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Abstract

The Zubair Formation is one of the major reservoirs of high production in the
Rumaila oilfield, southern Irag. The petrophysical properties analysis of the Upper
Sand Member (Main Pay) of the Zubair Formation was conducted. The study includes
results analysis of four wells distributed along the South Rumaila oilfield. Using a set
of open well-logs, the main pay was divided into three main pay (AB, DJ and LN)
units separated by two insulating shale units (C and K). The unit DJ was subdivided
into three secondary reservoir units: D, F, H and the LN unit, which is split into L, M,
and N. The research also includes the statistical analysis of the petrophysical
properties, the calculation of the heterogeneity of the reservoir, and the cluster
analysis of the upper sand member. The results indicated that the petrophysical
specifications are good. Whereas, the results of the statistical analysis showed that the
study wells were heterogeneous reservoirs that could be and were divided into four
facies (Sand, Shaly Sand, Sandy Shale and Shale) depending on the log data.

Keywords: Southern Rumaila Qilfield, Zubair Formation, Main Pay, Petrophysical
properties, Statistical analysis.
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1. Introduction
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South Rumaila oilfield was regarded as one of the most important oilfields in southern Iraq
[1]. This field consists of multi-petroleum reservoirs. The South Rumaila oilfield was
discovered in 1953 depending mainly upon geophysical surveys, the seismic survey that was
carried out by Basra Petroleum Company (B.P.C). At the Rumaila oilfield, the average
thickness of the Zubair Formation is 380-390 m. The reservoir here comprises sandstones of
the earliest Aptian to Hauterivian age [1]. The Rumaila oilfield is located in southern Irag about
50 km west of Basrah city and about 30 km to the west of the Zubair oil field [2]. The field lies
approximately longitudes (47°14'46" - 47°26'14™) Easting and latitude (30°5'5.7" - 31°12'41")
Northing (Figure 1). Ismael, (2009) Used well logs, cores, and thin sections to calculate the
petrophysical characteristics and the petrophysical study of the main pay in the Zubair
Formation was completed. The study aims to analyse the statistics of the petrophysical
properties, calculate the physical parameters of the Upper Sand Member for the Zubair
Formation, measure the heterogeneity of the reservoir and cluster analysis of main pay.
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Figure 1: (A) Locatioh“(“)mf South Rumaila oil field, modified from [3]. (B) A map of the main
pay in the Zubair Formation, showing the studied wells.

2. Geological Setting
Rumaila oil field lies within Zubair Subzone, The Zubair subzone forms the southernmost

unit of the Mesopotamian zone. The Zubair Formation is one of the oil reservoirs that are
represented by the sediments of the Lower Cretaceous (Late Berriasian-Albian) cycle. This
formation is bounded from the upper part by Shuaiba Formation (Aptian), while the Ratawi
Formation (Valanginian-Hautrivian) forms its lower boundary [4].

The Zubair Formation consists of five members. These members named from top to bottom

are as follows: (Upper Shale Member, Upper Sandstone Member (main pay), Middle Shale
Member, Lower Sand Member, and Lower Shale Member). The upper sandstone member of
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the Zubair Formation is the main pay zone of the South Rumaila oil field [5]. The main pay is
comprised of three dominated sandstone units (AB, DJ, LN), separated by two shale units (C
and K) [5], as shown in Figure (2).
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Figure 2 : The s.tratigraphic column of the Zubair Formation in the Rumaila oil field, modified
from [6].

3. Materials and Methods
3.1 Petrophysical Properties Analysis

A different set of data logs were used (Gamma Ray Log (GR), Density Log (RHOB),
Neutron Log (NPHI), Sonic log (At), Caliper log, and Resistivity Logs (Rxo, Ri, Rt) to calculate
and analyze the petrophysical properties and evaluate the physical parameters of the study wells
for the Main Pay of the Zubair Formation in the South Rumaila oilfield using the Excel (2010),
then representation and zonation by using the Techlog software (2015). Four wells were
selected for the study; Ru-387, Ru-364, Ru- 386 and Ru-421. To estimate the characteristics of
the reservoir units as follows:

3.1.1. Calculation of Shale Volume (Vsh)
The Shale Volume is calculated from the gamma-Ray log [7].
IGR = ( GRlog—GRmin)/( GRmax- GRpmin) 1)
where IGR = gamma ray index; GR 103 = gamma ray log (AP1); GR min = minimum gamma-ray;
GR max = maximum gamma ray.
Vsh = (2@16R) —1)/3 (2)
where Vsh = volume of shale.

Depending on Vsh value extracted from the “Eq. (1)” for each well, was determined in clean
zones (sand) where the Vsh value (Vsh< %10) and unclean zones (dirty and shale) where the
Vsh value (Vsh>%10) or (Vsh=%10).

3.1.2. Porosity Calculation
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The total porosity is calculated from the neutron porosity and the density, where the density
porosity is calculated using “Eq. (3)” in the depths where the proportion of shale volume was
less than (10%) [8]. To calculate the porosity for dirty intervals (shale volume of more than
10%) use “Eq. (4)” [9].

®D = (Pma _Pb)/(Pma _ pf) (3)
ODc = [(LEEL) —[(EZL) x Vsh] (4)

where @D = density derived porosity; @Dc = Shale-corrected density porosity; p ma = matrix
density (2.65 g / cc); p b = the density log reading; p f = fluid density (1 g/cc); p sh = density
of nearby shale.

Measure the porosity directly from the neutron log for clean zones. As for the unclean (dirty
zones) the porosity corrected for the shale effect by using equation “Eq. (5)” [10].

@Nc = ON—(@Nsh x Vsh) (5)
where @N = neutron log derived porosity; @Nc = corrected neutron porosity; @Nsh = the

neutron log value versus the highest value in Vsh.

Calculate the total porosity for the clean depths using “Eq. (6)” [11].

ON.D = (ON + @D) /2 (6)

Calculate the primary porosity from the sonic log “Eq. (7)” [8], used to calculate porosity in
clean zones, while “Eq. (8)” [9], used in the dirty zones with a Shale content of more than (10%)
(Shaly zones) to correct porosity for the shale.

@s = (Atlog— Atyq) /(189 — Atpyg) (7

_ (Atlog — At ma).y __ ((Atsh— At ma)
@sc = [( (At f — At ma) )] [( (At f — At ma) ) x Vsh ] (8)

where @s = Sonic—derived porosity (the formation porosity); @sc = corrected sonic porosity;
At log = sonic reading by log, At ma = the interval transit time in the rock matrix, At f = the
interval transit time in the formation (189), At sh = the sonic value versus the highest value in
Vsh.

Secondary porosity is calculated at depths where the shale content is less than 10% according
to the “equation” [11].
SPI = §N.D—@S (9)

3.1.3. Calculation of Water and Hydrocarbon Saturation
In the invaded and uninvaded zones (Sxo and Sw), water saturation is calculated for the
depths where the volume of shale (Vsh) is less than 10% by using “Eq. (10)” [12].
F *Rw
Rt

SW =

(10)

where Sw = water saturation; Rt = true resistivity recorded by log (Qm); Rw = Formation
Water Resistivity; F = Formation factor.
F+Rmf
Rxo (11)
where Sxo = Water saturation of the invaded zone; Rmf = Resistivity of mud filtrate at
formation temperature; Rxo = Resistivity of the invaded zone.
To calculate the formation factor, we use the “Eq. (12)” [12].
F=a/Qpm (12)

SX0 =
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where a= tortuosity factor = (0.81) for Sandstone rocks; m= cementation factor = (2) for
Sandstone rocks.

while Sw for unclean depths (dirty-shale), where the volume of shale (Vsh) is more than
10%, is calculated using the “equation” of [13].

0.4*Rw Vsh 5% 02 Vsh

SWo= P52+ [{Go)? + G Gl (13)
where Rsh = true or deep resistivity versus the highest value in Vsh.

As for the hydrocarbon saturation (Sh), it is determined by the “equation” [14].
Sh = 1— Sw (14)
3.1.4. Calculation of the water formation resistivity

The are several sources from which the formation water resistivity can be calculated,
including resistivity-porosity computation, cross plots, water catologs, chemical analysis, and
the spontaneous potential (SP) curve [15]. In this study, the value of resistivity of formation
water (Rw) was calculated from resistivity-porosity logs.
Rw = @, * R, (15)
where Rt = true resistivity; from a deep-investigation resistivity log; @ = Porosity; m =
cementation factor. In the clean, water-bearing zone, Rt = Ro, so the “Eq. (15)” becomes Rw =
@m * Ro.
3.1.5 The bulk Volume of water

It was calculated in the uninvaded zone “Eq. (16)” and in the invaded zone “Eq. (17)” as
follows [15].
BVW = SW * @y,
(16)
BVX0 = SXO * Qyp @an

3.1.6 The bulk Volume of hydrocarbon
It is calculated from “Eq. (18)” as follows [15].

It also calculates the movable oil saturation (MOS) through the “equation” [16].
MOS = SX0—SW (19)

The residual saturation of the oil is calculated through the “equation” [15].
ROS = 1—SX0 (20)

3.2. Statistical Analysis

Statistical analysis will be studied from two sides: The first aspect is the qualitative
interpretation of the reservoir units by histograms between frequency and petrophysical
properties. As well as performing a cluster analysis using SPSS and Geolog 7 software. On the
other hand, reservoir heterogeneity will be measured using the Dykstra parson index.

4. Results and Discussion
4.1. Interpretation of Petrophysical Properties
4.1.1. Reservoir units

Based on the results of the petrophysical properties, the Main Pay in the studied wells was
divided into three main reservoir units, separated by two insulating layers of shale (Figure 4).
¢ AB unit

This unit has an average thickness of between (9-15.01) meters in the study wells. As shown
by the results of the logs analysis, this unit consists of sandstone mainly overlapping the shale.
The boundary of the layer terminates with a tight layer C below it of shale and is considered an
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important reservoir unit. It is observed through the results of the petrophysical properties of the
study wells, that the effective porosity (PHIND ef) appears good in all wells. And so, it appears
from the results of Vsh that the least amount of shale is in a well (Ru-386) while the
hydrocarbon saturation SH appears high in all wells, as shown in (Table 2).

o C unit

A layer consisting of shale, its thickness ranges between 1.5- 3.5 in the study wells.
e DJ unit

This unit has an average thickness of between 54.9-61 m in the study wells. Consists mainly
of sandstone with thin layers of shaly sand, and it was divided into secondary units. The
boundary of the layer terminates with a tight layer K below it of shale. It is observed through
the results of the petrophysical properties of the study wells, that the effective porosity (PHIND
ef) appears good in all wells. And so, it appears from the results of Vsh that the amount of shale
is low in all wells. while the hydrocarbon saturation SH appears good except in a well (Ru-
387), as shown in Table 2.

o K unit
A layer consisting of shale, as shown by the logs, its thickness ranges between 1.21- 3 in the
study wells.

o LN unit

This unit has an average thickness of between (48-54.6) meters in the study wells. Consists
mainly of sandstone and shaly sand with thin layers of shale, and it was divided into secondary
units as below. It is observed through the results of the petrophysical properties of the study
wells, that the effective porosity (PHIND ef) appears good in all. And so, it appears from the
results of Vsh that the least amount of shale is in a well (Ru-386, 364) while the hydrocarbon
saturation SH ranges from good to medium.
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Fidure 3: The logs for the well Ru-386.
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Figurer4 : The computed petrophysical properties of the Main Pay in Ru-386.

Table 2 : It shows the thickness, reservoir units depth, and the petrophysical results of the Main
Pay, Zubair Formation in the studied wells.

AB 3184.15-3195.50 11.4 0.12 0.13 0.82
DJ 3196.97-3257.92 61 0.07 0.17 0.54
LN 3258.75-3306.63 48 0.12 0.14 0.66
AB 3142.95-3153.81 10.86 0.16 0.17 0.81
DJ 3155.50-3212.98 57.44 0.10 0.18 0.71
LN 3214.90-3269.50 54.6 0.08 0.18 0.63
AB 3122.30-3131.30 9.0 0.06 0.19 0.87
DJ 3134.06-3190.10 56.04 0.05 0.19 0.93
LN 3191.87-3243.30 51.34 0.09 0.18 0.69
AB 3163.96-3178.97 15.01 0.18 0.17 0.90
DJ 3181.17-3236.05 54.9 0.09 0.17 0.68
LN 3238.01-3289.28 51.27 0.16 0.16 0.57

4.2. Interpretation Statistical Analysis
4.2.1. Statistical Analysis of reservoir units

The reservoir units of the Main pay were statistically analyzed. The purpose of the
construction of a histogram is to know the petrophysical specifications of the reservoir units.
The AB unit has good porosity and hydrocarbon saturation in all wells. The DJ and LN units
have good porosity and hydrocarbon saturation in all wells except the R-387 and Ru-421 wells.
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Figure 5 : Histogram of petrophysical properties of reservoir units of the Main Pay, Zubair
Formation in (Ru-386 well).

Table 3 : Statistical summary of Vsh, PHIND ef and SH of the Main Pay, Zubair Formation
for the well (Ru-386).

4.2.2. Cluster Analysis

The data is grouped in a cluster, as this data is a set of depth values that are related to a set
of petrophysical properties values that were measured along the well. The cluster analysis
divides data into supple data clusters. The number of clusters must cover all the data that appear
in the logs. And the cluster can be represented by using the cross-plot using Geolog 7 displays
as shown in (Figures 8 and 9) [17]. Depending on the cluster analysis can specify electrofacies
in the Main Pay based on the distribution of sand and shale ratio [18]. Based on the cluster
analysis by using Geolog 7 identified four electrofacies in the main Pay of the Zubair Formation
in the South Rumaila oil field. A set of well-logs that might reflect the lithofacies characteristics
were ultimately selected to partition the electrofacies clusters as GR, RHOB, NPHI and the logs
intervals were set as GR (0-150 API), RHOB (1.95-2.95 g/cm?®), and NPHI (-0.15-0.45 V/V).
The distribution of model logs is illustrated in (Figure 6). Based on the determination of the
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model logs, the cluster was set as four. After applying, each cluster corresponded to a different
color and the barycenter. The colors and the barycenters of the model logs in the four optimal
electrofacies clusters model are shown in (Figure 7).

Model Logs
MIN 132800 180
GREDTC  |MAX 146,580
(] MEAN U725
STODEV 24117 [
MIN 2211 1% 25
RHOZ MAX 3051
(o3 MEAN 237
STODEV 0107 % o
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TNPH MAX 0540
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STODEV 0088 . .

Model | Clugters  Facies ‘ Comparison |

Figure 6 : Histogram and distribution of model logs of the Main Pay, Zubair Formation (Ru-
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Figure 7 : 5 Colors and barycenters of the four clusters for Ru-386 well.
Four electrofacies were identified in the target interval and classified into four lithofacies

based on gamma-ray log response [19]: yellow = sand (clean); light blue = shaley sand; green
= sandy shale; dark blue = shale, as shown in (Figures 8 and 9).
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Figure 8 : Electrofacies of Main Pay, Zubair Formation in Ru-386 well.
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Figure 9 : Plot of clustering of four electro-facies (EF) for Ru-386 well.

4.2.3 Quantifying Heterogeneity

The study of oil-field reservoir heterogeneity is important in the oil industry as it affects
optimizing hydrocarbon production. To measure heterogeneity, we use geostatistical techniques
to describe the heterogeneity in a dataset [20]. For defining heterogeneity, statistical parameters
are frequently used the Dykstra-Parsons permeability variation [21]. The Dykstra-Parsons
coefficient is an excellent tool for characterizing the degree of reservoir heterogeneity. The
original permeability values have been plotted on the graph with the perce
nt sample with larger permeability. The Dykstra-Parsons coefficient ranges from a minimum
of 0 (homogeneous) to a maximum of 1.0 (heterogeneous), and is defined as follows:
Vik = (Kso — Ksa1) / Kso (21)
Ks,: Permeability value at the 50 percentile, Kg, ,: Permeability value at the 84.1 percentile.
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The permeability values must first be calculated and then the Dykstra-Parson coefficient is
applied. The permeability of the study wells was calculated using well logs data through the
relationship between porosity and water saturation (Hyperbolic lines), which can be calculated
only when the reservoir is at irreducible water saturation, which depends on the values of the
total water volume. By applying the relationship between irreducible water saturation and
porosity for each reservoir unit in each well, only some units were found for which it was
possible to calculate the permeability Because the rest of the units of the study wells are mobile
water saturation. So, this equation cannot be applied to it to calculate the permeability (Figure
10). Then the “equation” [8] was applied to calculate the permeability:

03 \1?
K= [C * (Swirr)] (22)
where C = constant, its value equals 250 for medium oil and 79 for dry gas; K = permeability
(mD); @ = porosity. The results showed in (Table 3) that the permeability values of the reservoir
units of Main Pay of the Zubair Formation for the study wells were between (Good — Excellent).

o =)
o ~
o o

ot
0
=}

Swi water saturation above transition zone(%)

0.00 0.05 0.10 0.15 0.20 0.25 030 035 040

porosity

Figure 10 : Charts for estimating permeability for reservoir unit AB of Ru-386 well between
porosity and irreducible water saturation.

In this study, the heterogeneity of the reservoir for the Main Pay was measured using the
method of the Dykstra-Parsons coefficient for study wells. Where the results indicated, after
calculating the coefficient, that the study wells were a reservoir of heterogeneity (Figure 11).

Table 3 : Permeabilitx values for the Main Pax, Zubair Formation wells of the studx area.

AB 1.3 4767.6 580.76 Very good
AB 1.8 4808.1 597.28 Very good
DJ 1 1731.3 195.99 Very good
AB 1.5 4659.2 1270.21 Excellent
LN 1 2653.3 511.42 Very good
AB 6.9 4699.6 980.75 Very good
DJ 35 2600.7 288.46 Very good
LN 1 2664.9 295.88 Very good
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Figure 11 : The Dykstra-Parson coefficient of permeability variation.

5. Conclusions

The petrophysical properties of the Main Pay were analyzed and calculating their values
(Vsh, @N.D, SW, SH). The results showed that reservoir units’ lithology ranges from sandstone
to shaly sandstone and a few percentages of the shale in all study wells. After calculating the
petrophysical properties of Main Pay in the studied wells, it was divided into three main
reservoir units (AB, DJ, and LN), separated by two insulating units of shale (C, and K). The DJ
unit was then divided into three secondary reservoir units (D, F, H), while the unit LN was
divided into three secondary units (L, M, and N).

The results of the statistical analysis of the Main Pay showed that the study wells were
heterogeneous reservoirs and were divided into four facies depending on the GR Data.
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