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Abstract:

This study presents a comprehensive
petrophysical evaluation of the Mishrif Formation
within the West Qurna-1 Oilfield , utilizing
Techlog software (2015) , and data from six key
oil wells. Lithological identification via
Schlumberger charts , confirmed a limestone-
dominant composition with high calcite content.
Based on integrated petrophysical log analysis,
the Formation was subdivided into three primary
reservoir units including (mA, mB1, and mB2)

Attribution o
separated by two distinct cap rocks. The
(CCBY NCND 4.0) evaluation revealed that the mA unit exhibits the
https://creativecommons.org/licenses/by-nc- highest reservoir quality, followed by mB2, while
nd/4.0/

mB1 showed relatively lower potential. This
hierarchical classification provides a fundamental

framework for Contracting a robust static reservoir model which is crucial for , enhancing reserve
estimation accuracy and optimizing future field development strategies.

Keyword: Porosity, West Qurna, Mishrif Formation, Reservoir, Lithology

1. Introduction:

The West Qurna-1 Oilfield, which is located in the Mesopotamian plain, considered as one of
the most significant hydrocarbon fields in Iraq (Abdullah et al., 2018.).Stratigraphic investigations
have revealed multiple Cretaceous hydrocarbon bearing reservoirs in this field (Ismail & Al-
Najm, 2019), with the sequence from oldest to youngest comprising the Yamama, Zubair,
Mauddud, Mishrif, Khasib, and Sa'adi formations (Abdulhameed et al., 2024). Among these, the
Mishrif Formation, a Middle Cenomanian Early Turonian carbonate sequence (Jassim & Goff,
2007), is of paramount economic importance, recognized the largest carbonate reservoir unit in
southern Iraq, containing up to 30% of the Iraq's total of hydrocarbon reserves (Ahr, 2008).
However, the reservoir quality of the Mishrif Formation is characterized by significant
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heterogeneity (Al-Najm, 2012), that’s due to complex diagenetic processes posing a crucial
challenge for efficient field development and production planning. To mitigate these challenges,
making a detailed reservoir characterization is essential. This study provides an evaluation of the
reservoir quality utilizing well log data. The principal objective is to calculate key petrophysical
properties and, based on these analyses, divide the Formation into distinct productive and
nonproductive reservoir units. This position will provide a serious foundation for optimizing future
development and production strategies in the field.

2. Study area:

The West Qurna-1 Oilfield is situated in the southern part of Iraq, in Basrah Governorate,
approximately 14 km from Qurna city and 60 -70 km from Basrah city. The West Qurna Oilfield is
geographically situated between latitudes 30°53'30.6918" N and 310'47.0524" N and longitudes
479'54.2129" E and 47°27'6.9785" E. The Euphrates River divides the field into two parts: the
southern part, commonly known West Qurna-1, and the northern part, known as West Qurna-2
(Fig 1). The West Qurna Oilfield extends approximately 40Km in length and 17 Km in width.
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Fig 1. Location map of West Qurna-1 Oilfield
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3. Geological Setting:

The Formation represents a complex carbonate ramp system (Davies et al., 2015), shaped by
the interplay of depositional, diagenetic, and tectonic processes (Al-Muhamed, 2014). It comprises
a succession ranging from mudstone to rudstone limestones, with noticeable chert interbeds,
deposited within a shallow marine carbonate ramp environment (Al-Ali et al., 2019). The age of
deposition spans from middle Cenomanian to early Turonian (95-92 MA) (Sharland et al., 2004).
Stratigraphically, the Formation is sharply overlain by the Khasib Formation, indicating an early to
mid-Turonian unconformity, while its lower boundary transitions conformably into the Rumaila
Formation as illustrated in (Fig. 2).

Age . = = w
£ | Formation Lith. Description = AP 25
period epoch S =
L. Q. deposi Clay and silt 180
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Recent = | Dubbdiba [ Sand and gravel 240 v
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E-M E Fatha Afarl and limestone 120
= Afiocene CGhar Sand and gravel 90 mx
2 b
1 — ke Dammam dolomite 220
= Anhydrite 30 AP10 I
é ‘gg dolomite 150
dolomite 260
3 Afarly limestone 105 v
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Fig 2. The Stratigraphic Column for West Qurna Oilfield(Mahdi & Aqrawi, 2014)
4. Materials and Method:
The investigation using data from six representative oil wells, which were initially processed
by digitizing logs through Didger-5 software , and subsequently imported into the Techlog, 2015
software for analysis and interpretation .The evaluation followed a dual approach: a qualitative
phase, driven by log response patterns and cross-plot correlations, and a quantitative phase focused
on ,determining key petrophysical parameters specifically shale volume (V_sh), effective porosity
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(¢ eff), and hydrocarbon saturation (Sh). This integrated methodology provided the technical basis

for precisely delineating the reservoir units across the studied Formation.
5.Results and Discussion:
5-1 Qualitative Interpretation:

The combination of density, neutron, and sonic logs has many applications; besides porosity
identification, this suite of logs can be utilized to determine the lithology and mineralogy of the
reservoir unit, by the application of cross-plot techniques (Lina Mawlood Salman, 2023.). The
Mishrif Formation was found to be composed mainly of limestone with minor dolomite by the
Schlumberger curve, as shown in the (Fig 3). While the M-N cross plot utilized neutron, density
and sonic to determine mineralogy (Salih & Qader, 2025) , the Formation was found to be

composed mainly of calcite with minor existence of dolomite and anhydrite (Fig 4).
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Fig 3: Neutron Vs density cross plot.
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Fig.4: M-N Cross plot analysis.
5-2 Reservoir Evaluation:

Reservoir evaluation is based on quantitative tests that measure the amount of hydrocarbons
and describe the main properties of the reservoir (Al-Fahdawi & Al-Kubaisi, 2025). This study
includes three main parts: finding units that hold hydrocarbons, figuring out how much storage
space they have, and how many hydrocarbons they hold. To do a thorough investigation, several
petrophysical parameters were calculated from well-log data.
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Shale Volume: Shale volume plays a crucial role in porosity calculations because radioactive
isotopes tend to accumulate more in shale compared to other rock types (Moradi et al., 2016),
significantly influencing effective porosity estimates (Asquith & Krygowski, 2004). While neutron
and density logs are less reliable due to gas interference in shale, making detection and correction
difficult (Khan et al., 2019) .The gamma-ray (GR) log remains the most dependable method for
determining volume of shale. To calculate the shale volume (Vsh) from (GR) log, a linear equation
proposed by (Schlumberger, 1974) as follows:
IGR = GRlog—-GR mir'l (1)
GRmMAX — GR min

Vsh=0.33 [2*"9R — 1] 2)
Where: IGR: Gamma ray index, GR log: Gamma ray from log, GRmin: Gamma ray minimum,

GR max: Gamma ray maximum

Total porosity: Represents the ratio of void space to the rock's bulk volume (Serra, 2007), is a
critical petrophysical parameter. In this study, it was derived from a combination of neutron and

density logs using the standard equation proposed by (Schlumberger, 1974), as follows:
@N-@D

Pt = >

Where: @t:Total porosity, @N: Neutron porosity, @D:Density porosity.

Effective porosity: can be estimated from this equation:

@eff= @t * (1 — Vsh) 4)
Where: @eff: Effective porosity, @t: Total porosity, Vsh:Shale volume

Secondary porosity index (SPI): Can be calculated from this equation:

SPI=(@ND — @S) (5)

Where: SPI: Secondary porosity index, ®ND: Neutron — density combination,

@S Sonic derived porosity

Water Saturation: According to (Schlumberger, 1998)Archie introduced an equation that enables
the estimation of water saturation in clean formations as a function of true resistivity as follows:

_n[FRw
Sw="|= (6)

Where: Sw: Water saturation, Rw: Resistivity of water formation, Rt: formation resistivity,
n: Saturation exponent, F: formation factor.
While hydrocarbon saturation can be calculated from the equation:

€)

Hydrocarbon saturation = SW-1 (7)
Residual and movable hydrocarbon: According (Schlumberger ,1987) can be calculated:

ROS =1 - Sxo ®)
MOS = Sxo-Sw 9)

Where: ROS: Residual hydrocarbon, Sxo: Water saturation of the invaded zone,

MOS: Movable hydrocarbon, Sw: Water saturation

Bulk Volume of Water (BVW): It’s the product of porosity and water saturation:

BVW=Sw * @ (10)

—t

103

—



}‘ MISAN JOURNAL FOR ACADEMIC STUDIES
\ B HUMANITS, SOCIAL AND APPLIED SCIENCES MEUA@
Misan Joarsal of Academic Modis \/O‘]LE 25 ISSUE 58 JUN’E,?O‘ZG

5-3 Result of Petrophysical Evaluation:
mA Unit:

Analysis of well log data establishes mA unit as the primary reservoir unit within the field,
owing to its superior petrophysical characteristics. The most favorable properties, namely high
porosity and low water saturation, are predominantly concentrated in the central part of the field,
as recorded in Well No. 6 (Tablel).
mB1 Unit:

Petrophysical log analysis indicates that mB1 unit possesses lower rock quality compared to
mA unit, exhibiting predominantly moderate porosity values across the study area. This unit is
characterized by elevated water saturation in the southeastern sectors. However, its rock quality
shows a marked improvement towards the western region.
mB2 Unit:

Well log data indicates a divergence in reservoir quality between the mA and mB units. While
the mA unit remains the benchmark for reservoir performance in the field, the mB unit, and
particularly its mB2 subunit, exhibits significantly better rock quality than the other subunit within
mB (Fig 5). The mB2 subunit is characterized by its good porosity, which shows better
development in the southern part of the field, although it is notably absent in the southeastern

region.
Table 1: Petrophysical results of the studied wells.
Well no Reservoir Thickness  V-shale Effective SW
unit Porosity

Well 1 mA 34 0.08 0.23 0.25
Well 2 mA 52 0.08 0.16 0.34
Well 3 mA 42 0.1 0.16 0.22
Well 4 mA 44.99 0.1 0.18 0.22
Well 5 mA 35.7 0.09 0.20 0.15
Well 6 mA 49 0.07 0.20 0.11
Well 1 mBl1 45.05 0.09 0.18 0.26
Well 2 mBl1 49 0.09 0.18 0.32
Well 3 mBl1 50.84 0.1 0.15 0.26
Well 4 mBl1 41 0.08 0.16 0.15
Well 5 mBl1 61.43 0.07 0.18 0.10
Well 6 mBl1 36.87 0.07 0.11 0.23
Well 1 mB2 97 0.1 0.23 0.32
Well 4 mB2 98 0.1 0.19 0.16
Well 5 mB2 98 0.09 0.13 0.13
Well 6 mB2 100 0.05 0.2 0.15

—t
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Conclusion:

Petrophysical evaluation of the Mishrif Formation in the West Qurna-1 Oilfield , based on
conventional well log analysis, identifies a complex carbonate system dominated by limestone
with some dolomitic variations. The integration of petrophysical data facilitated , the zonation of
the Formation into three reservoir units (mA, mB1, and mB2) separated by two cap rocks.
Notably, unit mA was identified as the premier reservoir zone characterized by , superior storage
and flow capacities, with porosity ranging from (0.16 to 0.23) and water saturation (below 34%).
Reservoir quality sequentially , decreases through units mB2 and mBI, respectively. These
findings provide a critical baseline for static modeling and strategic planning of field development
in West Qurna-1.
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