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MULTIPLE VARIABLE REGRESSION ANALYSIS FOR THE PERMEABILITY
PREDICTION OF UNCORED WELL INTERVALS IN THE SOUTH TURGAY
BASIN'S OILFIELD.

B cmamve paccmampueaemcs npeobpazosanue OamHuIX 2e0@DuU3UYECKUX
UCCIeO0BAHUL  CKBAJICUHBL 6 npoHuyaemocnib nymem MmHO20 JUHEUHOU
pezpeccuu. HO]Zy'ieHHCl}l mamemamuyeckas Mooelb Moxcem — Oblmb
UCNONL308aAHA Ol onpedeﬂenuﬂ npoHuyaemocmu 6 uHmepeanlax bes
omobopa KepHa 8 MOl Hce CKEANCUHE.

In the article is discussed prediction of the permeability from wireline
logging data by the multiple regression analysis. Resulted mathematical
model can be used for the permeability prediction in uncored intervals in
the same well.

Introduction

We are used real core and wireline logging data from the field that located in the South
Turgay basin, Kazakhstan. The field is the sandstone reservoir comprised from the sand
bodies. There are four main productive horizons. Permeability of the main oil horizons varies
from 0,031 to 2,2 pm?.
Coring operation is expensive so sometimes well some intervals remain uncored. Thus it is
needed to do the permeability prediction for the uncored well intervals for better reservoir
description, reserves estimation and etc.
We are applied statistical method known as multiple variable regression to predict the
permeability from wireline logging data and then compare it to the core-determined data that
considered to be standard. Resulted mathematical model for the cored model can be used for
the future well’s uncored interval permeability prediction.

Permeability prediction methods

There are different methods for permeability prediction from the different reservoir
petrophysical data. There are some of them wused in the most: Tixier, Timur,
Coates&Dumanoir, and Coates. Look to the Table 1. All these methods, except Coates &
Dumanoir assume certain values for cementation factor and/or saturation exponent and are
applicable to clean sand formations where conditions of residual water saturation exist.
Coates&Dumanoir have proposed an improved empirical permeability technique. With the
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support of core and log studies, they adopted a common exponent, w, for both the saturation
exponent, n, and cementation exponent, m. Coates & Dumanoir also presented a method for
testing whether the formation is at irreducible water saturation. However, they noted that if
the reservoir is heterogeneous, it may fail that test and still be irredicuble water saturation.
Their method is the first that satisfies the condition of zero permeability at zero porosity and
when Swirr=100%. Because of the corrections provided, this method can be applied to
formations that are not at irreducible water saturation and to shaley formations. Values for the
exponents m and n are not needed because they are needed because they are found as a result
of the computation.t

Table 1 — Most Used Empirical Models?

Investigator Year Equation
Tixier 1949 CORLE __ 23 AR
20 Ro(dyw— do) AD
Timur 1 _ p**
imu 968 K=0.136%7
Coates & Dumanoir 1974 K2 = c P2V
w* Rw/Rti
Coates 1981 K12 = 100 d2(1 — Syirr)
Swirr

Multiple Variable Regression

Multiple regression is an extension of the regression analysis that incorporates additional
independent variables in the predictive equation. In this study, the dependent variable is the
logarithm of permeability because permeability seems to be log-normal and the independent
variables are well log variables. Wendt and Sakurai established a general procedure for
permeability prediction by multiple variable regression. They also pointed out the
shortcomings of using this technique.!

Core data

Core determined permeability data one of the well's of the field named Well A was depth
shifted to the open-hole wireline log Gamma-Ray using the Core samples Gamma-Ray
measurements. It was not however that Gamma - Ray log was logged in micro
Roentgens/hour or ur/h units not Gamma-Ray API. This units can be converted to API
multiplying these scales by a factor of 10.2 In the Figure 1 you can see the Core Permeabilty
data before and after the correlation.
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Figure 1. Core Gamma-Ray depth shift before a) and after the depth shift c), in the middle b)
is the Gamma-Ray log from Open-hole wireline log.

Wireline logging data

From the available wireline logging data from well A of the oilfield we chose:

e Gamma-Ray data - GR
e Induction Log data - ILR
o Neutron Far measurements - NF
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for the multiple variable regression analysis for the permeability prediction .
Multiple Variable Model
We are used the Excel Data Analysis toolpack application to obtain multiple regression
equation from the core derived permeability and from the three data curves that obtained from
the wireline logging data.
Derived multiple regression equation expressed as:
k =-2905,53 - 204,24*GR + 68,19081*ILR+842,025*NF
Then we are compared core permeability and wireline log derived permeability to know

differences between them Figure 2. Numbers showed good similarity between them. That
showed reasonable use this method for the uncored interval permeability prediction.

==K from Logs

¢ ¢ Kfrom core

-1000 0 1000 2000 3000 4000
Figure 2. Comparison of the Core obtained and Log derived Permeability by the Multiple
variable regression of the Well A

Conclusion

In conclusion we can say that:

e We find the difference between data from tools has different Russian standard and has
to be related to the API standard.

e We analyzed and related the wireline logs to the core obtained permeability
e Resulted multiple variable regression model is suitable for the further application to
determine permeability in the uncored intervals of the Well A.

Nomenclature

GR - Gamma Ray Log
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IL - Induction log
NF - Neutron Far measurements
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W3MEHEHHUE ITPOAYKTUBHOCTH KPYI'OBOI'O IVIACTA B YCJIOBUAX
30HAJIBHOU HEOJJHOPOJHOCTHA

In this paper the author give formulasassessing thebehavior of productivity
factorintermsof non-uniform bedsin the presence ofhorizontal and

verticalfractures. It is found thatlamellarinhomogeneity  of
circularformationreduces the efficiencytoincreasethe productivity ofthe
reservoirinhorizontalfractureby 11%in comparisonwith
homogeneousstructure.

PaccmaTpuBaeTcs KpyroBoil miact, B IIEHTpE KOTOPOTO pacHoJiO’KeHa CKBA)KMHA.(CM.
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Pucynok 1. CxeMa pacnonoXeHus 30HbI C pa3IMYHON TPOHUIIAEMOCThIO KPYTOBOTO IJ1acTa
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