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ABSTRACT

The permeability determination in the reservoirs that are anisotropic and heterogeneous is a
complicated problem due to the limited number of wells that contain core samples and well test
data. This paper presents hydraulic flow units and flow zone indicator for predicting
permeability of rock mass from core for Nahr-Umr reservoir/ Subba field. The Permeability
measurement is better found in the laboratory work on the cored rock that taken from the
formation. Nahr-Umr Formation is the main lower cretaceous sandstone reservoir in southern of
Irag. This formation is made up mainly of sandstone. Nahr-Umr formation was deposited on a
gradually rising basin floor. The digenesis of Nahr-Umr sediments is very important due to its
direct relation to the porosity and permeability.

In this study permeability has been predicated by using the flow zone indicator methods. This

method attempts to identify the flow zone indicator in un-cored wells using log records. Once the
flow zone indicator is calculated from the core data, a relationship between this FZI value and
the well logs can be obtained.

Three relationships have been found for Nahr-Umr reservoir/Subba field by FZI method.

By plotting the permeability of the core versus the permeability that is predicted by FZI method
the parameter R® was found (0.905) which is very good for predict the permeability.

Key words: permeability, FZI

FZI 44y aladinly dsa Jia / jae g (raSal i) cilaa
Oy ol ) 2aa) O daaa andly A Lea dana B rew
dasil) Ania and/Anigl) A4S/ alasy Aaala BT KYS NS kW
Laaill 3 ) 5 o/J sl ysaty alSall 3 yila dagil) Ania and/Aigh) A0S/ alany Anala

iadal)

ALl eS8 LY Jasd Gl g Ll e oY &bjwﬁﬁm@m@d\ e GalSall 8 el Gl )

(flow zone indicator) s (hydraulic flow units) (sl aiul 25y Eaall 1aa & LY (e Gaze 222l 02 538

o 4 Jad) dvia Jaa 8 jee el S (eod dlall Gl Gile OIS e sdiall 40l Glis A LgaladinY

Gin A JEaY ) GaSall ga yae yed (eSS JAa) e el salall QLI Cilie (e puidall 8 4y gl Ml

o5 s i e e (5SE Ll s (e Aol ) o) s 5K e e (5K gl (1aSe 4 5 (3l

e 58 e ol g Ll @lla 5 las dngadilas (B jee jed (3 5S5 a5 ) Ui delia (5 568 (s (A 4 )T
Sl 4adlds g Adbise e

160



Number 9 Volume 22 September 2016 Journal of Engineering

4dyhll o3a | (Flow zone indicator) 4a b aladiuly dsa Jia 3 jee el (Sl 4dlal) Clua &5 Eand) 138 d
Flow ) Glua azy Sluaall aladindy Gllll Glise Lo e S LY 8 (Flow zone indicator) 4ed s Jglas
Glusa s (Flow zone indicator) 4 swaall 4eill s3a (0 483e alag) ol o Jh siall QLI Cilily ¢« (zoNe indicator
FZI 48 sk pladiuly doa i/ jee 565 paSal a5 BBl 4536, LY
Bim dad iy i (0.905) a5 28 R? il (L8 FZ] 4y yhay aliaaionall 4l aa Ll 4l sy adasd 59
FZI 48 ) 4308l alayy
FZI, a3l s Al cilalSl)

1. INTRODUCTION

One of the most important rock parameters for the evaluation of hydrocarbon reservoirs is
permeability. Permeability was controlled by the size of the connecting passage between pores.
Recovery of hydrocarbons from the reservoir is an important process in petroleum engineering
and estimating permeability can aid in determining how much hydrocarbons can be produced
from a reservoir".

Pasternak, 2009 stated that there is more one method to determine the permeability and
porosity that are composed much of the technical literature in the industry of oil. There was no
defined equation between the values of porosity and permeability. In many cases the relationship
between porosity and permeability was qualitatively and in any way was not direct or indirect
quantitatively. At all it was possible to find very high value of porosity without founding any
permeability, as in the cases of pumice stones (where the permeability effective was approach to
zero), clay and shale. The reverse might be true where the permeability was high and the
porosity was low, like in micro fractured carbonate reservoirs. In spite of this fundamental lack
of corresponding between the two properties, there were often can be find a good correlations
between the porosity and permeability within one formation.

Tiab, and Donaldson, 2004 gave that the reservoir rock nature may contain oil dictated that
the fluids quantities that were trapped within the pores of these rocks. The porosity may be
defined as a measure of the void space of rock, and the permeability was the ability measurement
of the rock to transmit fluid. Knowledge of the porosity and permeability was essentially before
the questions concern the types of fluid, amount of fluid, rate of fluid flowing, and fluid recovery
estimate could be answered".

2. FLOW UNITS

Bear, 1972, stated that the flow unit may be as the representative of the elementary volume of
the total reservoir rock which the geologically and petro physical properties of the rock volume
are the same.

Hear et al., 1984, defined the flow unit as a reservoir zone that was laterally and vertically
continuous, and has similar permeability, porosity, and bedding characteristic.

Ebank, 1987, defined the hydraulic flowing units as portions of the reservoir which the
geologically and petro physical properties that affects the flow of fluids were consistence and
predictably different from the properties of other reservoir rocks volume.
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Gunter, et al., 1997, showed that the flow units as continuous stratigraphic intervals of
similar reservoir process that honor the geological frameworks and maintain the
characteristically of the rock types. The hydraulic flow unit concept of hydraulic may be used to
find the permeability.

3. DEVELOPMENT OF FLOW UNIT CONCEPT.

Amaefule, et al., 1993, considered the mean hydraulic radius role is in defining hydraulic
flow units and correlation permeability from cores data. Their approach was essential based on
the modified Kozeny-Carmen equation:

3
)
217 X Sgy (1= 0esf)

The Amaefule et al,defined the mean hydraulic radius as follows:

Cross sectional Area T
rmh = = - )

Wetted perimeter 2

Tiab, and Donaldson, 2004, considered the concept of subgrouping reservoir volume into the
flowing unit, suggested that the term 2t in Eq. (1), which is classical referred to as Kozeny
constant, is actually “variable constant”. That means that Kozeny constant may vary for different
hydraulics units, but is constant for a specific unit. Based on that, Tiab, and Donaldson, 2004,
introduced the “variable constant” k. referred to as the effective zoning factor:

B 1 Oofs
k= (:c,rxsgf) X (1-0.57°) (3)
Tiab, and Donaldson, (2004) proposed to estimate the effective zoning factor:
k.= F.x 1° (4)

Carmen, 1937, ‘simulated a porous medium as a bundle of capillary tubes. They combined
Darcy’s law for flow in a porous medium and Poiseuille’s law for flow in tubes. A tortuosity
factor was also included, because for a realistic model of porous media the connected pore
structure is not straight capillary tubes. Carmen, 1937, suggested the following relationship
between porosity and permeability:

(peff X Tmhz
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Al —Ajmi, and Holditch, 2000, showed that the mean hydraulic radius can be related to the
specific surface area per unit grain volume Sy, and the effective porosity e, by the following
equation:

1 Perr )
S, =—x 6
SR (1 — QPeff ©)

Combining Egs. (5) and (6), gives the generalized Kozeny-Carmen equation:

3
S/ MV — ™
(1_@9},},) F.x 12 X Sap
The term (Fsxt?) is known as the Kozeny constant, which is usually between 5 and 100 in
most reservoir rocks. The term (FSXIZXSQVZ) a function of geological characteristics of porous
media and varies with changes in pore geometry. The determination of the (FSXTZXSQVZ) group is
the focal point of the Hydraulic Flow Unit (HFU) classification technique.

4. IDENTIFICATION OF FLOW ZONE INDICATOR (FZI) AND RESERVOIR
QUALITY INDEX (RQI)

Taslimi, 2008 showed that flow zone indicator depends on geological characteristics of the
material and various pore geometry of a rock mass; hence, it is a good parameter for determining
HFU. Flow zone indicator is a function of reservoir quality index and void ratio.

Amaefule, et al., 1993, addressed the variability of Kozeny’s constant by dividing Eq.(1) by the
effective porosity ¢es, and taking the logarithm:”

E 1 x( Durs )x 1 8)

quugff © 0.0314 s [F
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Where, the constant 0.0314 is the permeability conversion factor from pm?- md.
Al —Ajmi, and Holditch, 2000, defined the flow zone indictor FZI (um) as:
1 (9)

—
ngv VI

FZI =

Reservoir quality index RQI (um) as:

K
RQI = 0.0314 |
«J Perr

(10)
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And normalized porosity ¢ (fraction) as:

_ Pesr

Substituting Eg. (9) and Eq. (10) in Eq. (8) gives the following equation:

RQI = FZI X @, (12)

Taking the logarithm of both sides of Eq. (12) yields:
log RQI =log FZI X log ¢, (13)

Al —Ajmi, and Holditch, 2000, considered that in a Log-Log plot of RQI versus ¢, all the
samples with similar FZI values lie on a straight line with a slope of one; and data samples with
the same FZI values, but significantly different from the preceding one, will lie on another,
parallel, unit-slope lines; and so on Perez, 2003 samples that lie on the same straight line have
similar pore throat attributes, and thereby constitute a unique HFU. Each line represents a HFU
and the intercept of this line with ¢,=1is the mean FZI value for that HFU. Each flow unit is
characterized by FZI. Amaefule, et al.,1993, determined the basis of HFU classification is to
identify groups of data that form unit-slope straight lines on a Log-Log plot of RQI versus ¢, as
shown in Fig.1.

5. FZI CORRELATION WITH WELL LOGS DATA

FZI is then correlated with certain combinations of logging tool responses to predict
permeability values in cored and un-cored intervals of wells. This method attempts to identify
the flow zone indicator in un-cored wells using log records. Once the flow zone indicator is
calculated from the core data, a relationship between this FZI value and the well logs can be
obtained, Pablo, 2008.

Egs. (10) through (12) are used to compute the functions for preparing a log-log plot of RQI
versus @, for each reservoir unit of all the wells. The data that have similar FZI values fall on a
straight line (of the same slope); and all the data on the same straight line can be considered to
have similar pore throat attributes (the same hydraulic unit) governing the flow. The
permeability can be computed for those points on the same straight line (with same FZI) where
core permeability plotted versus core porosity as shown in Fig.2:

Using the Eqg. (14) to calculate the permeability in the un-cored wells:

Perr’

K =1014 x FZI? x
(1 = @efp)?

(14)
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The cross plot of the logarithm of permeability versus porosity data obtained from core analyses
is shown in Fig.1. The cross plot of the logarithm of the reservoir quality index (RQI) versus the
logarithm of the normalized porosity (dz) for various values of the Flow Zone Indicator (FZI)
are shown in Figure Fig.2. The cross plots of the K-predicated by FZI and K-core versus depth
for each well are shown in Figs .3 to 7. A good agreement between the k-predicted and k-core
values along most depth intervals of the units may be noticed from these figures. By plotting the
permeability of the core versus the permeability that is predicted by FZI method for the cored
wells the parameter R* was found (0.905) as in Fig.8 and this value is considered good to find
the values of permeability for Subba field /Nahr-Umr reservoir.

5. CONCLUSIONS

- FZI method is very accurate method in estimating permeability in un-cored well. Good
agreement has been obtained between core permeability and calculated permeability by FZI
method.

- FZI method gave three groups for Nahr-Umr reservoir, each group represent type of rocks, each
type have the similar porosity and similar properties which can be used to divide the reservoir.
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Figurel. Reservoir quality index (RQI) versus the normalized porosity (&@z) for Nahr-Umr
formation. Watten, 2015.
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Figure 2. Core permeability versus core porosity for Nahr-Umr formation. Watten, 2015.
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Figure 3. K- Predicted from FZI and K-Core versus depth for Nahr-Umr formation (well su-4).
Watten, 2015.
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Figure 4. K- Predicted from FZI and K-core versus depth for Nahr-Umr formation (well su-5).
Watten, 2015.
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Figure 5. K- Predicted from FZI and K-Core versus depth for Nahr-Umr formation (well su-7).
Watten, 2015.
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Figure 6. K- Predicted from FZI and K-core versus depth for Nahr-Umr formation (well su-9).
Watten, 2015.
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Figure 7. K- Predicted from FZI and K-core versus depth for Nahr-Umr formation (well su-14).
Watten, 2015.

169



Number 9 Volume 22 September 2016 Journal of Engineering

k core vs k pred
1000 y = 1.8129x08727
R? =0.905
100
o
1Y
@k core vs k pred
1
01 —9
o 9
0.01 -+ . . | | |
o o 1| kcore 100 1000

Figure 8: K- Predicted by FZI and K-core.

Table.1Regression formulas with their correlation coefficient (R?) by FZI method.

FZI Formula R2
FzI =1 K=24483 *¢peff3-5415 0.9437
FzI =2 K=46612 *¢peff3-211 0.9545
FZI =3 K=14789 *¢peff34757 0.9391
Symbol Description Unit
Fs effective pore throat shape factor (---)
K permeability md
K function of pore-pore throat size and geometries, ()
' tortuosity and cementation
r pore throat radius pum
rah mean hydraulic radius pum

170




Number 9 Volume 22 September 2016 Journal of Engineering

surface area of grains exposed to fluid per unit volume

Sov of solid material cm2/em3
NOMENCLATURE
Greek Symbols
Qeff Effective porosity fraction
(0Y4 Normalized porosity fraction
T Tortuosity (---)
Abbreviations
FZI Flow Zone Indicator
HFU Hydraulic Flow Unit
RQI Reservoir Quality Index

171



