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ABSTRACT

The analysis of existing geological and geophysical research as well as excavation works reveals that despite the prolonged
search and exploration of the Productive Layer (PG) sediments in the South Caspian Basin (SCA), their hydrocarbon reserves
remain insufficiently explored. Examination and consolidation of geological-geophysical data, drilling information and the
established 3D geological model indicate specific patterns in the distribution of oil and gas deposits within local elevations.
These patterns are primarily influenced by tectonic processes. In the 3D geological modeling of the Palchig Pilpilesi deposit,
the study accounted for tectonic processes occurring in the sedimentation basin of the sedimentary complex. This included the
development of uplifts, their complication due to tectonic disturbances and the impact of changes in the lithological composition
and thickness of the horizons and layers constituting the productive layer section on the accumulation of hydrocarbon resources.
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In the development of the 3D geological model for the
deposit, three-dimensional modeling was employed to capture
the intricacies of the fractures encompassing the structure,
leading to the creation of a comprehensive structural model.
Subsequent to validating the structural model using well data and
trend maps, a 50x50 scale 3D grid was meticulously constructed
based on the established structure'. Initially, seepage capacity
parameter curves, delineated by area and depth, were integrated
into the constructed grid.

To ascertain the spatial distribution of rocks within the
lithological section of the development horizons, facies
modeling was conducted. This process contributed to a nuanced
understanding of the field distribution of the various rock types
involved in the geological makeup of the deposit®. The outcomes of the histogram analysis conducted on the

facies model, utilizing the calculated parameters, indicate an

Figure 1: Facies model of Palchig - Pilpilesi field.
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overall average sandiness value of 0.5 across the horizons of
Palchig Pilpilesi*. When examined individually, the sandiness
values are as follows: QUG-0.26, QUQ-0.34, QD-0.36,
QA-0.75 and QaLD-0.58 (Figure 1). It is important to note that
these parameters are derived from well data. The average values
presented were computed based on the data contained within the
contour, with information outside the delineation exerting no
influence on these statistical measures’.

Figure 2: NTG histogram for facial model.

Following the establishment of the facies model,
petrophysical modeling was undertaken, encompassing the
assessment of porosity, permeability and water saturation. Based
on the data derived from petrophysical modeling, the average
porosity value across the horizons of the deposit is determined
to be 0.183 (Figure 2).

When examining porosity values individually, specific
averages are identified:

QUG: 0.19

QUQ: 0.20

QD: 020 (QD1-020, QD2-0.18, QD3-0.19, QD4-0.21,
QD5-0.22)

QA: 0.20 (QA1-0.20, QA2-0.216, QA3-0.194)

QalLD: 0.17 (QaLD1-0.17, QaLD2-0.16, QaLD3-0.17, QaLD4-
0.18).

These values provide a detailed insight into the porosity
characteristics of each specific horizon within the deposit, aiding
in a comprehensive understanding of the petrophysical attributes
of the geological formation (Figure 3).

A 3D porosity (Phie) model was developed utilizing
stochastic distribution through kriging simulation under the
condition of NTG=1 (where NTG=1 signifies a reservoir and
NTG=0 denotes a non-reservoir) following extensive analyses
of well data. The variogram model employed for this simulation
includes an azimuth with an exponential curve set at 170
degrees, parallel - 150 m, normal - 100 m and vertical direction -
4 m. This modeling approach leverages geostatistical methods to
estimate porosity values in three dimensions, providing a spatial
representation of porosity distribution within the reservoir
(Figure 4).

The porosity coefficient, derived from an analysis of rock
samples obtained from 42 wells, is based on a total of 218
samples. This coefficient has been computed for both horizon
and bed areas. The accurate calculation of the porosity coef-
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ficient by area is intricately tied to variations in lithological
composition and reservoir thickness.

Figure 3: 3D porosity distribution for the Palchig Pilpilesi field
(QUG - QaLD).

Figure 4: Histogram of porosity distribution.

Among the 218 samples collected from exploratory wells,
184 have been attributed to collectors. The calculated porosity
coefficient for these samples falls within the range of 0.15 to
0.26.

It is noteworthy that, consistent with core analysis results
and experiences gleaned from other fields in the region, there
exists a direct correlation between permeability and porosity.
This relationship underscores the importance of understanding
and considering both parameters in the assessment of reservoir
characteristics®.

y = 1.4868e+05%x"3 - 24072*x"2 - 2260.2*x"1 +379.41 (Eq 1)

Permeability was derived from porosity using the formu-
la above, which reflects the increasing relationship between
permeability and porosity (Figure 5).

In the subsequent phase, a water saturation model was
developed. The average water saturation value calculated
within the contour is determined to be 0.31 for the CG - QLD.
When categorized by horizons, the water saturation values are
as follows: QUG -0.33, QUQ -0.25, QD -0.35, QA-0.28 and
QALD -0.32.

The modeling of water saturation (Sw) employed a simpli-
fied J-function method, incorporating porosity (Poro), perme-
ability (Perm), height above the free water level (FWL) (H)
and petrophysical constants (a, b). This approach enhances the
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understanding of water saturation dynamics within the reservoir,
integrating various key parameters for a comprehensive mode-
ling outcome (Figure 6).

BE®

G dredd Bl an:

J = H\,
\ Poro
; :
P S / CANPY:
”n.,p — Hyortom a
‘l"-l ttom
Sw = Swirr + (Swmar — Swirr) Swn

Swn — water saturation value by height above free water level

Swirr — saturation value with non-extractable (residual) water

7

Figure 6: 3D water saturation distribution of Palchig Pilpilesi
field.

History Matching: In the realm of reservoir management,
the significance of accurate reservoir models cannot be
overstated. These models play a pivotal role in forecasting
reservoir performance across diverse operating scenarios,
thereby mitigating investment risks in field development’.
The conceptual equivalence of a reservoir model to the actual
reservoir is imperative for its precision and reliability.

History matching emerges as a critical procedure in this
context, serving to evaluate and validate the similarity between
the simulation model and the real reservoir. During history
matching, the historical performance of the reservoir is simulated
and the model is systematically adjusted to align with observed
historical data. The objective is to ensure that the final history-
matched model faithfully represents the reservoir’s behavior
and possesses the capability to reliably forecast its performance
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in the future®. This iterative process enhances the accuracy of
the reservoir model, fostering informed decision-making in
reservoir management and development endeavors.

The primary objectives of history matching reservoir models
include the reduction of uncertainty, enhancement of reservoir
understanding, validation of reservoir simulation models and
improvement in the accuracy of predictions regarding reservoir
performance’. The fundamental premise is that, if a reservoir
model can faithfully replicate historical reservoir performance,
it can reasonably forecast future performance.

The method of “history matching” is employed to align model
input with recorded data, encompassing fluid characteristics,
geological descriptions and other pertinent information.
Recorded data may include phase rates, cumulative production,
pressures, tracers, temperatures, salinity and more. Maximizing
the alignment of model inputs with historical data contributes
to a more effective reduction of ambiguity and a heightened
confidence in the current reservoir characterization'’.

It is crucial to recognize, however, that uncertainty can never
be diminished beyond the inherent uncertainty present in the
historical data itself. Therefore, while history matching serves as
a powerful tool for refining reservoir models, it operates within
the constraints of the available historical data and associated
uncertainties'!.

Precise historical matching of a reservoir model is essential
for gaining a thorough understanding of the present conditions
within the reservoir, including fluid distribution, fluid movement
and validation of the current depletion mechanism'?. This
process not only confirms existing reservoir dynamics but also
provides valuable insights into operational issues, such as casing
leaks or suboptimal fluid distribution between wells.

By aligning the reservoir model with historical data, it
becomes possible to delve into the intricate details of fluid
behavior, depletion patterns and potential challenges affecting
the reservoir’s performance. This historical matching not only
serves to validate the accuracy of the model but also offers a
practical means to identify and address operational concerns,
ensuring a more efficient and effective reservoir management
strategy (Figure 7).

In summary, accurate historical matching not only enhances
our understanding of the reservoir’s current state but also serves
as a diagnostic tool for uncovering and addressing operational
challenges that may impact fluid distribution and overall
reservoir performance'.
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Figure 7: Oil PVT properties versus pressure.
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Oil PVT  (Pressure-Volume-Temperature) properties
encompass the characteristics of petroleum fluids as they respond
to changing conditions of pressure, volume and temperature.
Understanding these properties is paramount for the exploration,
production and processing of oil and natural gas reservoirs'”.
Here’s a concise overview of some key oil PVT properties:

Viscosity: Viscosity gauges a fluid’s resistance to flow and
undergoes variations with changes in temperature and pressure.
Accurate viscosity data is crucial for designing pipelines
and selecting appropriate pumps, ensuring efficient fluid
transportation'.

Compressibility: The compressibility factor of oil indicates
its volume change in response to alterations in pressure and
temperature. This property is vital for estimating volume
variations during production and injection processes, influencing
reservoir behavior.

Bubble Point and Dew Point: These critical points signify the
pressure-temperature conditions at which gas begins to dissolve
into or separate from the oil phase. Understanding these points
is essential for predicting and optimizing reservoir performance,
as well as comprehending phase behavior within the reservoir.

A comprehensive grasp of these oil PVT properties is
indispensable for making informed decisions in the oil and
gas industry, aiding in reservoir management, production
optimization and facility design.Saturation

Pressure: Saturation pressure is the pressure at which the first
bubble of gas appears in the reservoir oil. It helps in understanding
the reservoir’s initial conditions'®.

Formation Volume Factor (FVF): FVF relates the volume of
oil at reservoir conditions to its volume at surface conditions.
It’s essential for converting produced volumes to standard
conditions.

Understanding and accurately characterizing these oil
PVT properties is essential for reservoir engineering, reservoir
management and the design of oil and gas production systems'”.
It ensures efficient and safe extraction and processing of
petroleum resources (Figure 8).
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Figure 8: Gas PVT properties versus pressure.

Gas viscosity and gas formation volume factor are pivotal
properties in the oil and gas industry, playing crucial roles in
various applications. Here’s a detailed exploration of their
significance:

Gas Viscosity:

Definition: Gas viscosity refers to the resistance of a gas to
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flow or its internal friction during movement.

Role: It measures how easily a gas can traverse pipelines or
porous reservoir rocks.

Applications: Gas viscosity is integral to pipeline design, fluid
flow modeling and reservoir engineering.

Impact: It influences pressure drop and flow rate in pipelines,
affecting the efficiency of gas production and transportation.

Factors Affecting Gas Viscosity: Temperature and pressure
are primary influencers. Generally, viscosity decreases with
increasing temperature or pressure.

Gas Formation Volume Factor (FVF):

Definition: Gas FVF represents the ratio of the volume of gas at
reservoir conditions to its volume at surface conditions.

Role: It is crucial for converting measured gas volumes at
surface conditions to reservoir conditions, aiding in estimating
the original gas in place (OGIP) and understanding gas behavior
within a reservoir.

Applications: Gas FVF is essential for reservoir management,
production optimization and determining efficient gas production
and transportation system designs.

Impact: It helps in accurately assessing the behavior of gas
under different pressure and temperature conditions.

Factors Affecting Gas FVF: Pressure and temperature are the
primary factors. Increasing pressure compresses the gas, reducing
volume, while higher temperatures lead to gas expansion and
increased volume.

Both gas viscosity and gas formation volume factor are
indispensable for ensuring effective reservoir management,
optimizing production and designing systems for the safe and
cost-effective utilization of natural gas resources (Figure 9).
Precise measurement and modeling of these properties are
essential for informed decision-making in the industry'®.
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Figure 9: Water-Oil Relative Permeability.

Water-oil relative permeability is a fundamental concept in
reservoir engineering and petroleum geology, providing insights
into the flow of water and oil through porous rock formations in
underground oil reservoirs. Here are key points to understand
about water-oil relative permeability:

Relative Permeability Curve: Representation: Relative
permeability is typically depicted as a curve or set of curves
on a graph, illustrating the relationship between the relative
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permeability of water and oil and the saturation of each fluid in
the porous rock.

Saturation Levels: Saturation levels indicate the fraction of
pore space filled with each fluid and the curves demonstrate how
the availability of pore space for each fluid changes as saturation
levels vary.

Saturation Levels:

Fluid Interaction: Relative permeability curves elucidate how
the availability of pore space for each fluid changes as saturation
levels fluctuate.

Inversely Proportional: The curves reveal an inversely
proportional relationship - as the saturation of one fluid increases,
the relative permeability of the other fluid decreases’.

Understanding water-oil relative permeability is pivotal for
optimizing oil recovery strategies in reservoir management. It
informs decisions related to well placement, the injection of
water or other displacing fluids to enhance oil recovery and
overall reservoir development planning. Accurate knowledge
of these relative permeability characteristics is instrumental
in maximizing the efficient recovery of oil while minimizing
water production. This optimization is crucial for achieving
cost-effective and sustainable reservoir management practices
(Figure 10).

Relative Permeability

Saturation, frac
=-Kr0G :Krg ~Kr0G : Krog

Figure 10: Oil-Gas Relative Permeability.

Understanding oil-gas relative permeability is imperative
for making well-informed decisions in reservoir management,
especially in scenarios where both oil and gas coexist within the
same reservoir. This knowledge is instrumental in optimizing
strategies for efficient hydrocarbon recovery, including gas
injection, gas cycling and enhanced oil recovery (EOR)
techniques. Additionally, it plays a vital role in minimizing
unwanted gas breakthrough and ensuring economically viable
oil production.

History matching, a critical process in reservoir engineering
and oil production, involves adjusting the parameters of a
reservoir simulation model to align with observed field data,
particularly oil production rates and well performance®. The
primary goal of history matching is to enhance the accuracy and
reliability of the reservoir model, rendering it a valuable tool for
reservoir management and production optimization.

Key points about history matching for oil production rate:

Complexity: History matching for oil production rates is a
complex and time-consuming process.
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Objectives: The process aims to improve the accuracy of the
reservoir model and ensure it aligns closely with observed field
data.

Necessities: Successful history matching requires a combination
of engineering expertise, reservoir modeling software and access
to precise field data.

Crucial Step: It is a crucial step in reservoir management,
contributing to the optimization of oil production, enhancement
of recovery strategies and reduction of operational costs while
preserving reservoir integrity.

In summary, understanding oil-gas relative permeability and
engaging in effective history matching processes are integral
components of successful reservoir management (Figure 11)..
These practices enable the optimization of hydrocarbon recovery
strategies, enhance production efficiency and contribute to cost-
effective and sustainable reservoir operations (Figures 12, 13).
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Figure 11: History matching for oil production rate in PAL_0318
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Figure 13 showcases the results of a targeted history
matching process undertaken specifically for well PAL _0790.
The success of this endeavor is clearly evident as the model’s
predictions now closely correspond with the actual production
data observed from the well. This favorable outcome in history
matching, a pivotal step in reservoir engineering, indicates that
the reservoir model has undergone meticulous adjustments to
faithfully replicate real-world conditions. This accomplishment
transforms the model into a valuable tool for reservoir
management and production optimization.

The alignment between the model predictions and actual
production data achieved through history matching enhances
the model’s accuracy and reliability. It allows for more informed
decision-making in reservoir management, enabling the
optimization of production strategies, the evaluation of reservoir
performance and the reduction of operational uncertainties?'.
This successful history matching process stands as a testament
to the refinement and validation of the reservoir model, elevating
its utility in guiding effective and efficient reservoir management
practices (Figure 14).
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Figure 14: History matching for oil production rate in PAL 1001
well.

(Figure 14) provides a visual representation of the history
matching process dedicated to well PAL 1001. The outcomes
unmistakably demonstrate the successful achievement of this
undertaking, with the model’s projections closely aligning with
the observed production data from the well. This noteworthy
accomplishment in history matching, a pivotal phase in
reservoir engineering, underscores the meticulous and accurate
adjustments made to the reservoir model, ensuring its faithful
representation of real-world conditions. Consequently, the
refined model emerges as a highly valuable asset, empowering
improved reservoir management and the optimization of
production processes.

The close alignment between the model’s projections
and the actual production data achieved through history
matching enhances the model’s accuracy and reliability. This
accomplishment is instrumental in making well-informed
decisions for reservoir management, offering insights into
production strategies, reservoir performance evaluation and the
mitigation of operational uncertainties. The success of the history
matching process for well PAL 1001 stands as a testament to
the thorough refinement and validation of the reservoir model,
elevating its utility as a robust tool for guiding effective and
efficient reservoir management practices (Figure 15).
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Figure 15: History matching results of field oil production rate.

(Figure 15) serves as a visual representation of the outcomes
stemming from the effort to align the production rates in the oil
field. In the subsequent stages of the process, particularly for
predictive purposes, the crucial milestone of history matching
must be achieved. This integral step involves ensuring that
the reservoir model aligns closely with actual production data,
faithfully reflecting real-world conditions. It is only through the
successful attainment of history matching that the model evolves
into a reliable tool for forecasting and optimizing production
processes within the oil field.

The importance of history matching lies in its ability to
enhance the accuracy and credibility of the reservoir model.
When the model closely mirrors observed production data,
it becomes a valuable asset for making informed decisions
in reservoir management. This includes forecasting future
production rates, optimizing recovery strategies and minimizing
uncertainties in the production processes. The depiction in
(Figure 15) signifies the successful alignment of the reservoir
model with actual production data, marking a significant step
towards the model’s reliability and its utility in guiding efficient
and effective reservoir management practices (Figure 16).
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Figure 16: History matching results of field water production
rate.

(Figure 16) serves as a visual representation of the results
pertaining to the matching of water field production rates. In
the subsequent stages of the process, particularly for predictive
purposes, the critical achievement of history matching becomes
imperative. This essential step involves ensuring that the
reservoir model aligns closely with actual production data,
establishing a faithful representation of real-world conditions. It
is only through the successful attainment of history matching that
the model becomes a reliable tool for forecasting and optimizing
water field production processes.
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History matching is pivotal for refining the accuracy and
reliability of the reservoir model, allowing it to closely emulate
observed production data. This alignment enhances the model’s
utility in making informed decisions for water field reservoir
management, including the prediction of future production
rates, optimization of recovery strategies and mitigation of
uncertainties in production processes. The depiction in (Figure
16) signifies the successful alignment of the reservoir model with
actual water field production data, marking a significant stride
toward the model’s reliability and its role in guiding efficient and
effective reservoir management practices.

Conclusion

Here is a refined and structured presentation of the provided
information:

3D Geological Modeling: Utilizing the RMS software package
from ROXAR, a comprehensive 3D geological model of the
Mud Pilpilesi deposit was created.

The process commenced with the establishment of a field
database, followed by the construction of a structural model
encompassing the development horizons (QUG, QUQ, QDI,
QD2, QD3, QD4, QDS5, QAl, QA2, QA3, QaLDI, QalLD2,
QaLD3, QaLD4).

Facies and petrophysical modeling were conducted and the
resulting model enabled the calculation of the initial balance
hydrocarbon reserve for the field.

Grid Upscaling for Hydrodynamic Modeling: The 3D
geological grid underwent “upscaling” to align with the
hydrodynamic grid, a crucial step for forecasting and applying
various methods to restore history and enhance processing
efficiency.

Sensitivity Analysis and Uncertainty Study: To evaluate the
impact of parameters on the calculation of the initial balance
hydrocarbon reserve, a sensitivity analysis was performed.

The study also delved into the effect of uncertainties,
providing insights into the robustness of the modeling results.

History Matching:
The history matching process involved:

Determining the optimal horizontal section for horizontal
wells.

Finding the optimal gas-lift gas injection volumes.
Establishing gravel pack parameters.
Defining parameters for water quifer models.

This comprehensive workflow highlights the systematic
approach taken in building, refining and validating the 3D
geological model of the Mud Pilpilesi deposit. The integration
of sensitivity analysis and uncertainty studies enhances the
reliability of the model, while history matching contributes to the
optimization of production strategies and reservoir management.
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