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Abstract

Oil recovery could be impacted by the relation between vertical permeability (Kv) and horizontal permeability (Kn) (KW/Kn). 4816
plugs that have been getting hold of 18 wells of Mishrif formation in the West Qurna oilfield were used. K/Kn data provided some
scatter, but the mean is ~1. Ku/Kn =1 was used for the Petrel model before upscaling according to the heterogeneity of each layer.
Kv/Kn values for Mishrif Formation in West Qurna Qilfield are 0.8 for relatively homogeneous, 0.4 for heterogeneous rock, and 0.1

for cap rocks (CRII).

Eclipse ™ was used for reservoir simulation. PVT and SCAL data enhanced the simulation process. The results showed that the
reduction of Kv/Kn to 0.9 for the mA unit would reduce the recovery factor (RF) by ~0.9% and continuing lowering would reduce RF
more, while the same reduction would reduce RF by ~1% in the mB1 unit. The reduction would be 0.8, which increases RF by
~0.5% for the mB2U unit, while there was no effect on RF in the CRII unit whatever the reductions.
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1- Introduction

Heterogeneity is a substantial characteristic of all
carbonate reservoirs around the world. The petrophysical
feature of carbonate reservoirs significantly varies both
horizontally and perpendicularly. Sidelong changes are
ordinarily a result of diverse depositional environments,
while vertical-axis heterogeneities are the reason for basin
evolution throughout the age of the reservoir [1]. In a
straightforward way, heterogeneity attends to divergence
in characteristics in a single cluster. The terms variability,
contradiction, randomness, complication, divergence, and
perversion from criterion could be matched with this
sense [2]. In studies of reservoir characteristics, fluid
flow, and reserve-related features are interesting factors,
so the researchers are focusing on these two parts [3]. All
reservoirs concerning changeable are included in this
term. Common examples include mineralogy, absolute
and relative permeability, pore types, pore volume, pore
throat size distribution, grain size, sorting, cementation
and dissolution, and the production rate [4, 5].

On one hand, some researchers confirm that the
alteration in any attribute of petrophysical properties in a
three-dimensional void will cause heterogeneity of the
regulation [6, 7], while on another hand, the concept of
time has been appended to the term of heterogeneity [8].
Changing a property over time also leads to an increase in

heterogeneity; variation in insular item density in the
domain was defined as heterogeneity [9].

Permeability (K) is one of the main substantial
properties of reservoirs. Manifest research has gathered
permeability data linked to sedimentological/stratigraphic
patterns with the objective of examining the domination
of permeability allocation and their viability to oil and gas
reservoirs [10]. By the study of well cores, outcrops can
give much preferable ideation and authoritative
assessment of the sedimentary structure dominant fluid
flow, especially lateral divergences in lithofacies and
related properties [11]. In addition, available proof
supports the basic  supposition that statistical
measurements of changeability and spatial relations are
preserved in underground reservoirs, although absolute
values of k and permeability tendencies may be varied
[12,13].

Horizontal permeability (Ky) is parallel to the bedding
level and is mostly higher than vertical (K,). Low vertical
permeability leads to a larger pressure decline close to the
wellbore and affects the skin factor immediately. (K,) is
substantial in the management and development of any
reservoir. The priority includes the best choice of wells,
which will be drilled and production flow rate, horizontal
well implementations, optimum completion processes,
selection of the location of the perforations, and the
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design plans of enhanced oil recovery [14]. The term
(KW/Kp) clarifies the disparity in permeability between the
vertical and horizontal levels within a formula called
anisotropic permeability [15]. This ratio is remarkable in
reservoir simulation methods because it is usable in
vertical wells and will be more significant in partially
penetrated or horizontal wells. Reservoirs that identify as
(layered reservoirs) are divided into layers based on the
(K\/Kn) relationships [16].

The retrievable amount of hydrocarbon is initially in
place, normally used as a proportion. The recovery factor
(RF) is an assignment of the displacement technique. An
important objective of enhanced oil recovery is in order to
increase the recovery factor [17]. The definitive recovery
factor is known as the relation between the definitive
recovery and the original oil in place (OOIP) [18]:

Npmax
N

RF =

@
Npmax = definitive recovery. N = Original oil in place.

The recovery factor can be utilized for the entire
reservoir or for selected units. The recovery factor is
counted for a given point equal to the displacement
competence derived by the current oil recovery
mechanisms at just this point [19]. Five correlations have
been adopted for Mishrif Reservoir in the West Qurna/l
oilfield, which linked Kv with Kh according to the
heterogeneity effect. The correlations showed that the
permeability is affected by porosity in the upper Mishrif
due to the semi homogeneity and the upper part of the
lower Mishrif has a higher anisotropy than the other units
[20].

The study by (Liu, H., et al., 2018) demonstrated that
Mishrif Formation characteristics in the West Qurna
oilfield are held by prevailing pore types, which are the
decisive sources for reservoir heterogeneity [21].
Recently, results revealed that the Mishrif reservoir units
were strongly influenced by sequence stratigraphy,
sedimentation, and diagenesis [22].

Many procedures have been adopted in order to
quantitatively characterize the reservoir heterogeneity by
sharing the results of processing [23]. The Dykstra-
Parsons permeability variation is defined by the following
expression (Eq. 2 and Fig. 1):

Ks0—Kgaa
Kso

V= 2

Where: K;, = permeability at 84.1% (m.D). Kg, = the
mean permeability at 50% (m.D). V permeability
variation.

A new parameter was developed in order to characterize
the reservoir heterogeneity according to Dykstra and
Parson's procedure [24]. The variation coefficient of
permeability represents the ratio of the standard deviation
of permeability to the mean permeability. This coefficient
was advanced into two coefficients, the permeability dart
coefficient, and the permeability contrast coefficient to
identify reservoir heterogeneity [25]. Moreover, many
other parameters are also adopted to characterize reservoir
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heterogeneity, such as (Lorenz and permeability diversity
coefficient, entropy weight method, and Thiel index) [26 -
29].
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Fig. 1. Dykstra - Parsons Plot of Permeability Variation
[23]
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1.1. Geological setting

The West Qurna Oilfield is located about 14 km from
Qurna city, at the north edge of Basrah Governorate. This
oilfield represents the extension of the giant North
Rumaila Qilfield in southern Irag. Tectonically, it is part
of a long-pivot anticline that mostly has the direction N—
S, but in northern parts, the pivot will change to NW-SE.
[30] Fig. 2. The West Qurna Qilfield is about 40 km long
and 17 km wide. The field subsists on the external
platform of the Arabian Plate in the Mesopotamia tub
[31].
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Fig. 2. Thé Geographical Location of West Qurna Oilfield
and Well Locations in this Study [30]
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1.2. Reservoir Zonation

Mishrif Formation expounds the Cretaceous era is the
fundamental carbonate reservoir in southern Iragi oil
fields, characterized features by of heterogeneity and
complication [32, 33].

Six facies represent this Formation (starting from the
mid-decline facies to peripheral facies) [34]. Mishrif
Formation consists of five units (some researchers
considered the Rumaila unit as a part of Mishrif and
called it mC). (mA) or upper Mishrif is located between
Cap Rock | which represents the top of the Mishrif and
Cap Rock Il. The features of mA indicate a high-quality
homogeneous or semi-homogeneous productive unit.
(mB1 and mB2) which represents the lower part of the
Mishrif varies from observed sharp heterogeneity in the
mB1 unit to the minimal heterogeneity in the lower part
of the mB2 unit Fig. 3 [35].
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Fig. 3. The Sequence Stratigraphy, Deposit Facies, and
Units of Mishrif Formation [20]

Carbonates and shale are the main components of rocks
in the Mishrif Formation characterized by vertical phase
transmission conditions, but also it holds some additional
elements [36]. Mishrif Formation is composed of rudist,
algal, foraminifera, bivalves, coral, gastropods, and
echinoderms [37].

1.3. Depositional Environments

Mishrif sedimentary environments are distributed to
many types as basins, steeps, superficial marine
environments, Rudist biostromes, posterior superficial,
and lagoons [38, 39]. (mB2) rocks, which in general
represent mid-decline facies are characterized overall, as
composed of wackestone to packstone rocks. The upper
part of mB2, which is located under the (mB1) unit
directly, refers to shallow facies, while the rock type for
the mB1 layer mainly represents a form of packstone to
grainstone with the existence of wackestone, which refers
to superficial facies [40].

The mA Unit has a set of rock types consequent to
facies ranging by different degrees of superficial facies in
the upper formation of the mA unit. The mA unit contains
a three-flow unit, while the lower Mishrif has eight flow
units [35, 41]. The Mishrif formation is a bit of a second-
form regulation trajectory of Arabian massive gradation,
which is identified as (AP8) [42, 43]. Albian era to the
initial Turonian represents the sequence of the Mishrif
Formation, which represents 95 to 89 million years ago,
starting from late Cenomanian to early Turonian [44, 45]
Fig. 4.
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2- Methodology
2.1. Materials

This study focused on 4816 plugs that have been getting
hold of 18 wells of Mishrif formation in the West Qurna
oilfield. The numbers of plugs and their source are shown
in Table 1.

4-5” in diameter 5-8” in height (for non-WQ1-355 cores)
and 1” in WQ1-355 with the exception of three cores with
4’ height.

Table 1. Numbers and Source of Plugs used in this Study

[35]
Mishrif No. of Range of ¢ Range of K
Unit Plugs (Frac.) (mD.)
mA 1024  0.010-0.319 0.01-1384
CRII 80 0.021-0.267  0.001 - 282
mB1 1284  0.010-0.352  0.01-2214
mB2 1528  0.019-0.377  0.01-1350

Fig. 5 Shows Significant heterogeneity in CRI, CRII,
mB1, and lower mC, some heterogeneity in mA, and
relatively homogeneous in mB2U, mB2L, and upper mC.

model before upscaling. There are two components of Ky

upscaling:

1- From plug level to Petrel layer level.

2- From Petrel level to simulation layer level using
flow-based permeability upscaling. Mishrif Petrel
layers are 1 meter thick. Mishrif simulation layers are
~2 meters thick in upper reservoirs, but the lower
reservoirs mB2L and mC were thicker.

3-  The simulation process has been done by Eclipse.

The possible recommendations for the plug to Petrel

level are shown in Table 2 and Fig. 6.

Table 2. K\/Kn Values used in Petrel Simulation

KJ/Kn Unit Core Notes
Value Homogeneity diameters
relatively . .
0.8 homogeneous 3= 47 fll
cores
rock
0.4 is slightly less
04 heterogeneous 47-5” full than the mean of
’ rock cores 0.5, which included
homogeneous rocks
0.1 cap rocks in particular, CRII
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Fig. 5. Distribution of K, Vs Depth for Units of Mishrif
Formation for some Selected Wells

2.2. Methods
2.2.1. Permeability and porosity calculations

4816 plugs have been experimented with from the

Mishrif Formation. Permeability and porosity were
measured by Routine core analyses (RCA). The average
rock density for the cores used in the experiment was
2.691g/cmd,
Analyses with either the same depth values or similar
depth values (within ~0.5 m) were paired. Values with no
pair (H but no V or V but no H) were deleted. Plugs from
Mishrif Formation (and a few Rumaila Unit -mC)
analyses only.

2.2.2. Simulation process with Petrel™ and Eclipse™

Petrel™ V.2017 and Eclipse™ were utilized for the
simulation process. K/Kn=1 was used for the Petrel

#

Qil, Water STB

EvKn = 1.0

Kv/Kh = 0.3
EvwEh = 0.1

////////////////////////////////////

Fig. 6. Basic Simulation Process for All Units
3- Results

The data were from 18 wells for the Mishrif Formation
in the West Qurna oilfield and from production data. The
results obtained by the simulation process in Petrel
software are:

3.1. Effect of K\/Ky on RF for mA unit

Two values of K./Ky were applied for the mA unit in

two steps, The first was considered to be homogeneous,
which led to K\/K; being equal to 0.8, in the second step
the value was 0.4. Fig. 7.
From Fig. 7 A, Reducing K./Kn from 1.0 to 0.4 for the
mA unit would reduce RF by ~2.5% for the next 30 years
while lowering it to 0.8 would reduce RF by ~0.9% (Fig.
7 B).

3.2. Effect of K\/K;, on production for CRII unit
There is no significant effect of K./Kn on recovery in

this unit when it was reduced to 0.1 and 0.01. Fig. 8. The
two curves were fully matched.
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Fig. 8. Effect of K/Ky on Recovery for CRII Unit
3.3. Effect of K\/Ky on RF for mB1 unit

From Fig. 9, Reducing Ky/Kn from 1.0 to 0.4 for the
mB1 unit would reduce RF by ~1% for the next 30 years.
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Fig. 9. Effect of K\/Ky on RF for mB1 Unit

3.4. Effect of K\/Ky on RF for mB2U unit

From Fig. 10, Reducing K/K; from 1.0 to 0.8 for the
Upper mB2 unit would increase RF by ~0.5% for the next
30 years.
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Fig. 10. Effect of K\/K, on RF for mB2U Unit
4- Discussion

Full diameter cores K\/Ky, from 4 wells averaged 0.5,
less than WQ1-355 core plug K«/Ky of ~0.8. This is
expected from the harmonic averaging of K, and is
consistent with our investigation of stacking multiple core
plugs together. Changing only K/Kn values for the CRII
unit (multiply 0.1 and 0.01) did not impact the recovery
factor. That is because the unit is a non-productive unit,
it’s only Cap rock.

Potentially lower recovery at lower K\/Kp if multiplying
Kw/Kn by a factor in 2011 without a pre-history match.
Part of the K\/K; impact was reflected during the history
matching process where K,/Kn was modified.

Full core values of K./Ky were less than core plug
Kv/Kn, especially at high range, due to harmonic
averaging of Ky K\/Kn from that obtained from 4 wells
averaged 0.5, which is less than from K./Ky of others
(~0.8.). This is expected from harmonic averaging of Kv
and consistent with our investigation of stacking multiple
core plugs together.

The K¢/K; of 0.63-0.95, an average of ~0.8, was
represented in the well WQ1-20 of rather homogeneous
rock, not representative of heterogeneous rock like mB1,
and cap rocks in other wells. The full core for WQ1-355
belongs to mA unit, which is relatively homogeneous in
this well, but heterogeneous in some other wells

The comparison between the effect of K./Kn (for
heterogeneous and homogenous units) on the recovery
factor is shown in Fig. 11.
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Fig. 11. The Effect of K/Kx on Recovery for All Units
5-  Conclusions

This study participated in the recognition of the effect of
heterogeneity on recovery factor for all units of Mishrif
Formation in the West Qurna oilfield using cores and
production data as follows:

1- KJ/Kj; values for Mishrif Formation in West Qurna
Qilfield are 0.8 for relatively homogeneous rock, 0.4
for heterogeneous rock, and 0.1 for cap rocks (CRII).

2- The lithofacies data show that the mA interval is
characterized by low porosity with moderate
permeability. Cap rocks 2 (CRII) are characterized by
low permeability and low porosity rocks (flow
barriers, baffles). mB1 interval shows rocks with low
porosity and high permeability. Highly porous and
permeable rocks (10s to 100s mD) represent the
mB2U interval. Microporous rocks in the mB2L
interval show high porosity (over 37%) with low
permeability (0.1-10's mD).

3- Simulation results showed the potential impact of
KJ/Kn on oil recovery and potentially reduced mA
and mB1 recovery applications for the other
reservoirs.

4- Core plugs tests showed relative homogeneity in mA,
and mB2 units and heterogeneity in CRI, CRI, and
mB1 units.

5- Reducing Ky/Kn from 1.0 to 0.4 for the mA unit
would reduce RF by ~2.5% while lowering it to 0.8
would reduce RF by ~0.9%.

6- Reducing K./Kn from 1.0 to 0.4 would reduce RF by
~1% for the mB1 unit while reducing to 0.8 for
mB2U would increase RF by ~0.5%.

7- There is no significant effect of K./Ky on production
in this unit when it is reduced to 0.1 and 0.01.

Nomenclature

AP8 Avrabian Plate 8

CRI Cap Rock 1

CRII Cap Rock 2

Frac. Fraction

g/lcm3 grams per cubic centimeter
K Permeability

Kn horizontal permeability

Ky vertical permeability

mA Upper Mishrif

mB1 Lower Mishrif part 1

mB2 Lower Mishrif part 2

mC Rumaila Unit or sometimes considered
as Lower Mishrif part 3

md or mD milli-Darcy

N Initial oil in place

Npmax definitive recovery

OOlIP Original Oil in Place

RCA Routine Core Analysis

RF Recovery Factor

SCAL Special Core Analysis
WwQ1 West Qurna Oilfield 1
~ Approximately

® porosity
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