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ABSTRACT

Problem Statement and Purpose. This study presents a comprehensive statistical analysis
and three-dimensional (3D) petrophysical modeling of the Mamuniyat Formation in the Sharara
B-Oil Field, Murzuq Basin, Libya. The primary objective is to evaluate reservoir quality and
spatial heterogeneity by integrating well-log data with geostatistical simulations using industry-
standard petrophysical methods. Through rigorous characterization of effective porosity and
fluid saturation distributions, combined with strict net pay cutoff enforcement (de = 10%, Vsh
< 30%, Sw < 60%), the research identifies the most promising hydrocarbon-bearing zones and
establishes a reproducible framework for reservoir evaluation in data-limited settings.

Data and Methods. An integrated statistical and 3D petrophysical characterization was performed
based on quantitative analysis of wireline log data from nine wells (B01, B03, B05, B10, B12,
B13, B15, B19, B29). Key methodological improvements include effective porosity derived from
density logs with shale correction (®e = ®t x [1-Vsh]) and water saturation calculated using
Murzuq Basin-calibrated Archie parameters (Rw = 0.08 Q-m at 70°C). For wells lacking legacy
saturation curves, values were deterministically reconstructed to ensure dataset completeness.
Petrophysical properties were spatially distributed using Sequential Gaussian Simulation within
a structurally constrained 3D framework, with model accuracy confirmed by blind-well validation.
Hydrocarbon Potential Score (HPS). The HPS is a composite multi-criteria index on a 0
to 1 scale, designed for objective reservoir ranking by integrating normalized petrophysical
parameters weighted as follows: effective porosity (40%), water saturation (25%), shale volume
(15%), total porosity (15%), and net pay thickness (5%). Unfavorable parameters were inverted
during normalization to ensure higher scores consistently reflect superior reservoir quality. The
HPS was calibrated against volumetric hydrocarbon indicators (net pay thickness x oil saturation)
to align quality assessments with actual hydrocarbon column heights.

Results and Discussion. Results reveal pronounced vertical compartmentalization within
the Mamuniyat Formation. The Upper Mamuniyat is identified as the primary reservoir target,
exhibiting superior fluid properties (average Sw = 31.0%, So = 69.0%), consistent net pay
distribution across the field (average thickness 7.1 meters), and the highest HPS score (0.81).
The Lower Mamuniyat serves as a secondary target with highly localized commercial potential; its
field-wide average net pay thickness is limited to 2.1 meters and confined to structurally elevated
zones in the B15 and B29 blocks where hydrocarbon column preservation occurs. Seven wells
display minimal Lower Mamuniyat net pay due to proximity to the regional oil-water contact
(Sw = 64-75%). The Middle Mamuniyat is consistently non-commercial (average Sw = 82.0%,
®e = 9.2%) and functions as a vertical flow barrier. Corrected volumetric analysis confirms that
the Upper Mamuniyat contributes approximately 6.9 times more hydrocarbon volume per well
than the Lower Mamuniyat (hydrocarbon column: 4.90 meters versus 0.71 meters), establishing
it as the optimal development target.
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Introduction

Porosity and water saturation are fundamental
petrophysical properties essential for evaluating
and characterizing hydrocarbon reservoirs [1].
Accurate petrophysical assessment is critical for
effective reservoir estimation and modeling, which
supports optimized production and development
strategies [2]. The Sharara Oil Field, discovered in
1995 by the Libyan National Oil Corporation (NOC),
is located in southwest Libya within the southern
part of concession NC 115 in the Murzuq Basin,
approximately 1000 kilometers south of Tripoli. It
ranks among Libya’s largest oil fields, with estimated
reserves exceeding 11 billion barrels of crude oil
and a production capacity of up to 350,000 barrels
per day. Historically operated by international
companies such as Repsol, Total, and Eni, the field is
currently managed by Akakus Oil Operations [3, 4].

The Murzuq Basin hosts extensive Paleozoic
clastic reservoirs, with the Ordovician-Silurian
Mamuniyat Formation representing a major
hydrocarbon-bearing unit across the basin. Within
the Sharara field complex, the Mamuniyat Formation
is subdivided into three distinct stratigraphic
members: Upper, Middle, and Lower [5]. This
study demonstrates that these members exhibit
unique petrophysical signatures and pressure-
barrier characteristics that dictate the field’s overall
plumbing system. Although previous studies have
established the regional depositional framework
and broad reservoir properties of the Mamuniyat
Formation, significant challenges remain in
translating statistical petrophysical averages into
reliable assessments of commercial hydrocarbon
potential, especially when critical saturation data
are missing from legacy logging suites.

A persistent limitation in characterizing
Paleozoic clastic reservoirs is the reliance on porosity
based statistics without explicitly determining net
hydrocarbon bearing thickness and oil saturation.
Statistical averages of effective porosity or shale
volume can be misleading in heterogeneous
reservoirs, as they do not distinguish between
high quality rock intervals that are water wet and
those containing producible hydrocarbons. This
distinction is particularly important in structurally
complex intracratonic basins, where proximity
to the oil water contact strongly influences fluid
distribution [6].

This study addresses this gap through integrated
petrophysical analysis and three dimensional
modeling of the Mamuniyat Formation in the
Sharara B Oil Field. Well log data from nine wells
including gamma ray, bulk density, and deep
resistivity measurements are used to calculate key
reservoir parameters following industry standard
methodologies. For wells B03, B05, and B12, where
water saturation curves were unavailable, values
were deterministically reconstructed using raw
resistivity and density derived porosity to ensure a
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complete field wide evaluation. These well data are
integrated into a field-scale structural framework
derived from well-top correlations, allowing for the
spatial mapping of reservoir properties relative to
the field’s structural relief and fluid contacts. Central
to this workflow is the explicit determination of
net pay thickness through rigorous simultaneous
application of cutoff criteria for effective porosity,
shale volume, and water saturation [7, 8].

To enable objective reservoir quality ranking, a
Hydrocarbon Potential Score (HPS) is utilized as
a normalized multi parameter index integrating
effective porosity with 40 %t weight, water saturation
25 %, shale volume 15 %, total porosity 15 %, and net
pay thickness 5 %. Parameters are normalized on a
zero to one scale with unfavorable variables inverted
to ensure higher scores consistently reflect better
reservoir quality [9]. The score is calibrated using
volumetric hydrocarbon indicators—specifically the
hydrocarbon column height (H X So)—to ensure
that reservoir quality rankings accurately reflect
movable oil volumes and commercial potential.

In the absence of seismic data, a three-
dimensional reservoir model is constructed using
Sequential Gaussian Simulation (SGS) within
Petrel software. This model incorporates well tops
and upscaled petrophysical properties to generate
continuous distributions of effective porosity and oil
saturation across the field [10]. The geostatistical
approach honors well data while capturing lateral
and vertical heterogeneity typical of glacial-related
reservoir systems. The model’s predictive accuracy
is confirmed through blind-well validation, ensuring
spatial distributions are geologically representative.
While the resulting distributions are log-derived
estimates in the absence of core calibration, the
integration of multiple petrophysical parameters
and blind-well validation ensures a high degree of
reliability for the model’s spatial predictions.

This study establishes a reproducible workflow
for reservoir characterization in data limited settings
by integrating rigorous petrophysical calculations
with volumetric parameter determination and
spatial modeling. The methodology provides a robust
framework to distinguish productive hydrocarbon
intervals from water bearing zones in Paleozoic
clastic reservoirs, with direct applications for
optimizing well placement and completion strategies
in the Murzuq Basin and similar intracratonic
environments.

Geological Setting of Murzuq Basin

The Murzuq Basin, a vast intracratonic basin in
the North African platform, covers over 350,000 km?
[11, 12]. Its current geological boundaries, shaped
by multi-phase tectonic uplifts, differ significantly
from the broader early Paleozoic North African
sedimentary basin [12, 13]. Although multiple
fault generations are recognized, the resulting
deformation is relatively minor [12] (Fig. 1).
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The basin contains up to 4000 m of sedimentary
fill, mainly marine Paleozoic and continental
sequences [12, 14]. The primary hydrocarbon play
is an Ordovician periglacial sandstone reservoir
[11, 15], sealed and sourced by overlying Silurian
shale [15], yielding about 1500 million barrels
of recoverable oil to date [11]. Oil generation
likely occurred during the Cretaceous [11],
though further study is needed to clarify timing.
Subsequent regional uplift and erosion cooled
source rocks, halting further oil generation over
much of the basin [11]. The Silurian source rock
remains within the oil generation window only in
a limited central area [11] (Fig. 2).

Petroleum system effectiveness and the oil
column thickness in the Sharara field depend
directly on the reservoir’s structural elevation
relative to the regional oil-water contact.
Thus, quantifying net pay thickness (H) is
critical, as structural position determines
whether high-quality sandstone is oil-
bearing or water-saturated.

The modern Murzuq Basin formed during
the Mesozoic; before that, the Paleozoic basin
featured NW-SE trending highs and lows [3,
16]. Fault density and structural complexity
increase from the stable south toward the
more faulted northeast and northwest, with
the Tiririne and Traghan highs showing the
most intense faulting [3]. «

The Mamuniyat Formation (Late
Ordovician) is a key oil reservoir, consisting
mainly of interbedded sandstones, shales, and
siltstones [15]. It 1s subdivided into Lower
(LM), Middle (MM), and Upper (UM) units, :
identifiable in outcrops and subsurface [15].

EE

matter [20]. Across multiple wells in License NC-
115, average TOC values range from 4.5% to over
10%, establishing the Hot Shale as an excellent oil-
and gas-prone source rock dominated by kerogen
types II and III [21]. Complementary Rock-Eval
pyrolysis and biomarker analyses indicate that this
unit presently resides within the early oil maturity
window in most areas, although regional variations
reflect differing burial depths and thermal histories
[22].

Hydrocarbon  generation in the basin
has been strongly influenced by its complex
tectonostratigraphicevolution,includingreactivation
phases linked to the Caledonian, Hercynian, and
Alpine orogenic events. These tectonic episodes
produced variable subsidence, uplift, and heat
flow regimes across the basin. Thermal modeling
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formation water. While the Upper Mamuniyat
1s the main target, the Middle and Lower units
show significant petrophysical heterogeneity
that requires volumetric analysis to assess
their reservoir potential.
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Petroleum System of Murzuq Basin
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The Murzuq Basin, situated in
southwestern Libya, is a prolific intracratonic
sag basin characterized by a petroleum system
dominated by Paleozoic strata, primarily
defined through the Tanezzuft Mamuniyat/
Hawaz play. Central to this system is the
Lower Silurian Tanezzuft Formation, notably
its basal “Hot Shale” member, which constitutes
the principal hydrocarbon source rock. Geochemical
investigations have demonstrated exceptionally
high organicrichness within thisinterval, with Total
Organic Carbon (TOC) values reaching up to 17%
in localized depocenters where anoxic depositional
conditions enabled excellent preservation of organic

" NC115 Concession
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12°20E

Fig. 1. Map of Libya showing major sedimentary basins, the NC115 Con-
cession, and its oilfields. Basin boundaries adapted from [17] as cited in
[18].

suggests that initial maturation commenced during
the Late Paleozoic, while the principal phase of oil
generation and expulsion occurred in the Mesozoic,
particularly throughout the Cretaceous period. This
timing corresponds with increased burial depths
and elevated geothermal gradients, which drove
the Hot Shale into peak oil generation [23, 24].
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Fig. 2. North—south cross-section of the Murzuq Basin (after [19] as cited in [18]). The cross-section location is shown in Fig. 1.

The synchronization of hydrocarbon generation
with structural trap formation facilitated effective
migration and entrapment into underlying reservoir
units. In the Sharara B Oil Field, the effectiveness
of this entrapment and the resulting oil saturation
(So) are highly dependent on the vertical proximity
to the Tanezzuft source and the structural seal
integrity, which ultimately determines the net pay
thickness (H).

The primary reservoirs are the Upper
Ordovician Mamuniyat Formation and the Middle
Ordovician Hawaz Formation, both comprised of
siliciclastic sediments deposited under distinct
paleoenvironmental conditions. The Mamuniyat
Formation features fluvial to shallow marine
sandstones, frequently filling incised valleys formed
during the Hirnantian glaciation, and exhibits
favorable petrophysical characteristics with
porosities exceeding 20% and permeabilities above
100 millidarcies in key fields [25, 26]. Similarly, the
Hawaz Formation consists of tidally influenced, fine-
grained quartzarenites with good reservoir quality,
notably on structural highs where diagenetic
alteration was minimal [27, 28]. Seismic data
reveal well-developed channel systems and onlap
and truncation geometries consistent with valley-
fill depositional settings, underscoring their role as
major hydrocarbon-bearing intervals [25, 29]. While
these units have significant gross thickness, the
actual net pay (H) is often vertically restricted. In
this study, the volumetric evaluation confirms that
productive oil saturation (So) is concentrated in the
Upper Mamuniyat, whereas the deeper intervals
often transition into formation water-bearing zones.

Seal integrity for these reservoirs is provided
by the overlying Tanezzuft shales, which function
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as both top and lateral seals due to their extensive
regional  distribution, ductile nature, and
extremely low permeability. Their thickness and
lateral continuity ensure effective stratigraphic
containment, especially when combined with
structural features such as faulted anticlines and
paleo-highs linked to basement-involved tectonics
[23, 30]. Integrated seismic and well-log analyses
confirm strong source reservoir seal configurations
throughout the basin, solidifying its position as
one of the most significant hydrocarbon provinces
in North Africa [25, 31]. The interplay of high-
quality source rocks and effective seals defines the
hydrocarbon column, where the oil saturation (So)
remains highest in structurally elevated zones and
diminishes toward the regional oil-water contact,
where formation water becomes dominant.

Methodology

Nine wells (B01, B03, B05, B10, B12, B13, B15,
B19, and B29) were analyzed using Gamma Ray (GR),
Bulk Density (RHOB), and Deep Resistivity (LLD/
LLS) logs, sampled at 0.5-foot intervals (Fig. 3). The
Mamuniyat Formation was subdivided into Upper,
Middle, and Lower members using formation tops
validated through GR and sonic log correlation. To
ensure a consistent spatial framework, these vertical
subdivisions were integrated into a 3D stratigraphic
reconstruction (Fig. 4). This step was essential to
verify the lateral correlation and stacking patterns
of the members across the study area prior to the
calculation of petrophysical averages. Lithology was
further confirmed via density-neutron crossplots to
ensure sandstone identification and eliminate gas-
crossover effects (Fig. 5).
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Fig. 3. Structural petrophysical correlation across the study area (S-N transect). The section illustrates the stratigraphic continuity of
the Upper, Middle, and Lower Mamuniyat members. Note the Middle Member acting as a field-wide shale-rich vertical flow barrier,
effectively isolating the primary Upper reservoir from the Lower reservoir units.

Volume of Shale (Vsh)
Determination

Shale volume was calculated
using the linear gamma ray method
with basin-calibrated baselines [1]:

Vsh=(GR,_,-GR_ )/ (GR_ -
GR,_ ) where GR =20 API (clean
sand baseline) and GR _, =100 API
(shale baseline), verified across all
wells. Vsh values were constrained
to the 0.0-1.0 range to ensure
physical validity.

Total and Effective Porosity
Determination

Total porosity (Pt) was derived
exclusively from bulk density logs
using the standard sandstone
matrix density [1]:

ot = (2.66 - RHOB) / 1.65
where RHOB is bulk density in g/
cc and 2.65 glcc represents quartz
matrix density. Effective porosity
(®e) was calculated using shale-
corrected density porosity as
required by industry standards:
®e = Ot x (1 — Vsh) This approach
eliminates the significant porosity
underestimation inherent in non-
standard  methods.  Secondary
porosity calculations were excluded

- Upper Mamuniyat
- Middle Mamuniyat
- Lower Mamuniyat

781000
782000
783000
X . 784000

00ry:.
gy, 785000
= 786000 2.012

787000

Fig. 4. 3D subsurface model illustrating well trajectories and lithological intervals. The
visualization highlights the clear three-member subdivision of the Mamuniyat For-
mation throughout the study area. Colors indicate the Upper Member (red), Middle
Member (blue), and Lower Member (green).
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Fig. 5. Structural contour maps of the Mamuniyat Formation in the study area. (A) Top Upper Mamuniyat member, showing the lo-
calized distribution and pinch-out towards the Southwest; (B) Top Middle Mamuniyat member, representing the continuous field-wide
structural framework; (C) Top Lower Mamuniyat member. Contours are in feet below sea level (TVDSS), highlighting the structural

high in the Northeastern sector.

as they do not correlate with permeability in these
tight sandstones.

Water and Oil Saturation Determination

Water saturation (Sw) was computed using
Archie’s equation with Murzuq Basin standard
parameters [32]:

witha=1.0,m=2.0,n=2.0,and Rw=0.08 @ 'm
@ 70°C. For wells B03, B12 (Upper Mamuniyat),
and B05 (Lower Mamuniyat) where Sw curves
were unavailable, values were deterministically
reconstructed from raw Rt and density logs to
ensure field-wide dataset integrity. All saturation
values were calculated as fractions for mathematical
operations and subsequently converted to
percentages for reporting and visualization. Oil
saturation was calculated as So =1 — Sw.

Net Pay Definition and Thickness
Calculation
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Net pay intervals required strict simultaneous
satisfaction of all three industry-standard cutoffs:
®e > 10%, Vsh < 30%, and Sw < 60% (So >
40%). Intervals failing any single criterion were
excluded regardless of gross thickness [8]. Total
net pay thickness (H) was calculated by summing
0.5-ft depth increments meeting all three criteria.

Quality Control Protocol

All calculations underwent mandatory three-
tiered validation: depth consistency (0.5-ft
sampling), parameter range verification (RHOB:
2.0-2.8 glce; GR: 15-150 API), and physical
consistency checks (®e < @t and Sw > So) [33].

Hydrocarbon Potential Score (HPS)
Formulation

The HPS was created as a composite multi-
criteria index to objectively rank reservoir quality.
Parameters were normalized to a 0-1 scale,
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Fig. 6. Spatial distribution of petrophysical properties across the Sharara B-oil field. (A) Average effective porosity (de) of the Upper
Mamuniyat; (B) Oil saturation (So) of the Upper Mamuniyat; (C) Water saturation (Sw) of the Lower Mamuniyat. The maps demon-
strate high reservoir quality and hydrocarbon concentration in the Northwest, contrasted by high water saturation in the Lower member

across most of the field.

with unfavorable variables (Vsh, Sw) inverted.
Parameters were weighted based on geological
significance: ®e (40%), Sw (25%), Vsh (15%), Ot
(15%), and H (56%). The HPS was calculated as:
HPS = (0.40 x ®de_norm) + (0.25 X Sw_norm) +
(0.15 x Vsh_norm) + (0.15 X ®@t_norm) + (0.05 X H_
norm) Calibration against volumetric indicators
(H X So) ensured the index represents recoverable
volumes. HPS values above 0.70 correspond to
So > 60% and ®e > 12%, while scores below 0.40
indicate water-dominated zones (Sw > 75%).

3D Reservoir Modeling Workflow

The structural framework was developed in
Petrel using horizontal cell dimensions of 50 X 50
meters. Recalculated parameters were upscaled to
1-foot intervals while preserving net pay flags at
a finer resolution of 0.5 feet. Sequential Gaussian
Simulation (SGS) [34] was conducted separately
for each reservoir member, with variogram ranges
reflecting channel architecture—300 meters
horizontally and 5 meters vertically. Model validation
at well locations, including a blind-well test at B19,
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showed deviations below 8%, comfortably within the
15% industry acceptance criterion.

Critical Distinction from Conventional
Approaches

This methodology minimizes errors by employing
density-based shale-corrected effective porosity
(Pe), basin-standard Archie parameters, and strict
simultaneous application of cutoff criteria. The
workflow complies with industry standards and
has been validated against regional petrophysical
studies of the Mamuniyat Formation in the Murzuq
Basin [18, 25, 35], which confirm the reliability of
these thresholds for distinguishing productive net
pay in Paleozoic clastic sequences.

Results

All petrophysical parameters were calculated
using industry-standard deterministic methods
(Figs. 6 and 7). Critical corrections applied to




ISSN 2410-7360 (Print)
ISSN 2411-3913 (Online)

BicHuk XapkiBcbkoro HauioHanbHoro yHiBepcuteTy imeHi B.H. Kapasita Cepis «leonorisi. leorpacpisi. Exonoris» 1 2026 1 64 ' C. 95-108
Visnyk of V. N. Karazin Kharkiv National University, Series Geology. Geography. Ecology 2026 ' 64 ' 95-108

784000.0E

784000.0E

2919000.0N
+

Net Pay Thickness (m) .
Upper Mamuniyat 9

8.1
- X

0 1 2
4.9 I —

2912000.0N

2919000.0N

6319
Net Pay Thickness (m) .

\

Lower Mamuniyat N

- 13.9 4

2912000.0N

Mo

Fig. 7. Net Pay Isopach maps comparing the two reservoir units. (Left) Upper Mamuniyat net pay, showing a consistent and continu-
ous reservoir sheet; (Right) Lower Mamuniyat net pay, illustrating the restricted, localized accumulation in the Northeast. The disparity
in pay distribution visually supports the 6.9-fold difference in hydrocarbon volume between the two members.

the dataset include: (1) ®e derived from density
logs with mandatory shale correction [Pe = ®t X
(1-Vsh)]; (2) Sw calculated using Murzuq Basin
calibrated parameters (Rw = 0.08 Qm @ 70°C,
a=1.0, m=2.0, n=2.0); and (3) the simultaneous
application of net pay cutoffs.

Well-by-Well Net Pay Distribution and Oil
Saturation

Table 1 presents the verified net pay thickness
and oil saturation for all nine wells. The results show
that the Upper Mamuniyat consistently contributes
to the pay across the field, whereas the Lower
Mamuniyat meets the productivity criteria only in
structurally elevated locations (specifically Wells
B15 and B29). In the other seven wells, the Lower
Mamuniyat does not meet the saturation cutoff
(Sw < 60%) and is therefore classified as water-
bearing.

Comparative Member Statistics and Field
Averages

The reservoir exhibits significant internal
heterogeneity. Table 2 summarizes the reservoir

statistics. The Upper Member is identified as the
primary target due to its high average oil saturation
(So avg. 69%), whereas the Middle Member
functions as a regional seal or baffle, characterized
by a high average shale volume (24.8%).

Well Ranking and Potential

The Hydrocarbon Potential Score (HPS)
was used to rank the wells, as shown in Table
4. This ranking balances rock quality and fluid
saturation. Wells B15 and B29 rank highest due
to contributions from both reservoir members,
while Well B12 stands out as the highest-quality
producer from a single member (Fig. 8).

Water Saturation Distribution

Table 4 presents the recalculated water
saturation (Sw) values using Murzuq Basin
standard parameters (Rw = 0.08 Qm @ 70°C,
a=1.0, m =20, n = 2.0) with effective porosity
(®e) derived from density logs. The verified
data confirm that the Upper Mamuniyat across
all nine wells maintains high oil saturation
(Sw =22.5% — 40.0%), reinforcing its status as the

members, while Table 3 presents field-wide primary reservoir target.
Table 1
Net Pay Thickness (H) and Oil Saturation (So) for All Wells
Well ID Gross Thickness (m) Net Pay H (m) Avg. ®e (%) Avg. So (%) Primary Pay Zone
BO1 111.0 5.4 12.1% 68.0% Upper Member
B03 145.0 6.8 13.5% 65.0% Upper Member
B05 132.5 7.2 12.8% 66.0% Upper Member
B10 128.0 4.9 11.9% 62.0% Upper Member
B12 118.5 8.1 14.2% 70.0% Upper Member
B13 122.0 6.3 12.5% 67.0% Upper Member
B15 139.5 21.4 15.6% 64.0% Upper & Lower
B19 115.0 7.5 13.9% 69.0% Upper Member
B29 126.0 19.8 15.2% 65.0% Upper & Lower
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Table 2
Comparative Statistics of Reservoir Members
Reservoir Member Avg. ®e (%) Avg. Vsh (%) Avg. Sw (%) Avg. So (%) HPS Status
Upper Member 14.8% 12.5% 31.0% 69.0% 0.81 Primary Pay
Middle Member 9.2% 24.8% 82.0% 18.0% 0.26 Non-Commercial
Lower Member 11.4% 18.2% 66.0% 34.0% 0.39 Secondary Pay*
Table 3
Field-Average Petrophysical Parameters Within Net Pay Intervals
Parameter Minimum Maximum Average Std. Deviation
Eff. Porosity (®Pe) 10.0% 22.4% 14.8% 3.1%
Shale Volume (Vsh) 4.0% 30.0% 12.5% 6.5%
Water Sat. (Sw) 22.5% 60.0% 31.0% 8.2%
Oil Sat. (So) 40.0% 77.5% 69.0% 8.2%

In contrast, the Lower Mamuniyat intervals
in wells B01, B03, B05, B10, B12, B13, and B19
remain predominantly water-bearing (Sw = 64.2% —
75.1%) and do not meet the saturation cutoff criteria
(Sw<60%), excluding them from net pay calculations.
Only the structurally elevated wells, B15 and B29,
retain commercial Lower Mamuniyat pay with Sw
values of 38.5% and 37.2%, respectively.

Notably, the calibrated model confirms that
Well B12 successfully penetrated the Upper
Mamuniyat, contributing 8.1 m of high-quality
net pay to the field totals.

3D Reservoir Property Distribution

The 3D static model was populated using a
Sequential Gaussian Simulation (SGS) algorithm,

honoring the updated petrophysical cutoffs
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Fig. 8. Spatial distribution of the Hydrocarbon Potential Score
(HPS). This integrated map ranks well productivity based on
normalized petrophysical parameters. The Northeastern sec-
tor (Wells B12, B15, and B29) exhibits the highest potential
(HPS > 0.80), identifying it as the primary target for future field
development and infill drilling.
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Table 4
Ranking of All Nine Wells by Hydrocarbon
Potential Score (HPS)

Rank | Well ID | HPS Primary Driver Potential
1 B12 | o.gg |BestSoandclean- | o) oyont
liness
2 B15 | 084 g'gh Net Pay (Dual /o Good
one)
3 B29 | 0.82 | High NetPay (Dual 1y, 004
Zone)
4 BO1 0.76 | High Upper So Good
5 B19 0.74 | Consistent Porosity | Good
6 BO5 0.72 | Moderate Vsh Good
7 B13 | 0.69 |Midrange Satu- | g i
ration
8 BO3 066 Thickness-driven Fair
score
9 B10 062 Lower Porosity Fair
Trend

and net pay values. The spatial distribution of
reservoir properties highlights several critical
trends across the field:

Effective Porosity (®e): The Upper Mamuniyat
exhibits the most consistent lateral continuity, with
values ranging from 12% to 18%. Spatial analysis
confirms a significant reservoir quality improvement
toward the northeastern sector of the B-Field.

Oil Saturation (So): The saturation model
highlights a clear stratigraphic divide. The
Upper Member is oil-saturated across the entire
structural crest, maintaining an So > 60% across
89% of its net pay intervals. Conversely, the Lower
Member pay is strictly localized to the highest
structural closures within the B15/B29 block,
indicating a deeper oil-water contact (OWC) or a
distinct stratigraphic trap for the lower unit.

Net Pay Thickness: The greatest accumulations
of net pay are concentrated in the northeastern
structural high. For the Lower Mamuniyat,
commercial pay is restricted to this high-relief zone,
whereas the Upper Mamuniyat pay is distributed
more broadly across the structural closure.
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Table 5
Water Saturation (Sw) Distribution by Reservoir Member

Well Upper Member Sw (%) Middle Member Sw (%) Lower Member Sw (%) Status

BO1 32.0% 85.2% 64.2% Upper Pay
BO3 35.0% 88.0% 68.5% Upper Pay
B05 34.0% 84.5% 65.0% Upper Pay
B10 38.0% 92.1% 75.1% Upper Pay
B12 30.0% 81.4% 66.8% Upper Pay
B13 33.0% 89.2% 72.4% Upper Pay
B15 36.0% 82.0% 38.5% Dual Pay
B19 31.0% 83.5% 69.2% Upper Pay
B29 35.0% 80.8% 37.2% Dual Pay

Model Validation and Uncertainty

All 3D property distributions honor the
verified net pay thicknesses established in the
well-by-well analysis (Table 1). To ensure model
reliability, a blind-well validation was performed;
the simulated net pay at well locations deviates
by less than 8% from the calculated log values.
This level of variance is well within the industry-
standard 15% acceptance criterion, confirming
that the 3D model is a robust representation of
the Mamuniyat reservoir architecture.

The 3D model respects the log-derived
petrophysical averages established in this study.
While these results remain estimates due to the
lack of core data for calibration, the blind-well
validation deviation of less than 8% demonstrates
that the workflow generates a geologically
representative property distribution suitable for
development planning.

Critical Findings Summary

Upper Mamuniyat is unequivocally the primary
reservoir target in all 9 wells based on So (69.0%)

Lower Mamuniyat pay 1is restricted to
structural highs; elsewhere it is a water-bearing
aquifer (Sw > 64.0%).

Middle Mamuniyat 1is consistently non-
commercial and serves as a significant vertical flow
baffle (Vsh = 24.8%), which, combined with near-
complete water saturation (Sw = 82.0%), effectively
compartmentalizes the reservoir units.

Discussion

The integration of  three-dimensional
petrophysical modeling with rigorously calculated
volumetric parameters reveals a reservoir
system characterized by significant vertical
compartmentalization and lateral heterogeneity
within the Mamuniyat Formation of the Sharara
B Oil Field. This study emphasizes that a reliable
assessment of commercial potential requires
explicit integration of net pay determination
alongside oil saturation -calculations, rather
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than relying solely on porosity metrics. The
methodology employs industry standard effective
porosity derivation (®e = @t X (1 — Vsh)) combined
with Murzuq Basin calibrated water saturation
calculations (Rw = 0.08 Q‘m). This approach
provides a physically consistent framework to
distinguish hydrocarbon bearing intervals from
water saturated zones, utilizing deterministic
reconstruction of Sw from raw resistivity and
density logs for wells lacking legacy calculations.

The Upper Mamuniyat is identified as the
primary reservoir target based on three key
factors. It exhibits superior fluid properties
with an average water saturation of 31.0 % and
oil saturation of 69.0 %, indicating effective
hydrocarbon column preservation above the
regional oil water contact. Net pay distribution
1s consistent across the field, averaging 7.1
meters in thickness, reflecting excellent lateral
continuity of productive intervals. Additionally,
the Hydrocarbon Potential Score (HPS) averages
0.81, which is the highest among all Mamuniyat
members, quantitatively confirming its superior
integrated rock fluid properties.

The Lower Mamuniyat serves as a secondary
reservoir target with highly localized commercial
potential. Despite a greater gross thickness
averaging 15.4 meters, its field wide net pay
thickness is limited to 2.1 meters after applying
consistent cutoff criteria, including effective porosity
of at least 10 %, shale volume no greater than 30 %,
and water saturation less than or equal to 60 %.
Productive intervals are confined to structurally
elevated zones in the northeastern field area (B15
and B29), where average oil saturation reaches
74.5 %. In contrast, most wells exhibit minimal or
no Lower Mamuniyat net pay due to proximity to
the regional oil water contact, resulting in elevated
water saturation ranging from 64 to 75 % and
effective porosity in non-pay intervals reduced to
between 7.9 and 9.8%, falling below the established
10% cutoff. This spatial constraint reflects the
dominant influence of structural position on
hydrocarbon preservation and is consistent with
structurally controlled hydrocarbon retention above
a tilted regional oil-water contact (OWC).
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The Middle Mamuniyat is consistently non-
commercial throughout the field, with average
water saturation of 82.0 % and effective porosity
of 9.2 %. These values systematically fail to meet
net pay criteria, confirming the unit’s role as a
vertical flow barrier between the Upper and
Lower reservoir units. Elevated shale content of
approximately 25 %, combined with near complete
water saturation, creates an effective baffle that
compartmentalizes the reservoir system.

The Hydrocarbon Potential Score (HPS) offers
a robust multi criteria index for ranking reservoir
quality by integrating normalized values of
effective porosity (40 %), water saturation (25 %),
shale volume (15 %), total porosity (15 %), and
net pay thickness (5 %). Calibration against
volumetric hydrocarbon indicators confirms that
HPS values above 0.70 consistently correspond
to intervals with oil saturation greater than or
equal to 60 % and effective porosity greater than
or equal to 12 %, while scores below 0.40 indicate
water dominated zones. The zonal HPS ranking —
Upper 0.81, Lower 0.39, and Middle 0.26 —
accurately reflects the reservoir quality hierarchy
and distinguishes intrinsic reservoir quality from
total volumetric contribution.

A key insight from this study is the
quantitative distinction between reservoir quality
and volumetric contribution. This principle is
quantified through the hydrocarbon column
metric (H X So), which accounts for both pay
thickness and oil saturation:

Zone Avg. Net Avg. Oil Satura- | Hydrocarbon

Pay (H) tion (So) Column (m)

Uppe_r 7.1 meters 69.0 % 4.90 meters
Mamuniyat

Lowe_r 2.1 meters 34.0 % 0.71 meters
Mamuniyat

This calculation confirms that the Upper
Mamuniyat contributes approximately 6.9 times
more hydrocarbon volume per well than the Lower
Mamuniyat on a field wide basis. The Lower
Mamuniyat’s contribution is significant only in
the restricted northeastern structural high where
hydrocarbon column preservation occurs.

Three dimensional modeling reveals critical
spatial patterns for development planning. The
Sequential Gaussian Simulation (SGS) model
honors the verified net pay thicknesses, and
blind well validation at B19 showed a deviation
of less than 8 %, well within the 15 % industry
acceptance criterion. This confirms the model
as a robust representation of the Mamuniyat
architecture. Commercial potential within the
Lower Mamuniyat is limited to the northeastern
structural high, while 78 % of the field area
contains water dominated intervals in this unit.

These findings support a tiered development
strategy. First, prioritize Upper Mamuniyat

105

completions field wide due to consistent pay
distribution. Second, selectively target Lower
Mamuniyat  completions in  structurally
confirmed sweet spots. Third, treat the Middle
Mamuniyat as a flow barrier in reservoir
simulations to accurately represent vertical
compartmentalization. This methodology
provides a reproducible framework for reliable
reservoir evaluation in the Sharara B Oil Field
and similar data limited settings.

Conclusion

This study offers a petrophysically consistent
characterization of the Mamuniyat Formation
in the Sharara B-Oil Field using industry-
standard parameter calculations and rigorous
net pay determination. The evaluation employs
density-derived effective porosity (e = @t X [1-
Vsh]), Murzuq Basin-calibrated water saturation
(Rw =0.08 Q ‘'m at 70°C), and strict simultaneous
cutoff criteria (Pe > 10%, Vsh < 30%, Sw < 60%).
By deterministically reconstructing missing
logging data for critical wells, this study ensures
a complete and verified field-wide dataset for the
first time.

The Upper Mamuniyat is clearly the primary
reservolr target, exhibiting superior fluid
properties with an average water saturation of
31.0% and oil saturation of 69.0%. It maintains
consistent net pay across the field, averaging
7.1 meters in thickness, and achieves the
highest Hydrocarbon Potential Score (HPS) of
0.81. In contrast, the Lower Mamuniyat serves
as a secondary target with highly localized
commercial potential. Its field-wide average net
pay thickness is limited to 2.1 meters and is
confined to the northeastern structural high (B15/
B29), where hydrocarbon column preservation
occurs. Outside this structural closure, the
Lower Member is predominantly water-bearing,
with saturations exceeding 64%. The Middle
Mamuniyat is confirmed as non-commercial
field-wide, acting as a 15-meter thick vertical
flow barrier and baffle.

Volumetric analysis confirms that the Upper
Mamuniyat contributes approximately 6.9 times
more hydrocarbon volume per well than the
Lower Mamuniyat, with average hydrocarbon
columns (H x So) of 4.90 meters versus 0.71
meters, respectively. Three-dimensional property
distributions were validated through a blind-well
test at the B19 location, yielding a deviation of
less than 8%, confirming the model’s reliability
for development planning. This workflow
demonstrates that robust reservoir evaluation
must integrate volumetric parameters with
spatial quality indicators to avoid misclassifying
water-bearing intervals, providing a solid
foundation for targeted completion strategies in
the Sharara B-Oil Field.
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Mopsika: ABTOpPW BWUCNOBMIOOTb BAAYHICTb AHOHIMHOMY PELEH3EeHTY
Ta pedakTopy 3a UiHHI 3ayBaXeHHS 1 BiAryku, WO CYTTEBO MOKpaLLunu
AKICTb pyKOMNMCY.

BHecok aBTopiB: Yci aBTOpY 3p06Mnu piBHOLHHWI BHECOK y pO3pobKy
KOHLenuii Ta An3anHy AOCRILKEHHS, aHani3 AaHuWX i MiAroToBKy pykonucy
KoHdnikT iHTepeciB: aBTOpy 3acBiguyloTb, LIO, HE3BAXauM Ha
Te, WO OAVH i3 aBTOPIB CTaTTi € YNEeHOM pedaKLiiHOi Komerii Lboro
XKypHasny, NpoLec peLeH3yBaHHs, MPUAHATTS PilleHHs Woao ny6nikavii
Ta pefaryBaHHs MPOBOAMINCS He3anexHo, 6e3 Woro y4acTi Yu BnnmBey.
Byab-siki  MOTEHUiNHI  KOHGMIKTW iHTEpeciB Oynu MOBHICTIO YCyHEHi
LUMSAXOM 30BHILUHBOTO KOHTPOTIO MPOLIECY.

Oeknapauis npo BUKOPUCTaHHAi TeHEpPaTUBHOIO  LITYYHOro
iHTenekTy: ABTOpW BWKOPWUCTOBYBanM iHCTPYMEHTU reHepaTUBHOIO
wTyyHoro iHTenekTy (GenAl) ans pgomomixHoi pobotu: Elicit 6yno
3anyyeHo Ans gonomorn B nepernsai niteparypu, a QuillBot — ans
[OMOMOrM B pefaryBaHHi TekcTy. Yci pesynstatn pobotv 3 Lymu
iHCTpyMeHTamy Bynn  peTenbHO  KOHTPOMbOBaHI, NepeBipeHi Ta,
3a HeoOxigHoCTi, BigpenaroBaHi aBTOpamu. ABTOPU HECYTb MOBHY
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BiZNOBiAAnbHICTb 3a 3MICT Ta LinicHICTb nybnikawii.

Cratucruunuii i 3D-nerpodisuynumii anas1i3 mIacTiB KOJIEKTOPIB i epeKTUBHOT

npoayKTuBHOI ToBuIi mutacta MamyHiar, uadgprose pomosume Ilapapa B,
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AHOTALIA

Y uboMy JoCnimKeHHi NPeACTaBMNEHO KOMMMEKCHWIA CTaTUCTUYHWIA aHanis i TpueuMipHe (3D)
neTpodisnyHe MogentoBaHHs dopmMaLlii MamyHisT Ha HadhToBoMy poaoBwLi LLlapapa B, 6aceitH
Mypayk, JiBis. OCHOBHOIO METOH € OLiHKa SIKOCTi KOrleKTopa Ta NpOCTOPOBOI HEOAHOPIAHOCTI
LUNSXOM iHTerpaLii AaHux KapoTaxy 3 reocTaTUCTUYHUM MOAESIOBAHHAM 3 BUKOPUCTaHHSIM
neTpodisnyHNX METOAJB MPOMMUCIIOBOrO CTaHAApTy. 3aBOskM  uiTKi  XapaKTepUCTUK
eeKTMBHOI MOPWUCTOCTI Ta po3nodiny IoigHOT HAaCMYeHOCTi, Y MOEAHaHHI i3 CyBOpUM
[OTPUMaHHAM HopMu YucToi npogyktusHocTi (Pe = 10%, Vsh < 30%, Sw < 60%), JocnipxeH-
HSl BM3HA4yae HanbinbLl NepcnekTUBHI BYrNeBOAOBMICHI 30HM Ta BCTaHOBIIOE BiATBOPHOBaHY
CTPYKTYPY ANst OLiHKM KONeKTopa B yMoBax 0BMEXEHOI KinbKoCTi AaHuX. Ha OCHOBI KinbkicHOro
aHarni3y KapoTaXHUX AaHKX i3 AeB’STU CBEPANOBUH Gyna NnpoBeAeHa KOMMIIEKCHa CTaTUCTUYHA
Ta 3D-neTpodpianyHa xapaktepucTuka. Krno4yoBi MeTOAOMOriYHI YAOCKOHANEHHS BKMIOYalOTh
edeKTVBHY MOPUCTICTb, OTPUMaHy 3 KapoTaxy LUiMbHOCTI 3 MOMpaBKOK Ha FMUHUCTICTb Ta
BOAOHACWYEHICTb, po3paxoBaHy 3a AOMOMOrol napameTpis Apui, BiakanibposaHux y 6acei-
Hi Mypayk. [ins cBepAnoBuH, y SKUX BiACYTHI 3acTapini KpWBi HAaCMYEHHs!, 3Ha4eHHs Oynu
[eTepMiHOBaHO PEKOHCTPYMNOBaHi, o6 3abeaneunTn NoBHOTY Habopy AaHuXx. MNeTpodidnyHi
BnacTMBOCTi 6ynu po3nogineHi B NpocTopi 3a A0NOMOrot0 NOCIif0BHOMO MoAentoBaHHs ayca B
pamKkax CTpyKTypHO 0bmexeHoi 3D-CTpYKTYpH, 3 TOUHICTIO MOAEN, MiATBEPIKEHO BanigaLjieto
cninux cBepAnoBWH. PesynbTaTi nokasyloTb BUpaXeHy BepTUKanbHy KOMnapTMeHTanisawiio B
mexax popmadii MamyHisT. BepxHin MamyHIST BUSHAYEHO ik OCHOBHUI LIiNbOBUIA pe3epByap,
Lo AeMOHCTPYE YyaoBi BnacTueocTi chritoigy (cepepHinn Sw = 31,0%, So = 69,0%), nocnigos-
HUWIA PO3NOAIN YUCTOT NPOAYKTUBHOCTI MO POAOBWLLY (CEpeaHs ToBLUMHA 7,1 MeTpa) i HaNBULLIMIA
6an HPS (0,81). HwkHin MamyHisT cnyuTb ApyropsigHuM 06’eKTOM 3 BUCOKO NoKanisoBaHnm
KOMEpLUiHAM MOTEHLjanoM; oro CepeaHsl KOpUCHa TOBLUMHA NPOAYKTMBHOCTI B MacluTabi
poaoBuLa obMexeHa 2,1 M i npuypodeHa Jo CTPYKTYPHO NigHATUX 30H y Briokax B15 i B29,
e BiobyBaeTbcs 30epexeHHsi ByrmeBogHeBoi koroHu. CiM CBepanoBWH [OEMOHCTPYHTb
MiHiManbHy npoAyKTUBHICTb HwxHboro MamyHisiTa uyepe3 6GnMM3bKICTb A0 perioHanbHOro
HadhTOBO-BOASIHOTO KOHTaKTY. CepepHilt MaMyHisT € cTabinbHO HEKOMEpPLIHIM i (hyHKLIIOHYE sk
H6ap’ep Ans BepTUKanbHOro NoToky. BunpaeneHuin o6’emHuiA aHani3 nigTeepaxye, Wwo BepxHin
MamyHisT 3abesneuye npubnusHo B 6,9 pasis binblue 06’'eMy ByrnmeBOAHIB Ha CBEPATIOBUHY,
HixX HkHiI MamyHisT, BCTaHOBMIOYM 10T0 SIK ONTUMasbHY Linb po3pobku.
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IHOOPMALIA MPO CTATTIO :

Pykonuc Haginwos
9 ciyHg 2026

OTpumMaHo nicns peLeH3yBaHHsI
23 bepesHst 2026

3aTBepaXeHO [0 APYKY
25 TpaBHa 2026

Ony6nikoBaHO OHNamH
30 TpaBHs 2026

Knio4vyoBicnoBa:

dopmauis  MamyHiAT, xapaktepuctuka
KOnekTopa, MpOAYKTUBHICTb,  HadTo-
HacuyeHicTb, 3D reoctatuctnyHe mope-
noBaHHs, 6aceitH Mypayk, Jlisis.
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