the interval T = 3.0-3.8 seconds.

According to well data (AR), the Upper Cretaceous are characterized by high resistivi-
ty (30—40 Ohm-m) and are well differentiated (SP). In the lower part of the section, even
higher resistivity values (up to 120 Ohm-m) are recorded [4, 5].

To comprehensively evaluate such a complex geological environment and to identify
and trace faults, it is advisable to apply attribute analysis based on the dynamic parameters
(amplitude and frequency) of 3D seismic data [1, 2, 3]. For this purpose, chaos and variance
volume attributes were calculated, and their 3D cubes are presented in Figure 3.
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Result

As the final stage of the research, the data obtained from the calculation of volume at-
tributes were analyzed, and Chaos and Variance seismic attribute maps were constructed for
the surface of the Upper Cretaceous. A comparative analysis was also performed between
the constructed attribute maps and the structural map of the corresponding surface.

Conclusion

The geological structures of the Zardab and Shikhbaghi uplifts within the Upper Cre-
taceous deposits were refined. Several faults of different orientations and amplitudes that
complicate the geological structure of the study area were identified and traced.

The locations of the faults observed on the Chaos attribute map of the Upper Creta-
ceous surface fully correspond to those on the structural map for the same surface. Similarly,
the results of the Variance attribute map confirm the structural interpretation, as in the Chaos
attribute map.

Both attribute maps reveal two major high-amplitude faults to the east of the Beyimli
and Gishlag structures. In addition, three faults of different orientations and amplitudes cross-
ing the Beyimli structure from the northeast are clearly visible on both the Chaos and Vari-
ance attribute maps (Figure 4).

Figure 3 — 3D cube of Chaos (a) and Variance (b) attribute
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Continuation of Figure 3

Figure 4 — Chaos (a), Variance (b) attribute, and structural map (c) for Upper Cretaceous
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Continuation of Figure 4
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APPLICATION OF NUMERICAL MODELING IN ENGINEERING GE OLOGICAL
STUDIES: COMPARATIVE ANALYSIS OF FEM AND LEM METHOD S

Kerimov Azerbaijan State University of Oil and Industry
Elvin Mazaquir PhD, Head of the Laboratory, Department of Oil and Gas Geology

Abstract. This paper presents a comprehensive comparative study of two prominent numer-
ical modeling techniques Limit Equilibrium Method (LEM) and Finite Element Method
(FEM) widely applied in engineering geological investigations. LEM, a traditional ana-
lytical method, is favored for its computational simplicity and effectiveness in prelimi-
nary slope stability assessments. In contrast, FEM offers a more advanced framework
capable of simulating complex geometrical configurations, nonlinear material behav-
ior, pore pressure variations, and staged construction processes. The study explores
the theoretical foundations, modeling assumptions, software platforms, and practical
implementations of both methods in various geotechnical applications including slope
stability, foundation behavior, underground excavations, and embankment analysis.
Key comparison criteria such as safety factor estimation, failure surface prediction,
and material modeling are discussed. The findings highlight the strengths and limita-
tions of each approach and emphasize the importance of method selection based on
site-specific geological and structural conditions.

Keywords: limit equilibrium method (LEM), finite element method (FEM), numerical model-
ing, geotechnical engineering, engineering geology, strength reduction method.
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I ntroduction

In recent decades, numerical modeling has emerged as a fundamental approach
in engineering geological studies, enabling more accurate predictions and safer designs
across various geotechnical applications[1]. Among the most widely used techniques in this
context are the Limit Equilibrium Method (LEM) and the Finite Element Method (FEM). Both
methods play a critical role in analyzing soil and rock behavior under different loading and
environmental conditions [2], offering engineers valuable tools for stability assessment, de-
formation prediction, and structural safety evaluation.

These methods are extensively applied in slope stability and landslide analysis, par-
ticularly in mountainous terrains, road cuttings, and tunnel portals. They help assess the
safety of natural and man-made slopes and the effectiveness of mitigation measures such as
retaining walls and drainage systems [3]. Furthermore, FEM and LEM are crucial in evaluat-
ing the bearing capacity and settlement of building foundations. Through detailed stress dis-
tribution and displacement modeling, these methods assist in predicting the behavior of shal-
low and deep foundations under various load scenarios, as well as their interaction with
neighboring structures [4].

In road and railway construction, both methods are employed to model embankment
stability and subsidence risks, particularly in soft ground and cut-fill transitions[5]. The accu-
rate modeling of deformation in subgrade soils ensures long-term durability and safety of
transportation infrastructure. Additionally, earth dams and embankments require advanced
numerical techniques to analyze their stability under construction, operational, and extreme
conditions. FEM is patrticularly suitable for modeling pore water pressure effects and seep-
age-induced slope failures, which are critical for dam safety [6].

In the field of tunneling and underground excavations, FEM is indispensable due to its
capability to simulate stress redistribution and ground-structure interaction in three dimen-
sions [7]. It helps predict ground deformation and assess the stability of tunnel linings during
and after excavation. Likewise, rock and soil anchorage systems, which are commonly used
in slope stabilization and deep excavations, are analyzed using FEM to evaluate stress
transfer along anchors and their effect on overall stability [8]. LEM is also used for prelimi-
nary safety checks of anchored slopes.

Finally, these modeling techniques are instrumental in geotechnical hazard assess-
ment, especially in areas prone to earthquakes, liquefaction, and groundwater fluctuations.
FEM provides a robust framework for simulating coupled hydro-mechanical behavior of soils
and assessing their response to seismic loading [9], which is essential for designing resilient
infrastructure in hazard-prone regions.

Given their wide range of applications, understanding the comparative capabilities
and limitations of LEM and FEM is crucial for geotechnical engineers and engineering geolo-
gists. This study aims to explore the theoretical foundations, practical implementations, and
result interpretations of both methods, focusing on their suitability for various engineering ge-
ological scenarios.

Objective

The primary objective of this study is to perform a comparative analysis of two widely
adopted numerical modeling techniques in engineering geological investigations Limit Equi-
librium Method (LEM) and Finite Element Method (FEM). The aim is to evaluate the theoreti-
cal foundations, application domains, and modeling outputs of both methods in order to de-
termine which method provides more suitable results under specific geotechnical conditions
[1].

The following sub-objectives are established to guide the study:

. To compare the analytical assumptions and computational frameworks of LEM and
FEM [2];

To assess the practical applications of these methods in a range of engineering
geological problems, such as slope stability, foundation settlement, underground excavation,
and embankment stability [10];

To identify the strengths and limitations of each method based on modeling out-
comes and interpretation capabilities [3];

To provide clear guidance on method selection depending on project-specific geo-
logical, geometrical, and loading conditions [9].

Furthermore, this comparative analysis aims to contribute both to the theoretical ad-
vancement of geotechnical modeling and to practical decision-making in engineering design.
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The study is intended to serve as a framework for selecting appropriate numerical techniques
and to enhance the reliability of modeling in future research and engineering applications.

Methods

This section provides a comparative overview of the Limit Equilibrium Method (LEM)
and the Finite Element Method (FEM) in the context of engineering geological applications.
Each method is briefly introduced, followed by a discussion of the key criteria used for their
comparison.

Theoretical Background

Limit Equilibrium Method (LEM)

The Limit Equilibrium Method (LEM) is considered a traditional and classical ap-
proach in stability analysis. Its fundamental principle is based on evaluating the balance of
forces and moments along a predefined failure surface [1] ( Figure 1). The soil or rock mass
is divided into vertical slices (or wedges), and equilibrium equations are applied to each
segment. This approach does not account for the elastic or plastic behavior of the soil mass,
nor does it model the redistribution of stresses after yielding. It relies solely on static
equilibrium conditions [2].

Figure 1 — Slope stability analysis using the Limit Equilibrium Method (LEM) —
discretization into slices and predefined failure surface [11]

LEM is widely used, particularly due to its ease of implementation and low computa-
tional requirements, making it a convenient tool for engineers in preliminary geotechnical
evaluations and code compliance checks.

Within the LEM framework, various computational methods have been developed
based on different assumptions. These include:

Bishop’s Simplified Method (1955): Considers only moment equilibrium, neglecting
inter-slice shear forces. It is frequently used for slope stability analysis;

Janbu’s Simplified: Focuses on force equilibrium, with the simplified version involv-
ing assumptions about inter-slice forces for ease of calculation;

Spencer’'s Method: Ensures both force and moment equilibrium and assumes a
constant inclination of inter-slice forces, providing highly accurate results;

Morgenstern-Price Method: Utilizes a functional relationship to describe the varia-
tion of inter-slice forces and ensures complete static equilibrium, allowing greater flexibility
for complex geometries.

Table 1 summarizes the fundamental assumptions associated with different ap-
proaches used in Limit Equilibrium analysis.

Table 1 — Summary of LEM methods [11, 13]

Method Circular Non-circular VM =0 VF =0
Bishop Simplified V (*) V (**)
Janbu Simplified (*) V - V
Spencer V (*) V V
Morgenstern—Price V V V V

(*)Applicable to failure surfaces with both circular and arbitrary (non-circular) geometries.
(*) Ensures balance of vertical forces acting perpendicular to the base of each slice.
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Finite Element Method (FEM)

FEM is a numerical technique based on the discretization of a continuum into small
elements, within which the equations of equilibrium, compatibility, and constitutive behavior
are solved [4] (Figure 2). FEM can model complex geometry, heterogeneity, nonlinear mate-
rial behavior, pore-water pressure effects, and staged construction. It provides detailed out-
puts such as stress distribution, displacement fields, and factor of safety through techniques
like the Strength Reduction Method (SRM) [2].

Figure 2 — Slope stability analysis using the Finite Element Method (FEM) —
stress distribution and deformation contours via Strength Reduction Method (SRM) [11]

Comparison Criteria
To evaluate and compare the performance of LEM and FEM, the following criteria are
considered:

Safety Factor EstimationLEM directly computes a Factor of Safety (FoS) based on
assumed failure surfaces, while FEM estimates FoS through progressive reduction of shear
strength (SRM), leading to a more realistic failure mechanism [14];

Failure Surface Predictionin LEM, the failure surface must be predefined or opti-
mized iteratively. FEM, on the other hand, allows natural development of the failure mecha-
nism through stress redistribution and plastic strain localization [3];

Material ModelingFEM can incorporate nonlinear and anisotropic soil models (e.g.,
Mohr-Coulomb, Hardening Soil), whereas LEM typically uses simplified linear or bilinear
strength envelopes [10];

Water Pressure and Seepage EffectsFEM allows the simulation of pore water
pressures and seepage through coupled hydro-mechanical analyses, which is limited in LEM
unless used with extended software modules [15];

Computational Effort and User ExpertiseLEM is more user-friendly and less com-
putationally demanding, making it suitable for preliminary assessments. FEM requires higher
computational resources and expert knowledge but provides more comprehensive insights;

Suitability for Complex GeometryFEM excels in modeling irregular geometries
(e.g., tunnels, multilayered slopes, anchored walls), while LEM is limited to simpler configura-
tions.

Software Platforms
The practical application of both methods is typically conducted using commercial
software packages:

LEM: Rocscience Slide2, GeoStudio SLOPEM, Midas SoilWorks;

FEM: PLAXIS 2D/3D, RS2 (Phase2), ABAQUS.

These tools have built-in constitutive models, automatic mesh generation, and post-
processing features that allow for detailed geotechnical evaluations.

Conclusion

This study has provided a comparative analysis of two widely applied numerical mod-
eling techniques Limit Equilibrium Method (LEM) and Finite Element Method (FEM)in the
field of engineering geology. Both methods offer distinct advantages depending on the com-
plexity of the geotechnical problem, the level of detail required, and the available resources.

LEM, with its straightforward assumptions and computational efficiency, remains a
valuable tool for preliminary assessments, rapid slope stability evaluations, and basic design
scenarios [1]. Its widespread availability and simplicity make it suitable for routine geotechnical
practice, particularly in cases involving homogenous soil profiles and simple geometries.

FEM, on the other hand, provides a more advanced and rigorous framework for ana-
lyzing complex geological and structural conditions. Its ability to model nonlinear behavior,
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layered ground conditions, pore-water pressure effects, and stress redistribution enables en-
gineers to gain deeper insights into soil-structure interaction and failure mechanisms [2].
FEM is especially beneficial in problems involving tunnels, deep foundations, earth dams,
anchored retaining structures, and earthquake-induced instabilities [15].

The results of this study suggest that neither method is universally superior, but each
has its optimal range of application. A combined use of both methods may yield the most ro-
bust outcomes using LEM for quick checks and concept design, and FEM for detailed and
final design verifications [3].
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WELLBORE STABILITY AND STRESS ANALYSIS FOR DRILLING THROUGH
DEPLETED FORMATIONS OF OFFSHORE GULF OF GUINEA, NIG ERIA
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and Oil and Gas Engineering

Abstract. With increasing demand of oil, some of the shallow offshore fields of Nigeria are
being developed to drill more infill wells and to explore deeper targets. Mechanical
wellbore instability challenges with further development include drilling through se-
verely depleted shallower reservoirs, high-angle penetration through sloughing
shales, and horizontal wells. Significant downtime due to tight hole, pack-off, and
stuck pipe was experienced in several of the wells drilled, which resulted in significant
extra capital expenditure. This article presents an assessment of the magnitude of the
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in-situ principal stresses of some of the troublesome shale sequences being drilled
and analysis of well planning and operational parameters that will aid in reducing
wellbore stability-related problems.

Keywords: stuck pipe, overburden stress, fault, tectonic stress, shear stress.

ntroduction

Studies have shown that wellbore enlargements from sloughing and mechanically
weak shale intervals in close proximity to in-gauge mechanically stronger sandstone string-
ers are the fundamental causes of wellbore instability in the offshore Niger Delta area of the
Gulf of Guinea. Unconsolidated sands of Pleistocene Benin formation at surface, overlying
the Pliocene Agbada formation, characterize the geology of the area. Experience has shown
the Qua Iboe member of the Agbada formation to be predominantly weak shale prone to me-
chanical instability. The shales of the Biafra member of the Agbada formation, though
stronger than those of the Qua Iboe member have also been prone to instability.

A relevant instance is the Okan field (shown in Figure 1), which is one of the oldest
shallow offshore fields being developed offshore Nigeria. A generalized lithostratigraphic col-
umn for the southeast Niger Delta is shown in Figure 2. The structural geology of the area is
characterized by normal faults, generally downthrown on the southeastern side and running
parallel to the coastline [1, 2].

Figure 1 — Location of Okan field, offshore Gulf of Guinea
and relative location of fields offshore Nigeria [1]

Figure 2 — Generalized stratigraphic column, southeast Niger Delta, offshore Nigeria [2]
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Wellbore Stability

The two main modes of mechanical instability that can occur in a wellbore for a given
combination of stresses and rock strength are tensile fracturing due to excessive pressure
exerted by the wellbore fluid, and compressive shear failure (also referred to as breakout,
cave-ins, spalling or sloughing) due to insufficient wellbore fluid pressure.

The method of analysis in both cases involves the use of a wellbore stability model
consisting of a constitutive model coupled with a failure criterion. The constitutive model de-
scribes the deformation properties of the rock and the failure criterion determines the limits of
the deformation. A number of constitutive models and failure criteria have been published.
These range from relatively simple analytical models coupled with linear Mohr-Coulomb fail-
ure criterion to computer intensive finite element models [3, 4].

Rock Mechanical Properties

The mechanical properties of the sands and shales in all wells can be estimated us-
ing various sets of correlations. Example is the Chevron-proprietary RMA correlations. These
correlations, which are based primarily on sonic compressions, shear velocities and density
data, have been used successfully in many locations throughout the world. They are used to
obtain estimates of the mechanical properties of clastic rocks based on well log data. Under
most circumstances, compressional wave velocity is also readily available. Shear wave ve-
locity is usually the missing parameter needed to determine the dynamic elastic modulus.
Even when the measurement has been made, it is often available over a limited interval in a
very few wells. Consequently, a key technical focus is to create a reliable shear wave veloci-
ty, like the shear wave velocity estimation technique by Greenberg and Castagna. The meth-
od relies on P wave velocity, lithology, porosity, and formation fluid properties to predict
shear velocity. Figure 3 shows an example that uses this technique (where shear travel time
has been measured compared to predicted values) to characterize S wave travel time for a
complex lithology. The blue trace is the compressional travel time, the yellow trace is the
measured shear wave travel time and the red trace is the predicted shear wave travel time
both scaled from 240 to 40 Xsec/ft. The agreement between predicted and measured values
is considered good, lending confidence that when lithology and compressional wave velocity
data is available, a reliable shear wave velocity can be predicted [1].

Figure 3 — Pinda formation measured shear wave travel time vs predicted shear [1]

Local principal stresses can be calculated radially around the wellbore and used with
Hoek and Brown failure criterion to determine the wellbore pressures at which the conditions
for tensile and compressive shear failure can occur. The complete stress tensor can be de-
termine by having knowledge of the following parameters from estimated field data: For-
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mation fluid pressure (Ps), Poisson’s ratio (v), In-situ vertical stress (Yy), In-situ minimal hori-
zontal stress (Yumin), and Azimuth of In-situ minimal horizontal stress (Yumin)-

The Hoek and Brown failure criterion relates the major effective principal stress of the
rock at failure (Y’'max) to the least effective confining stress (Y’s) and is defined by the follow-
ing relationship:

(1)

Where: Sc is the Uniaxial compressive strength,

Im is the Frictional index, and

Is is the Intact index

Overburden Stress

Overburden gradient that represents the relation of stress to depth varies from field to
field and increases with depth, owing to rock compaction. Overburden gradient is much greater in
highly faulted areas, in tectonically active areas, and in sedimentary basins, which are still under-
going compaction as compared to geologically relaxed areas having little tectonic activity. For a
given field, accurate value of overburden gradient is obtained by averaging density logs from
several wells drilled in the area. A graph of bulk density against depth is then plotted. This graph
is converted to an overburden gradient — depth graph by the use of the relation:

The overburden stress can also be calculated through integrating bulk density along
True Vertical Depth (TVD), as shown in Equation (2). Missing density data at shallow depths
can be calculated using a density-TVD trend line generated using available density data [4].

(2)

Pore Pressure

Pore pressure analysis can be performed with drilling, logging and seismic data. In
porous formations, the rock matrix stress, Ys and the formation pore pressure, Pf support the
overburden stress, Yy jointly, thus:

Yy = Ys + P 3)
The effective stress is expressed as
S=Y+ My 4

Where Mis the correction for the pore pressure, indicating that the stress carried by
fluid occupying the pore space may not be exactly equal to the pore pressure [4].

Experience from the Intra-Biafra and Qua Iboe shales in the offshore Niger Delta area
of the Gulf of Guinea indicates that pore pressures can be established by analysis of RFT
(Repeat Formation Tester) data from over/under laying and interbedded sandstones together
with resistivity and sonic log interpretations of the pore pressure gradients in the shales.

Minimum Horizontal Stress

Minimum horizontal stress is conventionally calculated using the following equation:

V4 V4
=—S+(1——
Yh Z# s+ Z# ) Pt ®)
This is based on the linear elastic theory that assume YH to be equal to Yh, given that:
V4
Yh = ? Yv. (6)

For sedimentary rocks and especially while drilling sandstone formations, the equa-
tion demonstrate the reduction in minimum horizontal stress as the wellbore is being drilled
or as a formation is being depleted. In these situations, the maximum overburden stress Yv is
considered a constant, while v is considered to be between 0-0.5. It can be surmise that:

[1-z@-2]>0. (7)
Then Yy, is changing directly with Ps. When Pf decrease, Y, decreases accordingly.
The Equation 3x considers only Poisson’s Ratio effects and overburden stress under

uniaxial strain loading condition. The Equation does not take into account the effects of ther-
mal and tectonic stresses. Considering such effects will alter the Equation as follows:
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, (8a)

and
(8b)

Regardless which method is used, a calculated minimum horizontal stress calculated
using Equation (7) or Equation (8) often requires calibration with measured data obtained
from hydraulic fracturing, mini-fines or Extended Leak-Off Tests (XLOT).

In-situ Maximum Horizontal Principal Stress

The trend of YHmax can be estimated from leak-off tests using the following equation:

(9)

Equation 5 relates the formation breakdown pressure (Pmax), Pore Pressure (Po) and
the uniaxial tensile strength (St) to Yumin and Yumax. The Poroelastic constant (K), has the
approximate range 1 F K F 2 depending on the permeability and compressibility of the for-
mation. When leak-off tests are carried out in shales and in permeable formations with an
effective mud cake, K approachesl, and equation 5 becomes:

Pmax = 3Yumin — Yimax + St — Pr. (10)

In-situ Horizontal Principal Stress Direction

There is a variety of methods available to determine the maximum horizontal stress
orientation if there is a significant stress anisotropy. Such methods include breakout analysis
and Drilling Induced Fractures (DIFs) interpretation from borehole image logs, oriented four-
arm or six-arm caliper analysis, fast shear azimuth analysis from cross-dipole sonic logs, lo-
cal geological structure settings, regional tectonics and earthquake focal mechanism. Drilling
experience in offshore Niger Delta area of the Gulf of Guinea indicates that more wellbore
instability difficulties are associated with deviated wells drilled in the E-W direction [5, 6].

In-situ stress measurements, linear-elastic analysis coupled with a failure criterion that
realistically describes the strength of the rock over the applicable effective stress range are es-
sential for the determination of the potential for occurrence of mechanical wellbore instability.
When coupled with field drive geotechnical and drilling data, these analyses provide quantitative
tool for predicting the required mud pressures to achieve mechanically stable wellbores.
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INTEGRATED PETROPHYSICAL ANALYSIS
OF RESERVOIR QUALITY IN THE BAHAR FIELD
Samadzadeh Azerbaijan State Oil and Industry University
Afet Ahmad Assistant Professor, Department of Geophysics

Abstract. At present, one of the key challenges in oil and gas geology is the accurate evalu-
ation of reservoir rock quality within hydrocarbon-bearing formations. The productivity
of oil and gas fields is largely controlled by the petrophysical properties of their reser-
voir rocks. In this study, an integrated analysis was conducted to address this prob-
lem using data from a specific field. The applied methodology included plotting petro-
physical relationships between qualitative parameters such as the Reservoir Quality
Index (RQI) and Flow Zone Indicator (FZI) with permeability and irreducible water
saturation, as well as determining the average values of key reservoir parameters.
The results demonstrate that applying a modified Kozeny-Carman model enables a
more precise characterization of the reservoir quality of oil- and gas-bearing for-
mations. Furthermore, the implementation of multidimensional cluster analysis pro-
vided a quantitative basis for distinguishing rock classes according to their lithological
composition and genetic features.

Keywords: petrophysical evaluation, improved Kozeny-Carman framework, permeability
prediction, lithology-based rock grouping; reservoir heterogeneity.
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ntroduction

Evaluating the quality of oil and gas reservoirs remains one of the major challeng-
es in geological and petrophysical research. The reservoir quality is strongly influenced by
parameters such as pore geometry and connectivity, grain size distribution, mineral composi-
tion, and the content of clay and carbonate materials. Developing reliable techniques that
integrate these factors to accurately determine reservoir properties is crucial for improving
the efficiency of field development and production planning.

Although petrophysical relationships obtained from core sample analysis are widely
used in practice, they often exhibit regional specificity. This underscores the importance of
developing generalized or transferable petrophysical models that can improve the interpreta-
tion of reservoir properties based on well logging and other geophysical data.

A critical stage in optimizing reservoir development and enhancing oil recovery in-
volves the classification of reservoir rocks. This process is commonly performed using elec-
trical log data to distinguish rock types according to their physical characteristics [11]. Anoth-
er widely adopted approach is based on the Kozeny-Carman equation, where the Reservoir
Quality Index (RQI) and Flow Zone Indicator (FZI) are employed to characterize and catego-
rize reservoir rocks [6, 7, 8].

The Bahar field, located in the South Absheron aquatorial zone south of the Gum
Deniz field, was brought into production in 1969. Stratigraphically, this field is represented by
all the formations of the Productive Series (PS) and is distinguished by the “absheron” type
of lithofacies. A distinctive feature of this type of lithofacies is the relatively high content of
guartz (55-65 %), feldspars (30-35 %) and rock fragments (6—15 %). The average sandi-
ness of the PS suites at the field is slightly lower than at the adjacent Gum Deniz field, which
is 46—69 % for sandy formations and 11-18 % for clayey formations [1].

Figure 1 — Geographic distribution of Azerbaijan’s main offshore oil and gas fields [13]
— object of research
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Methods

To evaluate the permeability of reservoir rocks in oil and gas fields, the Kozeny—
Carman model is one of the most commonly applied approaches [4, 5]. This model estab-
lishes a quantitative relationship between the permeability coefficient (_) and several petro-
physical parameters, including effective porosity (#%,), hydraulic tortuosity (d), the specific
surface area of the rock grains (¢s;), and a geometric factor (F ). The latter reflects the shape
of the pore channels and, for idealized cylindrical capillaries, is typically assigned a value of
2. The Kozeny—Carman equation can be expressed as follows (1):
. . 1
- frone T %s @)
Comparative analyses of permeability values obtained from the Kozeny—Carman
equation and experimental core measurements have revealed certain discrepancies. These
deviations are primarily attributed to geological factors not considered in the original model,
such as the presence of bound water films on the pore and capillary surfaces. To overcome
these limitations, several modifications of the Kozeny-Carman model have been proposed,
including the widely recognized version by Jude O. Amaefule and Mehmet Altunbay [3].
Nevertheless, this formulation does not explicitly account for the influence of residual (irre-
ducible) water saturation, which can significantly affect permeability. To address this, an en-
hanced Kozeny—Carman model incorporating the effect of irreducible water saturation (s, ),

was developed [2], expressed as follows (2):

fr %o &
2 — . 2
- fone 1 % @

J.0. Amaefule, M.Altunbay, and co-authors [3] introduced a set of parameters de-
signed to evaluate reservoir quality and to characterize distinct hydraulic flow zones within
reservoir rocks. These parameters are known as the Reservoir Quality Index (RQI) and the
Flow Zone Indicator (FZI). The computation of these parameters is performed using the fol-
lowing relationships (3), (4), and (5):

\

wr3d H& - ﬁ; 3)

.Z. .
FzI =~ x (4)

‘ #f,
# ? (5)
where, wr3 — Reservoir Quality Index, (um); FZI — Flow Zone Indicator; #6 — normalised po-

rosity index; _ — permeability coefficient; #§,#— effective porosity.

According to the revised model presented in the cited works, the parameters are de-
fined as follows (6):

%o ‘Z'
F3 = = (6)
Ti#%ié #.

The proposed methodology for evaluating reservoir rock quality was applied to the
Bahar oil and gas field, located in the southeastern part of the Absheron Archipelago within
the South Caspian Basin [9,10]. The values of the Reservoir Quality Index (RQI) and Flow
Zone Indicator (FZI) parameters were calculated using the available core and well log data
from the Bahar field. Petrophysical correlation graphs illustrating the relationships between
these parameters and the permeability and porosity coefficients were constructed (Fig. 2). In
addition, cross-plots of RQI and FZI versus irreducible water saturation (¢, ) and the pa-
rameter 1. #were generated to analyze their interdependence (Fig. 3).

Analysis of the plots constructed from core data of the South Caspian Basin (SCB)
formations reveals a strong correlation between the RQI and FZI parameters and key petro-
physical characteristics such as permeability, irreducible water saturation, and self-potential.
This relationship is confirmed by relatively high determination coefficients
(R2 > 0.85; R2 > 0.80; R? > 0.66). In contrast, a weaker correlation is observed with porosity,
which is likely due to the complex lithological compaosition of the studied rocks.
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Figure 2 — Petrophysical dependences graphs of RQI and FZI parameters on:
a) permeability coefficient; b) porosity coefficient (Bahar field)

Figure 3 — Correlation graphs of RQI and FZI parameters from:
a) irreducible water saturation; b) self-polarisation potential (in case Bahar field)
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Higher RQI and FZI values are typical of samples exhibiting low irreducible water sat-
uration. Furthermore, an increase in permeability tends to correspond with higher RQI and
FZI values. The growth of self-potential 1. #is also associated with a notable rise in these
parameters, reflecting improved filtration and storage capacities of the reservoir rocks. Based
on the analyzed relationships, RQI and FZI can be considered reliable indicators for charac-
terizing productive intervals within the studied formations.

Results

An important aspect of the study involves identifying the lithological types of reservoir
rocks that constitute the hydrocarbon-bearing formations of the investigated field. To achieve
this objective, two complementary methods were applied: multivariate cluster analysis and
the hydraulic flow unit approach proposed by Jude O. Amaefule et al. [12]. Based on the out-
comes of both methods, five distinct lithofacies groups were identified, each characterized by
specific petrophysical properties and reservoir quality variations (Fig. 4).

Table 1 presents the average values of the main filtration—capacity parameters for the
studied field. As shown in the table, reservoir rocks exhibiting higher RQI and FZI values rep-
resent the most favorable intervals for hydrocarbon migration and accumulation. The applica-
tion of multivariate cluster analysis made it possible to quantitatively describe the classifica-
tion of rock groups according to their lithological characteristics and, consequently, to con-
sider the genetic relationships between these facies types.

Table 1 — Mean values of filtration-capacity parameters for selected litho-facial rock types for the Ba-
har field

Facies rock types
Parameter I T m ™ v
Porosity, % 20,40 19,80 19,66 18,20 16,30
Permeability, mD 380,75 168,60 109,50 42,40 55
Swi 24,61 25,16 26,70 31,00 64,10
RQI 1,43 0,94 0,75 0,48 0,17
FZI 5,58 3,82 3,02 2,11 0,82

Figure 4 illustrates the graphical procedure for classifying reservoir rock types. As
shown in the figure, the rocks belonging to the first lithofacies group exhibit the best filtration-
capacity properties, with FZI values exceeding 5.0. In contrast, rocks with lower FZI values
(< 1.5) are characterized by significantly reduced permeability and poorer reservoir quality.

Figure 4 — Normal probability distribution graph of FZI logarithm of Bahar field

Conclusions

The conducted research allows the following conclusions to be drawn:

The reservoir quality parameters — Flow Zone Indicator (FZI) and Reservoir Quality
Index (RQI) — were determined based on core data obtained from wells of the studied field.
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Application of the improved Kozeny-Carman model, which incorporates the effect of
irreducible water saturation, provides a more accurate and reliable assessment of oil and gas
reservoir quality.

Analysis of petrophysical correlations and cross-plots constructed for the Bahar field
revealed consistent relationships among RQI, FZI, permeability, porosity, irreducible water
saturation and self-potential.

Classification of lithofacies groups is crucial for building hydrodynamic reservoir mod-
els, as it reflects rock heterogeneity and enables the delineation of zones with different
petrophysical and filtration characteristics.
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