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Abstract

A 3D geological model is an essential step to reveal reservoir heterogeneity and reservoir
properties distribution. In the present study, a three-dimensional geological model for the
Mishrif reservoir was set-up based on data obtained from seven wells and core data. The
methodology includes setting up a 3D grid and preparing it with petrophysical properties such
as (facies, porosity, water saturation, and net to gross ratio). The structural model was built
based on a base contour map obtained from 2D seismic interpretation along with well tops from
seven wells. A simple grid method was used to build the structural framework with 234x278x91
grid cells in the X, Y, and Z directions, respectively, with lengths equal to 150 meters. The total
number of grids is (5919732) in the geological model. CPI (computer-processed interpretation)
for 7 wells contain (facies, porosity, water saturation, and NTG) was imported to Petrel 2016
software. Facies log was upscaled and distributed along the 3D grid. Truncated Gaussian with
trend method was used to distribute the facies taking into account the conceptual facies model
of the Mishrif formation. The result shows that the trend of sedimentation suggests a
retrogradation pattern from NW to SE. Faciesl (Reservoir), dominated by Limestone brown to
light brown, with oil shows has well distribution within the area and thinning towards the NW.
The petrophysical properties (porosity, water saturation, NTG, and permeability) were
distributed using the Sequential Gaussian Simulation (SIS) method and the facies model as a
guide for distribution.

The results show that petrophysical properties obvious in the southeast area, representing the
reef region compared to the northwest side of the study area. The unit Mishrif B had the highest
porosity value and lower water saturation value along the entire field. While the units Mishrif
B1, B2, and B3 show gradual decrease in reservoir properties ahead towards southeast side of
the field. The results also show that conceptual facies model has great benefit in constructing
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the 3D geological model, which reflects the geological knowledge used to distribute the
reservoir properties (porosity and water saturation) correctly.

Keywords: Facies model, 3-D Geological model, reservoir heterogeneity.
Ciliaudl o ggda zigal o el Al 3 g 5 (ailadd) ay gl
G G gia /0 pall (e

ALadAL

st bl GaSall pailad s ) e CalSI Al &Gl ghall aal (e 2al Ay o sl sanl) o gal) 2my
e 2l Gl el a0 sl o sal) ol a3 ddal pall o8 b eSall Al b g sl Gailiadll
Sl ISl el Jaal) 43y 5l el g ghallall (5 jduall Gl by s HU ps (e Ledle J saand) 3 31 il
Slasdl - lall slaall da o Sl gl ebisal) ecibinaall) Al 55 il (aibadlly Wgles a1 520
Oordll (e Lile Jpeandl &5 ddee A 5 Ay A e 2l Capdall GaSal (S 5l Sl el o5 Cas (S
el Aapad) A0 A8yl aladiud 23 1 aus (e Copdiall (3 sS5 Claa g ad ae i ) Ui alagY) S e )
IS5 155 150 ssbon Jsh ¢ I i) e (Z 5 Y5 X laladl 3 9] x 278 x 234 4Kud Wiy el Y
((5919732) (o> shsall Joasall LA 230 Mas)

& (S ) Aall elaal) iy ¢ lall il cdpabsall cclinnadl) e g gind U 7 A8l 58 5 il <l el
& <lisudl 456 (Truncated Gaussian with trend) 4k alaaiul 5 «Petrel 2016 el y ) Ll i)
Laai () ey o i eladl of sl Jsall edal Gapiall 0 oS8 anlial) sl diyge Jlie Y1 8 23Y)
ledle by il saual Aisadl o) sl Jiasall (g GBS 880 il 1 el Jleddl olad) (e s yas aal g
AN Ll olaily Ly a5 85 dilasall JAls las Cie )5 38 Jadilly dapdial) cquildl) ) ) Al gpuall yaal)
ball slal) d colal) wadit cdpalosall) Al 5 yil) Gl 3l o558 a3 Apad) il sall 13 sl Lglaa Jal
JaS sl i sall aladind ae Sequential Gaussian simulation (SIS) 48k aladiuly (I clad) )
(s A8 550 Ay ginl) dalaiall b g B Al 38 5 i) Gl g2 G A 55 ) i sall il i a5 5l 4 e

Al dihaia (g o el el Calally 45 jlie Al el izl dilaie Jias

ol Al 7ot (lali Ciyell BY, B2, B3 sl Laiy i gaiy ddle dalay e B e saa )
o sl o sl elid s e a3 g i) ol i L) i) Jiadl cpa (5580 st bty Bl 5 i)
(A saiae s ) ey aull dpaliss) dpaaSall Gal sl a5 53 A gl gaadl 48 paall Sy 531

1. Introduction

One of the standard tools currently used to generate production forecasts of any oil and gas
field is three-dimensional reservoir modeling and flow-simulation studies. A significant
challenge has been facing geologists in constructing 3D geological modeling. Facies
distribution in lateral and vertical directions and between different flow units in the defined 3D

grid is one of these challenges [1]. Also, the proper and acceptable mapping of reservoir
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characterization is one of the significant challenges. Therefore, integration and incorporation of
all quantitative field studies with all available data are required. Building 3D stochastic models
based on the conceptual geological model had great benefit to reflect the geological knowledge
and proper distribution of reservoir properties [2]. The main objective of conceptual geological
model is its using as a guide to build the 3D reservoir model, and representing the geological
knowledge based on real and or conceptual geological objects [3].

Porosity, water saturation, and permeability have an essential impact on hydrocarbon reservoir
and reservoir modelling. The petrophysical properties and reservoir characterization are used to
generate petrophysical models. The petrophysical model predicts future performance and
estimates reserves [4]. The Mishrif formation in X-field is the main hydrocarbon reservoir,
which is the subject of our study. The Mishrif formation is a heterogeneous reservoir.
Consequently, a critical petrophysical analysis and model development is required to ensure
optimal enhancement of oil recovery using a 3D petrophysical model. The Mishrif Formation in
central and southern Iraq was a subject for many studies [5- 10]. It is considered one of the
important reservoirs in the south Iraq region; approximately 30% of the total Iraqi oil reserves
were found in this formation [8, 11].

The Mishrif Formation was first described by [12] in southern Iraq. The formation consists of
sub basinal, shelf limestone, and restricted shelf facies [5]. Mishrif formation belongs to the
middle Cenomanian — early Turonian age and is deposited on a basin-wide shallow-water
platform [13].

Few studies have been carried out on the Mishrif formation to distribute petrophysical
properties using the facies model as a guide for distributions. Therefore, the primary purpose of
this paper is to build a 3D static geological model for Mishrif Formation in X-field, south Iraq,
and build the 3D petrophysical model based on the conceptual facies model. The study also
aims to understand better the lateral and vertical distribution of petrophysical properties

(Porosity, water saturation, and NTG) of the Mishrif reservoir.

2. The study area

The X-field is situated in the south-eastern part of Irag. It is located above the suture structure

at the junction of the inner part of the Arabian plate and the western part of the Mesopotamian
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foredeep. The western part of the Mesopotamian foredeep is defined by northeasterly strike
folds of low amplitude (30-40 m). The field lies on the Euphrates subzone, Mesopotamian Basin
of the unstable shelf. The structural depth maps (Figure 1) of the Mishrif Formation show that
the field is a stratigraphic trap with a general NW - SE trend, 30 km long, 12 km width. The

drilling of exploration wells shows that the oil is accumulated mainly in the Mishrif Formation.

The super sequence Albian — lower Turonian represents a transition from onlap margin to the
basin [14]. This super sequence consists of Wara, Ahmadi, Rumaila, and Mishrif formation.
Mishrif formation belongs to the middle Cenomanian — Early Turonian age, and it is considered
one of the important reservoirs in this sequence. The formation consists of two third-order
sequences [8], consisting of bioclastic limestone rock and chalky Limestone.

The Mishrif formation in X-field consists of upper Mishrif (MA) and lower Mishrif (MB),
which differ one from another by reservoir properties of sediments, and are separated by shale

(CR-I1) and marls. The average thickness of the formation is about 186 m.

3. Data set and Methods

The data used in this paper consists of CPI (computer-processed interpretation) for 7 wells. The
CPI contains (Facies, Porosity, Water saturation, and NTG), base contour map for Mishrif
Formation from the last interpretation of 2D seismic. Collecting and quality check of the data
and preliminary information from the final geological reports and previous reservoir studies is

the first step in the workflow of geological modeling.

Schlumberger's Petrel 2016 software was used for 3D geological modeling. Modeling software
presents a 3D view for all reservoir properties and helps geologists distribute the petrophysical

properties models and design new wells [15].
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Fig. (1): Base structural depth map obtained from 2D seismic interpretation

The geological model for Mishrif formation was constructed using the regular modeling
workflow (Figure 2). This model was built with three main steps, which are:

e The first step is building a structural model using the surface contour map taken from
2D seismic interpretation for the top of Mishrif formation as a base surface, then using
the well tops with this map to build the reservoir unit surface maps. A simple grid
method without any fault was used to build the structural model for Mishrif formation in
X-field.

e The second step is constructing the conceptual facies model from seismic interpretation
and core study. This conceptual model will be used as a guide for the final 3D facies
model.

e The last step is upscaling and distributing the petrophysical properties over geological
model cell using facies model as a guide for the distribution. The sequential Gaussian

Simulation (SGS) method was used in petrophysical model distribution.

In the following, the workflow of geological model construction is discussed in more detail.
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Fig. (2): 3D geological model workflow [16]

3.1 Stratigraphic model (Well correlation)

The concept of well correlation may enhance the distribution of petrophysical properties
variation and thickness of different lithological units in the reservoir; it was applied to give an
idea and allow simple visualization of the changes in the thickness within Mishrif units and the
change of the petrophysical properties [16]. After data were loaded into Petrel Software, two
well correlation sections were made. The two well correlation sections are shown in the map
(Figure 3) show the direction of correlation between wells. A green line represents the first one
in the NE-SW direction through three wells (Well-F, Well-A, Well-D). The second represents
the red line in the E-W direction pass by three wells (Well-D, Well-B, and Well-E). The
correlation was performed by comparing the well logs and petrophysical interpretation logs
(PHI, Sw, Facies) with indicated marker horizons. There are two marker horizons identified in
the studied area based on the standard logs: claystone of CR-I1I layer and the top of argillaceous

limestones of the Rumaila formation.
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Fig. (3): Lateral (Redline) and Longitudinal (Green line) well Correlation of Mishrif
Formation in X- Qilfield
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3.2 Structural Modeling

The structural model represents the main and the first stage for constructing a 3D geological
model, which divides the model into grid cells. Each cell will take one value of porosity, one
value of water saturation. The primary input for this model is a structure contour map and fault
information, which represents one of the most critical steps to create a three-dimensional
structural interpretation. The Structural modeling was subdivided into four processes: make edit
polygon, make edit surface, make sample grid, and vertical layering. All three operations were

performed one after the other to form one single data model.

The Structural surfaces maps were built based on a base map obtained by 2D seismic data
interpretation results (taking into account the locations of the drilled wells). The base map was
used as reference surfaces in order to build the structural model. In the model, a surfaces map
for each unit of Mishrif formation was created based on the structural map taken from 2D

seismic interpretation, and these maps have been adapted to well tops.

A simple grid method was used to build the structural framework of X-field with 234x278x91
grid cells in the X, Y, and Z directions, respectively. The grid was depicted as a square; its side
length is equal to 150 meters. The grid dimensions were relatively large to preventing grid
upscaling problem when exported into the simulation model. Figure (4) shows the skeleton of
the geological model.
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Fig. (4): Structural constraint for geological model

57



Journal of Petroleum Research and Studies

Open Access J‘pR P- ISSN: 2220-5381
No. 36, September 2022, pp. 51-70 B E- ISSN: 2710-1096

After grids construction, layering and zoning is the final step in constructing the structural
framework. It is essential to define the thickness and orientation of the layers between horizons
of the 3D grid. To ensure the best upscaling values for petrophysical properties in the geological
model cell, we should define the grid thickness properly. It is normal to modify the layering

after upscaling is done to compare input data and upscaled data better.

Each Mishrif unit in X-field has been divided into many layers depending on petrophysical
properties. CR11 zone consists of one layer in the uppermost of the formation because it
represents the seal rock of Mishrif formation. Table (1) illustrates the number of layers of each

unit in Mishrif formation.

Table (1) Mishrif unit and number of layers in each unit

Zone No. of Layers
CR_II - Mishrif B 1
Mishrif B -Mishrif B1 20
Mishrif B1 - Mishrif B2 25
Mishrif B2 - Mishrif B3 25
Mishrif B3 -Rumaila 20

The scale-up well logs are making averages for the values to the cells in the 3D grid penetrated
by the wells. An excessively large considerable model will cause PETREL's simulation to take
more significant amounts of time. During the process of upscaling well data into the model, we
have to ensure that once in the model; the data is representative of the original well data. Too
few layers will result in data loss, and too many layers will result in slow modeling in the future.
Comparison between well data and upscaled data is a primary process in static modeling and
needs to be thorough [17]. In geological models, facies and petrophysical properties (porosity
(9), permeability (K), and water saturation (Sw)) have been scaled up. Many statistical methods
are used to scale up, such as (arithmetic, harmonic, and geometric method). The facies log was
upscaled using most methods, while the current model's porosity, water saturation, and
permeability values were scaled up using the arithmetic average. Figure 5 showing the Scale-up

of facies, porosity, and water saturation logs for well-B.
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3.3 Property Modelling

Property modeling is the process of filling the grid cells with discrete (facies) or continuous
properties (porosity and water saturation). It is used to distribute petrophysical properties

laterally and vertically in the 3D grid cells.
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Fig. (5): Scale-up of facies, porosity, and water saturation logs for well-B
3.3.1 Facies modeling

Facies log from CPI was upscaled and distributed along the 3D grid. The Truncated Gaussian
with trend method was used to distribute the upscale facies log, this method was used to honour
the carbonate build-up deposit of Mishrif formation. The model was built based on the result of
conceptual geological model. The conceptual facies model for Mishrif formation in X-field was
built by integration data from 2D/3D seismic interpretation, well data, and core analysis (Figure
6). In order to generate the conceptual facies model, three genetic rock types were identified in
the Mishrif B unit; carbonate build-up deposits, shoal deposits, and enclosing Lagoon rocks.
According to the core study results, Wells A, D, and F penetrated reef deposits, while Wells B
and G penetrated back-reef Grainstones at the top of the MB unit. These rocks are replaced by

bioclastic sediments north eastwards in Wells C and E.
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The facies log contains two codes which are (Reservoir and non-reservoir). The reservoirs are
determined by porosity cut-off values using porosity — permeability cross plot. The porosity cut-
off values used are; 10% for petro type-1 Reef area, 13% for petro type-2, and 15.5% for petro
type-3. The Facies model of unit Mishrif B, B1, B2, and B3 were built using Truncated
Gaussian Simulation with Trend method.
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Fig. (6): Conceptual Facies model based on seismic and core study for X-field

3.3.2 Petrophysical model
The distribution of the petrophysical properties on a 3D grid is the primary purpose of this
paper. The reservoir petrophysical modelling can be done by deterministic and stochastic
methods. Sequential Gaussian simulation is a stochastic method, and it was widely used in

petrophysical modeling because of the flexibility of this method (Deutsch, 2014[18]).

The porosity, water saturation, and net to gross logs from Computer Processed Interpretation
results (CPI) for seven wells were scaled up into a cellular model using the arithmetic method.
The porosity model was built using the Sequential Gaussian Simulation (SGS) method and the
facies model as a guide for distribution. The same geostatistical method used in the porosity

models was also used in the water saturation and NTG model.

4. Results and Discussion

Well, correlations (lateral and longitudinal) were made for Mishrif Formation in X- field to take
an initial idea about the subsurface geological layers and check the thickness of subunit of
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Mishrif formation (Figure (7 and 8)). Figure (8) shows that well-D stratigraphically higher than
other wells. The thickness of the Mishrif unit is slightly decreasing toward the southeast of the
field, and a decrease in petrophysical properties is observed in the west of the field (well-E).
The petrophysical properties are very good with high net pay and NE-SW direction, which

presents the reef environment in X-field (Figure 7).

From the facies model, we can see the trend of sedimentation, which suggests a retrogradation
pattern from NW to SE. Facies 1 (Reservoir), dominated by Limestone brown to light brown,
and with oil shows has well distribution within the area and thinning towards the NW. The
facies model for units Mishrif B1 and B2 shows that oil shows disappear in the Lagoon region
and are dominated by (non-reservoir) facies. In contrast, the back reef alteration between
reservoirs facies at the top of these units and non-reservoir at the bottom. High oil shows still
dominated the reef area in these units while reservoir facies in the Reef region dominate Mishrif
B3. The following Figures (9, 10) show the facies model with different geological layers, while
(Figure 11) shows intersection for facies model through wells (F, A, B, and E).
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Fig. (10): Facies model for Mishrif formation, a) unit Mishrif B2, layer 50,

b) unit Mishrif B3 at layer 89
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Fig. (11): Cross section for Facies model throw wells (F, A, B, and E)

The porosity model shows, in general, the south east area, which represents the reef region, is

high compared to the North West side of the study area. The porosity range in the reef region is

between (14%-27%) especially in the wells F, A, D. These wells are characterized by high

porosity in all the Mishrif units. In contrast, C and E wells show that the porosity increases in

unit Mishrif B and gradually decreases in other units. The wells B and G show good to medium

porosity in all units except unit Mishrif B3. Figures (12, 13) show the average porosity model of

each Mishrif reservoir unit. The cross-sections in the S-N direction for porosity models were
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!

built to illustrate the vertical porosity distribution in each well understudy, as shown in Figure
(14).

The water saturation model shows that the unit Mishrif B has the lowest value across the field,
the Sw values starting a decrease in the northeast of the field. The water saturation also shows
that (F, A, and D wells) have the lowest water saturation reading. The unit Mishrif B3 shows the
highest Sw value on the northeast side of the field. Figures (15, 16) show the average Sw model
of each Mishrif reservoir unit. In contrast, figure (17) shows the cross-sections in the S-N
direction for Sw models built to illustrate the vertical distribution of Sw in each well under

study.

The NTG model shows that unit Mishrif B has the highest NTG with a range from (1-0.6), then
gradually decreasing toward the SE direction of the field. The unit Mishrif B3 has high NTG
along the reef area. Figures (18, 19) show the NTG model in each reservoir unit of Mishrif

formation.
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Fig. (12): Average porosity model, a) average porosity for unit Mishrif B,
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Fig. (15): Average water saturation model, a) average Sw for unit Mishrif B,
b) average Sw for unit Mishrif B1.
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Fig. (17): Intersection for water saturation model through wells
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5. Conclusions

The study aimed to distribute the reservoir properties in the framework of 3D geological

modelling for Mishrif Formation using Petrel software. It can be concluded that:

1- The stratigraphic model shows that the SE part of the field is stratigraphically more arisen
than the NW part, with the thickness of the Mishrif unit slightly decreasing toward the southeast
of the field. The Mishrif reservoir was subdivided into four units according to logs and

petrophysical interpretation.

2- The Mishrif reservoir is a structural and stratigraphic trap. This conclusion was observed

from the structural depth map and the petrophysical interpretation.

3- The sedimentation pattern is retrograded from NW to SE. The presence of oil shows a slight
disappearance in the Lagoon region in units Mishrif B1, B2, and B3. Large oil shows dominated

reef area in these units while Mishrif B3 is dominated by reservoir facies in Reef region only.

4- The porosity model shows that the southeast part of the field is large compared to the
northwest part of the study area. The porosity ranges between (14%-27%) in the SE part of the
field. The NW part shows good porosity in-unit Mishrif B only and gradually decreases in other

units.

5- The water saturation model shows that unit Mishrif B3 shows the largest Sw value in the
northeast side of the field while unit Mishrif B shows the lowest water saturation value in the

entire field.

6- The NTG model shows that unit Mishrif B has the largest NTG with a range from (1-0.6),
and then gradually decreases toward the SE direction of the field.
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