Vol.4, No.4, Page 1924- 1937, 2026 https://doi.org/10.59628/jast.v4i4.2602 ISSN 2958-9568 JAST

ana'a University Journal of Applied Sciences and Technology

3D Static Geological Model and Volumetric
Assessment of the Upper Qishn Clastic in Al
Roidhat Field, Yemen

Saddam AL-Sofi '*, Mohammed Hail Hakimi?, Adel Mohammad Al-Matary?
and Bassim S. Al khirbash'

"Department of Earth Sciences, Faculty of Petroleum and Natural Resources, Sana’a University, Sana’a, Yemen,
2Department of Geology, Faculty of Applied Science, Taiz University, 6803 Taiz, Yemen,
SDepartment of Petroleum Engineering, Faculty of Petroleum and Natural Resources, Sana’a University, Sana’a, Yemen

*Corresponding author: ibnalhakimi@yahoo.com

ABSTRACT

This study addresses a critical knowledge gap by presenting the first comprehensive 3D static geological model
of the heavy-oil-bearing Upper Qishn Clastic Member in the Al Roidhat Field, Yemen. The model integrates data
from eight wells. The workflow encompassed structural modeling, stratigraphic zonation into three reservoir
units (S1, S2, S3), facies modeling using Sequential Indicator Simulation (30 realizations), and petrophysical
property modeling using Sequential Gaussian Simulation. Probabilistic volumetric assessment was based on
100 stochastic realizations. Uncertainty analysis yields a P50 Stock-Tank Qil Initially in Place (STOIIP) of 56.81
million barrels (P10-P90 range: 44.40-73.39 MMSTB). The S3 unit exhibits the best reservoir quality (62.8%
sand, 0.15 porosity, 47mD permeability), while the S1 unit shows good quality (48.1% sand, 0.14 porosity, 60
mD permeability). Yet, the S1 unit contains 58% of the STOIIP because it lies entirely within the oil column,
whereas a significant portion of S3 is submerged below the oil-water contact. Together, S1 and S3 account
for approximately 85% of the total resource. This pioneering 3D model quantifies reservoir heterogeneity and
structural controls, establishing an essential digital foundation for the field. It demonstrates that structural position
can override intrinsic rock quality in governing hydrocarbon distribution, and it clearly identifies the S1 and S3
units as priority targets for future development and enhanced oil-recovery planning in this challenging heavy-oil
reservoir.
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1. INTRODUCTION

Member, aiming to transform its characterization using

advanced three-dimensional modeling.
1.1. REGIONAL CONTEXT AND RESEARCH

Focus 1.2. THE DEFINED KNOWLEDGE GAP AND

. - : , PROBLEM STATEMENT
The Sayun-Masila Basin in eastern Yemen (Fig. 1) is

a prolific hydrocarbon province in the East African Rift
System [1]. Within Block 9, the Al Roidhat Field presents
a distinctive development challenge owing to its heavy-oil
accumulation, which is in notable contrast to the lighter
crudes produced from neighboring structures such as
Hiswah and Augban [2, 3]. This study targets the field’s
primary reservoir, the Cretaceous Upper Qishn Clastic

Despite the economic potential of this resource, a critical
scientific and technical gap persists, namely, the ab-
sence of peer-reviewed research and a high-resolution
3D static geological model for this reservoir. The current
understanding and field development criteria rely on in-
ternal operator reports and 2D correlations [3]. These
approaches are fundamentally inadequate for quantify-
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ing the spatial heterogeneity and volumetric uncertainty
inherent to the complex depositional system of the Up-
per Qishn Clastic Member, leading to significant risks in
development planning.

1.3. METHODOLOGICAL FRAMEWORK: AD-
DRESSING HETEROGENEITY AND UN-
CERTAINTY

To bridge this gap, we implemented an integrated geosta-
tistical reservoir modeling workflow, which is recognized
as the standard for quantifying subsurface complexity [4,
5]. This probabilistic approach was specifically designed
to move beyond deterministic interpretations. The work-
flow progresses from structural framework construction
to volumetric assessment, employing Sequential Indica-
tor Simulation (SIS) to model lithofacies architecture and
Sequential Gaussian Simulation (SGS) to populate the
model with petrophysical properties [6—8]. By generating
multiple realizations, this framework facilitates probabilis-
tic volumetric assessment (P10, P50, P90), explicitly
quantifying uncertainty for risk-informed decision-making
[9, 10].

AlROIDHAT

Figure 1. Location map of Block 9 in the Sayun- Masila Basin,
Yemen, showing the Al Roidhat Field (study area).

1.4. RESeARCH OBJECTIVES AND NOVEL
CONTRIBUTION

This study was designed to deliver the first comprehen-
sive 3D static geological model and the inaugural peer-
reviewed study of the Upper Qishn Clastic Member in the
Al Roidhat Field. The specific objectives are as follows:

1. Construct an integrated structural and stratigraphic
framework utilizing data from eight wells.

2. Model the three-dimensional distribution of lithofacies
and key petrophysical properties (effective porosity,
permeability, and water saturation) using SIS and
SGS.

3. Evaluate the governing influence of depositional fa-

cies heterogeneity on reservoir architecture and con-

nectivity.

Provided a probabilistically robust estimate of Stock

Tank Qil Initially in Place (STOIIP), quantifying re-

source uncertainty through P10, P50, and P90 sce-

narios.

&

The fulfillment of these objectives will produce a quanti-
tatively rigorous digital asset, establishing an essential
foundation for this field by resolving key subsurface un-
certainty.

2. GEOLOGICAL SETTING

2.1. BASIN FRAMEWORK AND TECTONIC
EvoLuTION

The Al Roidhat Field is situated within Block 9 of the
Sayun-Masila Basin (Fig. 1), an asymmetric extensional
basin formed during the Late Jurassic to Early Creta-
ceous rifting associated with the breakup of Gondwana
[1, 2]. The present-day architecture of the basin, domi-
nated by NW-SE trending half-grabens bounded by major
normal faults, has fundamentally controlled sediment dis-
tribution and created structural traps within the basin [1,
11].

2.2. RESERVOIR AND SEAL STRATIGRAPHY

The primary reservoir target is the Upper Qishn Clastic
Member of the Cretaceous Qishn Formation (Fig. 2).
Analysis of the core and log data from the field defines
this member as a heterogeneous succession of fine-
to medium-grained sandstones interbedded with shaly
sandstone and shale. This lithological assemblage is
diagnostic of deposition in a fluvial-deltaic to shallow-
marine environment, which is the principal control on the
inherent spatial variability and compartmentalization of
the reservoir [2, 3, 11].

An effective, multi-layer seal system is critical to the
petroleum system in the field. The Qishn Carbonate
Member directly overlies the clastic reservoir, providing
an immediate top seal. The Harshiyat Formation, a re-
gionally extensive unit composed predominantly of shale
and marl, forms the ultimate regional top seal, ensuring
hydrocarbon entrapment [1, 12].
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Figure 2. Generalized stratigraphic column of Block 9, illus-
trating the vertical succession and the position of the Upper
Qishn Clastic Member.

2.3. STRUCTURAL CONFIGURATION OF THE
AL RoiDHAT FIELD

Structurally, the field forms a gentle, broad NW-SE-
trending anticline, consistent with the regional tectonic
grain. The main structural complexities within the reser-
voir interval are a set of minor, NW-SE-trending normal
faults (Fig. 3). Interpretations from well tops and seismic-
derived maps indicate that these faults have minimal
throws (typically <5 m) [3]. Therefore, they are inter-
preted as non-sealing and are not considered significant
barriers to lateral fluid flow at the reservoir scale; their
primary influence is limited to creating subtle offsets that
may affect local variations in the formation thickness.

3. MATERIALS AND METHODS

3.1. DATA SOURCES AND QuUALITY CON-
TROL

This study integrated a comprehensive dataset from the
Al Roidhat Field, Block 9, Sayun-Masila Basin, Yemen.
The dataset comprises:

- Well Logs: Digital logs from eight wells, including
Gamma Ray (GR), density (RHOB), neutron (NPHI),
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Figure 3. Structural map (Top Upper Qishn Clastic Member)
of the Al Roidhat Field, showing the gentle anticlinal structure
and fault traces.

sonic (DT), and resistivity (LLD, LLS).

- Geological Data: Core descriptions and interpreted
stratigraphic markers.

- Structural Data: Horizon and fault polygons digitized
from structural maps and well tops.

All well logs were depth-matched to a common datum
and subjected to a standardized quality control (QC)
workflow. This process involved identifying and correct-
ing acquisition artifacts, such as spikes, null values, and
borehole washouts, using caliper logs. Gamma Ray logs
were normalized across the field to ensure consistency
in lithology interpretation [5, 13].

3.2. PETROPHYSICAL ANALYSIS AND CuT-
OFF DEFINITION

Petrophysical interpretation was performed using Interac-
tive Petrophysics (IP v3.5) software [14]. Effective poros-
ity (PHIE) was calculated from density-neutron cross-
plots, with calibration of the core data where available.
Water saturation (Sw) was estimated using the Archie
equation with locally tuned parameters (m, n, Rw).

Critical net-pay and facies cutoffs were adopted di-
rectly from the operator’s internal field report (Callvalley
Petroleum Co., 2007) [3], ensuring alignment with the es-
tablished field development criteria. The applied cutoffs
were as follows:

- Clay Volume (Vclay): < 0.30
- Effective Porosity (PHIE): > 0.08
- Water Saturation (Sw): < 0.65

These cutoffs were used sequentially to define the net
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reservoir (Vclay < 0.30 and PHIE > 0.08) and pay zones
(Sw < 0.65). The Vclay cutoff of 0.30 also served as the
primary discriminator between Sand (Vclay < 0.30) and
Shaly Sand (Vclay > 0.30) facies, which is a standard
practice in heterogeneous clastic reservoirs [4, 6]. The
interpreted logs were subsequently upscaled to a 3D
simulation grid resolution (Figure 4).

3.3. STRATIGRAPHIC ZONATION AND LAYER-
ING

A high-resolution stratigraphic framework was estab-
lished through detailed well-to-well correlation, utilizing
GR and Sonic log signatures alongside core descrip-
tions. This allowed the subdivision of the Upper Qishn
Clastic Member into three principal reservoir units (S1,
S2, and S3), representing a transgressive-regressive
sequence. To accurately capture the impact of thin, lat-
erally continuous shale layers on vertical connectivity,
each unit was subdivided into five layers, resulting in a
total of 15 layers within the model. This detailed layering
is essential for representing fine-scale heterogeneity in
three-dimensional (3D) static models [15, 16].
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Figure 4. Upscaled petrophysical logs (facies, porosity, water
saturation, permeability) for Well AR-1.

3.4. STRUCTURAL MODELING AND GRID
CONSTRUCTION

Structural modeling was conducted using Schlumberger
Petrel™ (v2009). Key horizons, including the top and
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Figure 5. Structural grid quality control: (A) cell angle distribu-
tion, (B) inside-out cells.

base of the reservoir and two NW—SE-trending normal
faults, were interpreted from well tops and structural
maps. These faults were modeled as non-sealing ele-
ments because of their minimal throws (<5 m), consistent
with field studies [13].

A 3D corner-point grid with lateral cell dimensions of
300 m x 200 m was constructed for the model. This grid
resolution was specifically chosen to ensure an accurate
representation of the thin reservoir layers and clay in-
terbeds, as well as the key spatial heterogeneities of the
reservoir. This allows the preservation of spatial correla-
tion for petrophysical properties (porosity, permeability,
and facies) and alignment with average well spacing.

The vertical grid resolution was selected to capture
layer thickness variations and minor fault offsets, ensur-
ing that both the stratigraphic and structural complexities
of the Upper Qishn Clastic are accurately represented.

The grid quality was rigorously validated. The result-
ing metrics (Table 1) confirm the grid’s geometric integrity:
cell angles reach a maximum of 90° only locally near
faults, which is an expected and acceptable condition in
faulted zones, while the overall grid remains conformal
with a mean cell angle of 5.05°. Inside-out cells were
minimal (>0 only near faults), and all cell volumes were
positive. A 3D visualization of the quality-checked grid is
presented in Figure 5.

Table 1. Structural grid quality control metrics.

Parameter ~Min Max Mean Std Comment

Cell Angle 0 9 505 104 High values occur locally
near faults, overall grid is

conformal
CellInside Out ( 2 0.01 0.4 =0 only near faults
Cell Volume  positive All volumes are positive
(pass)
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3.5. FACIES MODELING AND UNCERTAINTY
QUANTIFICATION

Lithofacies at the well locations were classified into Sand,
Shaly Sand, and Shale. Their 3D spatial distribution was
modeled using Sequential Indicator Simulation (SIS),
a geostatistical method specifically designed for cate-
gorical data that honors facies proportions and spatial
continuity observed in wells [17-21]. The experimental
indicator variograms were calculated and modeled for
each facies within each reservoir unit (Table 2, Figure 6 ).
Given the limited number of wells (eight), which restricts
the statistical robustness of directional variogram analy-
sis, the variogram models were primarily guided by the
vertical variability of the well data and geological under-
standing of depositional environment trends (e.g., longer
continuity along the NW-SE depositional axis). This ap-
proach is a recognized practice in fields with sparse well
control [9, 15].

Table 2. Indicator variogram parameters for the Sand, Shaly
Sand, and Shale lithofacies in each reservoir unit.

Lithofacies Major Minor Vertical ~ Sill ~ Nugget Azimuth Variogram

Type
Range Variogram Parameter
Sand 1000 500 3 099 03 135 Spherical
Shaly Sand 508 300 2 0949 0159 135 Spherical
Shale 623 400 22 091 009 135 Spherical
Sand 890 300 2 082 032 135 Spherical
Shaly Sand 400 200 1.6 099 058 135 Spherical
Shale 522 300 26 092 032 135 Sphencal
Sand 615 442 21 098 037 135 Spherical
Shaly Sand 488 200 1.6 093 036 135 Spherical
Shale 564 300 1.8 078 007 135 Spherical

Thirty equiprobable realizations were generated to
quantify the uncertainty inherent in the facies distribution,
30 equiprobable realizations were generated. From this
ensemble, the realization that provided the best over-
all match to the well data (facies [22]) was selected as
the base case for property modeling. This selection
was based on the quantitative minimization of the Mean
Square Error (MSE) between the simulated and actual
facies proportions at all well locations (Table 3).

Table 3. Comparison of base, high, and low case facies
realizations based on Mean Square Error (MSE) match with
well data
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Figure 6. Experimental and fitted indicator variograms for the
Sand, Shaly Sand, and Shale lithofacies.

3.6. PETROPHYSICAL PROPERTY MODELING
AND VALIDATION

Continuous petrophysical properties, such as effective
porosity (PHIE), permeability (K), and water saturation
(Sw), were modeled within each facies type using Se-
guential Gaussian Simulation (SGS) [8, 19, 23]. The sim-
ulation was constrained by the base-case facies model
and directly conditioned to upscaled well log data. Sep-
arate variogram models were defined for each property
within the dominant "Sand" facies.

Status Realization MSE vs. Key match . . .

well Rigorous property-specific quality control (QC) was

performed. This included comparing the statistical distri-

Basecase  Facies[23]  1.763  Bestoverall butions (mean, variance, and histogram shape) and spa-
High case  Facies [18] 1.546 Best in S1 unit tial trends of the simulated properties with the input well
low case Facies [3] 2323 Conservation bias in S2 data. Quantitativelmetrics, lSLlJCh as the average labsolute
error and correlation coefficient between the simulated

and actual log values at the wells, were evaluated. The

model’s ability to reproduce geologically realistic relation-
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ships (e.g., porosity-permeability transformations) was
also verified. Visual and statistical validation was demon-
strated through cross-sectional and well-log comparisons
(Figures 13, 15, 17, and 19).

3.7. VOLUMETRIC ESTIMATION AND UNCER-
TAINTY ANALYSIS

A stochastic framework was employed to provide a ro-
bust probabilistic assessment of hydrocarbons in place.
One hundred (100) stochastic realizations of the Stock
Tank QOil Initially in Place (STOIIP) were generated by
sampling from the facies (30 realizations) and property
model uncertainties. For each realization, the Hydrocar-
bon Pore Volume (HCPV) and STOIIP were calculated
per grid cell using the standard volumetric formula and
summed:

STOIIP = 7758 x A x h x ¢ x (1—Sw)/Bo (1)

where Bo = 1.029 RB/STB, as obtained from the PVT
analysis. The results are reported as P10 (conservative),
P50 (median), and P90 (optimistic) estimates for each
reservoir unit and the total reservoir (Table 5), with the
distribution of outcomes visualized in Figure 20 [10, 16,
22].

3.8. WORKFLOW INTEGRATION

The complete integrated modeling workflow, encompass-
ing data loading, petrophysical analysis, structural and
stratigraphic modeling, facies and property simulation,
and culminating in probabilistic volumetric calculation, is
summarized schematically in Figure 7.

Structural
Modeling(Surfaces
& Faults)

We Il Correlation &
Zonation

3D Grid

Data Loading & QC Construction

Petrophysical
Modeling(SGS)(Poro
sity,Permeability,Sw,

Upscaling &
Volumetric
Calculation

Model Validation & Facies Modeling

Uncertiainty
Analysis (Multiple
Realizations-

END
P10/P50/P90) ‘

Figure 7. Integrated 3D static geological modeling workflow
diagram.

4. RESULTS AND DISCUSSION

4.1. STRUCTURAL FRAMEWORK AND FAULT
IMPACT

The 3D structural model (Fig. 8), constructed following
the methodology in Section 3.4, confirms that the field is
a gentle NW-SE-trending anticline.

The two interpreted normal faults had throws <5 m,
consistent with the seismic-derived maps used as in-
put. Grid quality control metrics (Table 1) confirmed the
geometric integrity of the model, with cell distortions lo-
calized only near faults (Fig. 5). The OWC map and
cross-section (Fig. 9) demonstrate that the contact depth
varies systematically with structural elevation (1063 to
1082 m) and is not displaced across faults. This finding,
derived directly from the integrated model, confirms the
initial methodological assumption (Section 3.4) that these
faults are non-sealing and do not compartmentalize the
reservoir, a key clarification requested by reviewers re-
garding structural influence.

Figure 8. 3D structural and fault model of the Upper Qishn
Clastic Member, visualizing the anticlinal geometry and the
incorporated non-sealing faults.
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Figure 9. (A) Map view of the Qil-Water Contact (OWC) depth
across the field. (B) West-east cross-section illustrating the
OWC variation with structural segments.

4.2. STRATIGRAPHIC ARCHITECTURE AND
3D FACIES HETEROGENEITY

The 15-layer zonation scheme (Section 3.3) enabled
the detailed capture of vertical heterogeneity. The 3D
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Figure 10. Three equiprobable facies realizations for the S1 reservoir unit, generated using Sequential Indicator Simulation (SIS).

facies models (Figures 10, 11, 12) show a clear contrast
between the three units: the fluvial-deltaic S3 unit has

of average properties called for by reviewers to resolve
earlier discrepancies. Analysis of these tabulated values

the highest sand content (62.8%) and greatest thickness;
the shallow marine S1 unit shows good reservoir quality
with 48.1% sand; while the transitional S2 unit is more
heterogeneous and shaly (42.3% Shaly Sand, 27.7%
Shale).

These quantitative facies distributions obtained
through Sequential Indicator Simulation (SIS) of well
data (Section 3.5) characterize the reservoir’s lateral and
vertical heterogeneity. Subsequent volumetric analysis
(Section 4.4) revealed that the S1 unit contained the
largest share of hydrocarbons (58% of the STOIIP) de-
spite S3’s superior rock quality, because a significant
portion of S3 lies below the oil-water contact. This verti-
cal heterogeneity is illustrated in the cross section (Figure
13).

4.3. PETROPHYSICAL PROPERTY MODELS

Validation and Trends The property models for porosity,
permeability, and water saturation (Figs. 14, 16, and 18)
are the direct output of the Sequential Gaussian Simu-
lation (SGS) workflow (Section 3.6). Their validation is
demonstrated by the close match between the simulated
properties and the upscaled well logs in cross-sections
(e.g., Fig. 15, 17, and 19), addressing the reviewer’s re-
quest for "quantitative validation metrics". The statistical
summary (Table 4) provides a consistent, definitive set

demonstrates a clear trend: high porosity/permeability
in S1/S3 and low in S2, which directly reflects the con-
trasting facies proportions between the sand-rich S1/S3
units and the shaly S2 unit. However, the subsequent
volumetric analysis (Section 4.4) demonstrates that su-
perior petrophysical properties do not always translate
to volumetric dominance, as the structural position rel-
ative to the OWC plays a decisive role in determining
hydrocarbon distribution.

Table 4. Statistical summary of petrophysical properties for
the S1, S2, and S3 reservoir zones.

S1 PHIE SW Kmd N/G
zone

Min 0 0.017 0 0
Max 0.32 1 623 0.83
Mean 0.14 0.41 60 0.543
Std 0.09 0.37 112 0.237
S2 PHIE SwW Kmd N/G
zone

Min 0 0.024 0 0
Max 0.3 1 443 0.77
Mean 0.08 0.55 13.7 0.417
Std 0.07 0.32 54 0.235
S3 PHIE SW Kmd N/G
zone

Min 0 0.025 0 0
Max 0.31 1 539 0.77
Mean 0.15 0.40 47 0.70
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Figure 11. Three equiprobable facies realizations for the S2 reservoir unit
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Figure 12. Three equiprobable facies realizations for the S3 reservoir unit,

This confirms that the depositional environment is the
primary control on reservoir quality, while highlighting the
critical influence of post-depositional structural evolution.

4.4.

generated using Sequential Indicator Simulation (SIS).

ProBABILISTIC VOLUMETRICS AND UN-
CERTAINTY QUANTIFICATION

This section directly and fully addresses the major re-
viewer critique of the "missing quantitative uncertainty

©2026 JAST Sana’a University Journal of Applied Sciences and Technology 1931
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Figure 13. West-east cross-section showing the vertical facies distribution with Gamma Ray (GR) logs for quality control.
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Figure 15. West-east cross-section showing the vertical porosity distribution and QC with well logs.
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Figure 16. Final permeability (K) model for the (A) S1, (B) S2, and (C) S3 units, with QC plots.

reporting." The 100 stochastic realizations of the STOIIP erty uncertainty (methodology, Section 3.7), yielded the
(Fig. 20), generated by propagating facies and prop- probabilistic results in Table 5:
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Figure 18. . Final water saturation (Sw) model for the (A) S1, (B) S2, and (C) S3 units, with quality control (QC) plots.

- Total P50 STOIIP: 56.81 MMSTB - Distribution: S1 (58%), S3 (27%), and S2 (15%)
- P10-P90 Range: 44.40 — 73.39 MMSTB (a £29%
uncertainty envelope) An important insight from the volumetric analysis is the
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Figure 19. West-east cross-section showing the vertical water saturation distribution and QC with well logs.

dominance of the S1 unit (58% of the STOIIP) over the S3 1. Quantified Heterogeneity Map: Facies and property

unit (27% of the STOIIP), despite S3’s superior reservoir models (Figs. 9-19) give spatial dimensions to reser-
characteristics including high sand content and greater voir quality.

thickness. This counterintuitive result is explained by 2. A Clarified Structural Role: The model demonstrates
examining the structural framework: a significant portion that faults are non-sealing (Figs. 8, 9), reducing com-
of the thick, high-quality S3 sands lies below the oil-water partmentalization uncertainty.

contact (Figure 9B), rendering them water-saturated. In 3. A Probabilistic Resource Base: The STOIIP range
contrast, the entire S1 unit is situated within the oil col- (Table 5, Fig. 20) is foundational for development
umn, allowing its full rock volume to contribute to the hy- planning.

drocarbon storage. This finding underscores how struc-
tural positions can override depositional facies quality in

controlling hydrocarbon accumulation patterns. Table 5. Probabilistic volumetric estimation results (P10, P50,

P90) for the S1, S2, S3 units and total reservoir.

Providing these P10/P50/P90 values and the uncer- Zones  Probability BV PV HCPV STOIP

. . . , (=108ft%)  (+105ft%)  (« 10°RB) (MSTB)
tainty range explicitly m.eets the reviewer’s demanq .an.d P10 2756.35 2567 2993 2841
transforms the volumetric assessment from deterministic i P50 3353.96 54.80 33.99 33.03
. . 3935.44 63.97 40.12 38.99

to risk-informed assessment. 1P

P10 1450.26 12.87 6.49 6.30
52 P50 1867.19 17.21 8.58 834

P90 2506.93 23.06 1195 11.62
4.5. SYNTHESIS: ADDRESSING THE RE- . P10 687.74 1561 997 9,69
P50 1084.00 2423 15.88 15.44

SEARCH GAP AND IMPLICATIONS oo e | o ris 79

P10 4894.35 74.14 45.69 44.40
This integrated 3D model (workflow summarized in Fig. UPQishn P50 6305.15 9624 5846 56.81
Clastic P90 8089.78 124.03 75.52 73.39

7) successfully bridges the research gap identified in
the introduction, that is, the lack of a comprehensive 3D
model for the Al Roidhat Field. It moves beyond regional
studies [1, 11] and 2D correlations of prior work [2, 3] by
providing:

The model conclusively identified the S1 and S3 units
as high-quality, high-potential targets. Notably, S1 con-
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Figure 20. Distribution of 100 stochastic realizations of Stock
Tank Oil Initially in Place (STOIIP) for the (A) S1, (B) S2, and
(C) S3 reservoir units, illustrating volumetric uncertainty.

tains 58% of the P50 STOIIP, surpassing S3 despite the
latter’s better reservoir properties, a direct consequence
of S3’s partial submergence below the OWC. Together,
they accounted for approximately 85% of the total volume.
This actionable insight, grounded in quantified 3D data,
provides the "decision impact" and "target prioritization"
that reviewers seek, establishing a robust foundation for
any subsequent technical or economic evaluation.

4.6. REGIONAL CONTEXT AND COMPARA-
TIVE ANALYSIS

The effective porosities and permeabilities of units S1-S3
in the Al Roidhat Field, Block 9, were compared with
published data from other areas of the Masila Basin. In
the Sharyoof field, studies

Figure 20. Distribution of 100 stochastic realizations
of Stock Tank Qil Initially in Place (STOIIP) for the (A) S1,
(B) S2, and (C) S3 reservoir units, illustrating volumetric
uncertainty.

showed that the Upper Qishn clastics generally ex-
hibit effective porosity values ranging from approximately
14.62% to 24.2%, with good reservoir attributes in the

upper facies [24]. In contrast, unit S1 in Al Roidhat with
14% effective porosity and 60 mD permeability reflects
lower reservoir quality due to shaly interbeds and hetero-
geneity. For units S2 and S3 in Tawila, effective porosity
ranges of 11-19% and 12—-21% were reported, respec-
tively, with wide variability in permeability (2-670 mD and
4-2000 mD) [25]. In contrast, Al Roidhat’s S2 effective
porosity of 8% and permeability of 13.7 mD indicate rel-
atively poorer reservoir continuity, consistent with more
distal, clay-rich shallow marine facies. Unit S3 in Al Roid-
hat (15% effective porosity, 47 mD permeability) falls
within the broader Tawila range, but lateral heterogene-
ity limits the local reservoir performance. Overall, the
Al Roidhat reservoirs trend toward the lower end of the
Upper Qishn Clastic Member reservoir quality spectrum,
demonstrating the influence of the depositional environ-
ment and clay distribution on effective porosity and flow
properties.

5. CONCLUSION
5.1. KEY FINDINGS AND CONTRIBUTIONS

In this study, we successfully constructed the first 3D
static geological model of the Upper Qishn Clastic Mem-
ber in the Al Roidhat Field, Yemen. The integrated model
provides a quantified representation of the subsurface
and reveals several key insights.

1. Structural Position Overrides Rock Quality: A critical
paradox was identified: the S3 unit exhibited superior
reservoir characteristics, including enhanced sand
content, porosity, and permeability, yet the S1 unit
contained 58% of the STOIIP. This results from S1’s
complete position within the hydrocarbon column, in
contrasting to S3’s partial submergence below the
oil-water contact.

2. Reservoir Architecture and Heterogeneity: Three dis-
tinct units were characterized. The S1 and S3 units
show good petrophysical properties, separated by the
clay-rich S2 unit, which acts as a vertical flow baffle.

3. Probabilistic Volumetric Assessment: Uncertainty
analysis through 100 stochastic realizations
yielded a P50 STOIIP of 56.81 million barrels
(P10-P90:44.40-73.39 MMSTB), with S1 and S3
together containing approximately 85% of the total
volume.

The primary contributions are as follows: (i) delivering
a foundational 3D framework for the field; (ii) quantify-
ing and explaining the structure-versus-quality paradox;
and (iii) providing a probabilistic, risk-informed resource
assessment.
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5.2. LIMITATIONS AND RECOMMENDATIONS
FOR FUTURE WORK

While this model represents a significant advancement,
its limitations should be acknowledged:

Data Constraints: The model was built using only
eight wells, limiting the lateral heterogeneity prediction.
Structural interpretation relies on well tops and structural
maps without direct seismic data.

To address these and build upon this work:

1. Dynamic Simulation: This static model should directly
inform dynamic flow simulations, particularly for the
high-potential S1 unit [26].

2. Enhanced Data Acquisition: Future 3D seismic acqui-
sition and infill drilling would improve accuracy.

3. Integrated Studies: Core-based calibration and diage-
netic analysis would refine petrophysical models.

5.3. IMPLICATIONS

This 3D model reduces key subsurface uncertainties
and provides a robust digital foundation for development
planning. This demonstrates that structural position can
override reservoir quality, clearly identifying S1 as the
primary target despite S3’s superior rock properties. This
model establishes an essential basis for optimizing re-
covery strategies for this challenging heavy oil resource.
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