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ABSTRACT

The purpose of this work is to evaluate the
safuration profile of Zubair formation in East Baghdad
Field, from log interpretation.

The relativé.accuracy of four methods of porosity
evaluation, from three porosity lsgs (Neutron, Density and
sonic logs), was'lested againstbmeasured porosity from cores
of eighty nine chosen intervals.

The accuracy of each method was evaluated
statistically by calculating the correlation coefficient,
standard deviation error, average percentage error and
absolute average percentage error.

The crossplot technique (uéing triangle method) of
Neutron and Density logs data was found to give the best
statistical parameters, hence, it was used to c¢alculate o
optimum porosity values. |

It is concluded that the adoption of this method in
porosity determination will result in more accurate water

saturation determination particularly when using Archie’s

equation.
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NOMENCLATURRE

Symbols:

a = Formation factor coefficient.

Cu = Compressibility of the rock frame, psi-!.

Cr = Compressibility of the pore fluid, psi-!.

Che = Compressibility of the hydrocarbon fluid, psi-!.
Crp = Compressibility of the pore volume, psi-!.

Cs = Compressibility of the grain material, psi-!.
Cw = Compressibility of the water, psi-!.

F = Formation factor.

Gb = Bulk sheer modulus.

m = Cementation factor.

n = Archie exponent (saturation exponent).

P = Shale fraction of the total formation volume.
Ro £ = Mud-filtrate resistivity, Q-m.

Rt = True formation resistivity, 1-m.

Rw = Formation-water resistivity, Q-m.

Ruwa = Apparent formation-water resistivity, Q-m.

Rxo = Flushed-zone resistivity, Q-m.

Sw _ = Water saturation, fraction.

Sxo = Water saturation in the flushed zone, fraction.
\' = Formation velocity, ft/secc.

Veu = Clay volume, fraction.

Ve = Sonic vclqsity in the interstitial fluid, ft/sec.
Vaa = Sonic velocity in the rock matrix, ft/secc.

Vp = Compressional velocity, ft/sec.
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Vsh = Shale volume, fraction.

o = Shale indicator, fraction.

At = Acoustic traveltime in formation, Usec/ft.

Ate = Acoustic traveltime in fluid, Msec/ft.

Atma = Acoustic traveltime in rock matrix, HUsec/ft.

c = Poisson's ratio.

@ = Porosity,- fraction.

acalc = Average calculated porosity, fraction.

aﬁeas = Average measured porosity, fraction.

@i calec = Calculated porosity in well for ith layer,
fraction.

@i meas = Measured porosity in well for ith layer,
fraction.

Psc = Corrected porosity for shale content, fraction.

@p = Density-log apparent porosity, fraction.

PN = Neutron-log apparent'porosity, fraction.

@rsh = Negtron—log equivalent porosity of shale,
fraction.

P = Porosity derived from matrix method, fraction.

@r = Porosity derived from fluid method, fraction.

@a = Porosity derived from average method, fraction.

Pb = Bulk formation density, gm/cc.

(i3 = Density of fluid, gm/cc.

Pma - Density of rock matrix, gm/cc.

Psh = Density of shale, gm/cc.

B = Cs/Cn.
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Abbreviations:

AAP

APE

BHC

CF

CNL

FDC

GR

CGR

ILD

So

Absolute Average Percentage Error.
Average Percentage Error.

Borehole Compensated.

Correlation Coefficient.
Compensated Neutron_  Log.

Formation Density Compensated.
Gamma Ray.

Corrected Gamma Ray.

Induction Log Deep.

Standard Deviation Error.
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CHAPTER ONE
INTRODUCTION
a
| East Baghdad Field is one of the recently discovered
Iraqi oil fields, having several pay Zones. Zubair formation
is one of these =zones at ‘which we have executed this
investigation.

Lithologically, Zubair formation is composed mainly
of sandstqne with some intervals of shaly sand and shale
(particularly in the upper section).

The porosity of eighty nine intervals in the water
bearing zone of six wells (EB-55, ﬁB—SG, EB-77, EB-79,- FB-
15, and EB-18) of this field was calculated by usit'zg““the
following available logs:-

1- Sonic log, BHC.
2- Density log, FDC.

3- Neutron log, CNL.

Neutron and Density logs are used either as single
porosity indicator, using their bas;c equations, or in
combinations, using a crossplot technique (triangle method).
Hence, three porosity values are calculated from Neutron and
Density logs for each interval.

On the other hand, the time-average equation was used
to calculate porosity from the transit time of sound wave
through the formation which was taken from sonic log.

Therefore, Several comparisons can be made between porosity
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values ealeulated from asonle log and that from other logsa.
The refevence value in these comparisons is the core
porosity. This porosity was measured in the laboratory by
uasing saturation method with s oil, at depths
corrvesponding to same log intervals.

Log porosity should be corrected for shalinéﬁs. More
than one method van be used for shale volume dgtermination,
some of these methods are:
1= Corrected Gamma Ray log, CGR.

2~ Fy»-0Onx crossplot using triangle method.

After the four porosity values have been calculated
for each interval, we have used regression analysis (simple
regression) and a statistical program to compare these
values with those obtained from cores in order to get the

correlation coefficient, average percentage error, absolute

e A

average percentage error and standard deviation erroil Then
we used the porosity values obtained from the triangle-
method to formulate a modified form of Archie equation to be

l '( ﬁ"l s /

used for water saturation determination.
' The reason of using triangle method was that it shows

VA

highest correlation coefficient and lowest percentage

wa

errors. |

The modified Archie’s equation is formulated by
finding particular values for cementation factor (m) and the
formation factor coefficient (a) for Zubair formation using
Pikett method, in which, resistivity-porosity crossplots for

the same intervals have been executed.
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CHAPTER TWO

LITERATURE REVIEW

One of the main cbjectives in formation evaluation is
the determination of water saturation (Sw). Importance of
this objective comes from the essential part of saturation
determination in reserve estimation.

Water saturation is defined as the fraction of pore
space occupied by water. To determine 'Sw’, many other
petrophysical parameters should be known, either from well
logging or from other sources, such as the porosity.

The most commonly used method for Sv determination is

the Archie’s equation(1):-

n FRw
Sw-_- _______ LR R R R A R A A R R N N R R R R R 2-1
Re
Where:
Re =

True formation resistivity, Q-m,

F Formation resistivity factor,

Rvw = Formation-water resistivity, 0-m, and

n = Saturation exponent,

This equation is directly applicable to the case of
clean formation with homogeneous intergranular porosity,
where it is found to give good results. It is also used for

determination of 'Sw’' in flushed zone, as follows,
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zone,

Sxo 0 cccaaa Y Y E RN
Ry o
Wheve:!
Sxe = Water saturation in the flushed
Rie = Resistivity of flushed zone, f-m, and
Ret = Mud-Tiltrate resistivity, 0-m.

The formation resistivity factor (F) is defined by

a

gn

1

L I L N

Therefore Eq.(2-1) can be written as:

n a Rw
SN= ------- "o . Pe e e
@* Ru
Formation resistivity factor,

is a function of porosity,

formation factor coefficient (a). The

was found to be a function of formation lithology,

. ] L
have essential effect on Sw

found that general values of m = n =

to give reasonable results.

Determination of porosity is

accurate determination of saturation

Archie's equation. The

can be obtained [from. direcl

formation waler sample, or,

cementation

determination.

a
[

resistivity of formation
laboratory

alternatively,

R R R R I I I I T R L L 2"3
. " EEEE R .. 2—1‘
as seen from Eq.(2-3)

facgor (m) and

cementation factor (m)
and to

It was also

and a 1 can be used

a vital step for the
y as.can be seen from
water (Rw)
of

measuremnent

can be estimated
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from well logs. Many methods were suggested for the
determination of 'Rv'(2), which can serve as quick methods
for Sw determination. Among these are

1- Pickett method

2- Hangle method

3- Ro/Rt, ratio method.

- Pickett Method(3):- In this-method. formation resistivity
readings are to be cross-plotted against porosity on
logarithmic co-ordinates. The lowermost points in this
pPlot represent the water line (Ro line), and the intercept
of this line with the @-axis (at ¢=100%) can be used to
calculate ‘Ru’.

This method can be considered as a quick graphical
solution for the determination of water saturation.

- Hingle Method(2): In this method, across-plot is
constructed of (log 1//Rt) against one porosity log
reading. Formation density (P»), sonic transit time (&t),
and formation factor can be used in this semi-logarithmic
cross-plot. As in pickett method, line is drawn through
the lowest resistivity points, that represent the water
zone, and ‘'Rvw’' value can bé calculated from the slop of
this line. This plot can also be used for direct graphical
determination of ‘Sw’.

- Ratio Method(%):- In this method, resistivity readings of
two zones around the well  Dbore are taken into
consideration, The first zone is the invaded zone next to

the well bore, which is affected by mud filtrate. The

Sudllieu witll udl113Cq



second is the uninvaded zone, which corresponds to the
original conditions in the formation.

The ratio of the flushed zone resistivity to the unflushed
zone resistivity can be shown to have the following form,

according to Archie's equation:-

Rag 2 e
R‘-QI’Rt = —==== (S‘-‘/SIO) s s m e s B E T e B a=9
R.
When the following enpirical relationship is
substituted:-
175
SI°=S\‘ m " ® & % & B 5 B B W S B S B ST N A BT E L SR LA o .1—6
Solving the equation for ‘Su’:
Rxo /Rt 575
SU=( ———————— ) ® & % 8 8 B B W N E B S SN A S S L L S e N ...—7
Raf/Rv.'

When ‘Re’ is known, water saturation can be determined

directly fromo Eq.(2-7).

Another method that can be used for ‘Rv' and 'S.°

determination, is the apparent water resistivity method(3)

Thiz method employs the determination of minimum ‘Rwa’ bv
using the following equation (in assuming that Sw.=1)
Rt

Rn.'a = ==—=

F

L T R - 2_8

When several intervals of water bearing zone have the

same values of (Rwa)ain, there is a fair anount of SRR
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that this value corresponds to 'Rw’. Therefore, when ‘Rw’ is
known from this method, tg,’ can be calculated by

substituting Eq.(2-7) in Eq.(2-1)

O I B RN U B 2—9

A1l the above mentioned methods are based on Archie’s
cquation, and are mostly valid for clean formation.

Determination of porosity from logs has been
discussed by neumerous numbers of articles. In this section,
an attempt will be made to summarise some of the essential

articles dealing with sonic and radiocactive logs as porosity

indicators.

2-1 Sonic log:

The principle of sonic logging tool is based on the
propagation of elastic vibrations in the formation. Sonic
logging is a recording of the transit time of sound wave as
it travels through one foot in the formation, 1i.e. is a
mcasure of sonic veloqity in the formation.

Since the mid-1950's, the sonic log has become one cf
the most commonly used methods for porosity determination in
oil and gas reservoirs(8),

Although the sonic log can be run in both compacted
and uncompacted formations, its record in the later case
neceds Lo be corrected. The correction procedure was

suggested by Tixier el alf7).
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They alsoc found that the gonic reading ghould be
corrected for shaliness and fluid content.

Besides porosity determination, gonic logs can be
used for fracture location, geological correlation, and with
neutron and/or density logs, 'for identification of
lithology. Similar to most other logging measurements, the
sonic log reading is not a direct porosity value, but rather
the time required by the sound wave to travel between two
points through the formation, i.e., sonic velocity in the
formation. These measured (8t's) or velocities must then be
transformed into porosity. The transformation procedure is
affected by many factors, among which aref(8?:-

- Degree of shaliness.

- Effective stress.

- Type and pressure of pore fluid.
- Matrix materials.

- Degree and nature of cementation.

- Temperature.

The transformation of sonic reading into porosity had
been discussed by many authdrs, as follows:-

wyllie et al. (1956, 1958)(9.:10) have developed an
average velocity equation as a conclusion of substantial
Laboratory work to describe velocities measured on a pile of
Jucite-aluminum discs. This ecquation was used to calculate

the porosity of fluid filled pores:-
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1 Y 1-¢
mm- T emmeme ) memama- PN R RN BN B R 2"10
\Y Vi Vana
Where:
\Y = Formation velocity, ft/sec,

@ = Fractional porosity,

Vi = Sonic velocity in the interstitial .fluid,
ft/sec, and

Vaa = Sonic velocity in the material constituting the

matrix of the rock, ft/sec.

In terms of transit time (At), and for porosity

determination, the time average equation can be written as:-
¢= _____________________ e s s 8 s s 6P s e e esE s 2"11

Where At, Atma and Atsf are the respective transit times of
the sound energy expressed in Usec/ft.

Wyllie et al.(?) compared the velocities from
equation with actual velocities obtained from cores
measurements at atmosphéric pressure. They repeated the
comparison in 1958 under different pressﬁres to simuiate in
situ conditions(10),

They reported that "whereas all the experimental data
show a considerable degree of dependence of velocity upon
porosity, there is also a considerable scatter of data which

must represent the influence of other factors such as the

matrix material, grain size, distribution and shape of-

5 Y < o~
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cementation, type of 1liquid in pores, pressure and
temperature"”.

It can be noticed Lhat the time average equation is
the simplest model, and the mostly used equation in
determination of formation porosity since it was developed
ﬁy wyllie et al. (1956). This is because of its simplicity
and intuiéively-reasonable appearance as compared with other
theoretical equations.

Millican(11) (1960) has developed a method of 1log
interpretation in the Delaware sand, in which the effects of
shale content can be recognized and used for correction of
porosity calculation.

He stated that "the shale content may be considered
as an additive to the sand matrix, and as such may be
included as part of the matrix in any proposed relation
between sonic velocity and porosity".

Therefore, he added the shale as a second matrix

material to Wyllie equation:

e = mme——  f mm——— $+ ——————- R R R 2-12

Where, P is the shale fraction of the total volume. In terms
of 8t's and for porosity calculation, the equation may be

formed as:

Scdlilnied Wit udinSCe
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1L =eema obvious that the second term of Eq.(2-13) is
a correction term for the presence of shale within the sand,

i.e., it represents a porosity reduction term.

With presence of Sonic and Gamma Ray logs, he

presented Eq.(2-12) on a graphical chart to determine the

porosity for both clean and shaly sand, as shown in

Fig.(2-1).
Geertsma(12) (1961) showed that the effect of

porosity on formation velocity can be accounted for, through
the compressibilities:-
2
2 B 4 - (1-B) 1
Vp = [ =--- 4 === Gb + ———===—=—-—--====—=- ] ----
Cs "3 (1-¢-B) Cs + @ Ce¢ Pb
' 2-11

Where, Vp is the compressional velocity (ft/sec), Ppr 1is the ;
bulk density (gm/cc), Cs and Cf the compressibilities

(psi-!) of the matrix grain material and the pore fluid,

respectively.

The bulk shear modulus (Gb) is defined as:

2 Co (14c)

Poisson's ratio of the empty rock frame is ‘¢’ and B is
Cs /Cu, where 'Cb’ is the compressibility of the rock framec,

which is defined as:

Ch'—'ﬂCpi'C.-; ---------- I N ) T R T :.."16
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where, 'Cp' is the compressibility of the pore volume. The

prore fluid compressibility is defined as:
C(‘=Sw CU+(1_SH)C}1C R R R I R R R R R R I 2"17

where, Che is the compressibility of the hydrocarbon fluid
and Cv is the compressibility of the water. -

Use of Eq.(2-14) to.predict porosity is obviously far
less attractive than empirical correlations due to the
number of parameters and the involved calculations.

Kokesh et al.(1!3) (1965) have suggested a completely
new logging system, which is the borehole compensated sonic
system, in which the crrors caused by irregular borehole
diameter have been overcome.

Meese(14) (1974) have used a statistical approach to
derive reclationships betﬁeen transit time (At) and porosi£y
for reservoir rock which has either linear or logarithmic
statistical properties.

- lle stated that "If the rock properties are
distributed (statistically) in a linear fashion, the well-

known time-average equation is derived":-
&t = Bte @ + Btua (1-0) e 2-1.8

And if the properties (particularly transit times)
arc distributed statistically in a logarithmic fashion, an
analogous logarithmic-time-average equation is derived:-

1-g g
At = (At.mu) . (Atf) ......... R e

ra

-19
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He compared the logarithmic time average equation and
the usual (linear) time average equation with laboratory
data for certain cnrb;nates. as. shown in Fig.(2-2). He
concluded that, there is a very good agreement between the
logarithmic equation and laboratory data.

Problems rising when using the time average eguation,
particularly when it fails to predict the porosities in high
formation porosity ranges (over 25%), have urged Raymer Etr
al.(15) (1980) to propose a new empirical model to transform
the transit times to porosities over the entire pheoretical
porosity range, from 0.0 to 106%, as shown in Fig.(2-3).
This figure shows a compariébn Betwéen' their proposed
transform and time average equation for Vaa = 1800-ft/sec
and Vaa = 19,500 ft/sec.

One drawback of their suggested transform is that
they could nﬁt find a single _algorithm or equation for
translating the transit times to porosities over the entire
porosity ranges (0-100%). For that-reason, they divided the
entire range into segments, as follows:-

a- For the range of porosity from 0% to 37%, they proposed

the following equation:-

‘-”1 = ) m———— (l—g) Vlﬂ L I L B O B R O I I R I R TS T T A 2-‘20

where, P is the bulk density of the mixture and Pua is the
matrix density. This equation was suggested to be used in

porosity determination for zones saturated with water.
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However, if the zones are saturated with other fluid, the

following equation was proposed:-

2
\r]‘:(l_g) vl&+¢"’f L] e 8 8 8 8 8 8 B B s e e e oo 2_21

6
where, Ati1 = 10 /V1

b- For the range of porosity from 47% to 100%, the proposed

equation is:-

2 2

c- For 37% to 47% porosity range, the proposed equation is:-

0.47 - @ g - 0.37
At = —mm—m—————— Aty + —————————=- Atz haw e s 2-23
0.1 0.1
or
0.47 - @ g - 0.37
At = _e————————— Atl + ““““““““““ Atf . . . » 2_24
0.1 0.1

2-2 Radioactive logs

Neutron, Density and Gamma Rays logs are the most
widely used radioactive logs in the field of formation
evaluation, particularly for porosity and shale volume
determination. The first logging operation using radiation

of nuclear origin was performed in the begining of 1940’s to

—— ST WIT CalTSCs



vecond the natupral pamma radiation emitted by the formation
cronsed by bore holea(?), The gamma radiation has Dbeen
widely uned in well logging bocnuse of fts high penetration
powver to inveatigate through the formation and the casing.

Other purposes of vadioactive logs in addition to
porosity and eclay volume determination are the lithology
determination, gas  bearing sones detection, formation
density, ... ete.

Neutron logging device emits neutrons that responds
to the hydrogen content in the formation, which includes
hydrogen of liquid present in pore space, matrix and in clay
lattice (if the formation contains clay).

Density logging device measures the bulk density
(matrix and fluid densities) by emitting Gamma Ray into the
formation. The Gamma Ray logging device measures the natural
radioactivity of the formation.

Since the most of radioactive minerals exist in
shales and clays, the Gamma Ray log considered to be the

most widely used log as a shale or clay indicator.

2-2-1 Evaluation_of porosity

The neutron and density logs have been in use for
many yecars as porosity indicators. They can be used as
single indicators, combined to each other in crossplot
techniques, or combined to other logs (such as sonic), for

better evaluation of porosity. =
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The Density log measures the bulk formation density,
therefore, porosity derived from this log will repregent the
total formation porosity(16),

Neutron log responds to the hydrogen content of the
formation. Hydrogen ions exist “mainly in the pore filling
fluids, but they can be also found in the matrix and in
clays (in the cases of shaiy formation). When this is the
case, the neutron porosity needs to be corrected for
hydrogen content of matrix and shale.

The effective porosity can be estimated by crossplot
technique of density-neutron data, and it was noticed that
calculated effective porosity by this technique provides the
most meaningful measurement of in-situ porosity(17).. Various
methods have been proposed by many authors that deal with
these two radioactive logs as porosity indicating devices.

An approach of porosity determination for thin beds
from Neutron logs has been proposed by Edwards and-
Simpson(18) (1955). Actually they developed an equation to
correct the deflections of Neutron logs in thin beds. They
also introduced the scintillometer into the field of
radioactivity logging to make it possible to determine bed
thickness accurately.

Wahl et al.(19) (1964) proposed a new density logging
tool in which the effects of the mud cake and hole
irregularities could be overcome. This tool was called the

compensated formation density tool, FDC.
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They concluded that the tool glves good measurements
for more accurate densities without needing mud cake and
borehole irregularities corrections, hence, more accurate

porosities will be obtained by applying the following

cquation: -

Ph::an (l-c) " Pf(g) N R R S S 2-25
Where:
Pb = Formation bulk density, gm/cc,
P¢ = TFluid density, gm/cc, and
Pua = Matrix density, gm/cc.

Neutron-Density crossplot has been proposed by
Schlumberger company(20) (1968) for Dbetter porosity
evaluation. The method was called 'The Dual Mineral Method’.
It accounts for the presence of mere than one mineral in the
formation matrix. Both '@y’ and ‘Pb’' are plotted on a
specially designed chart, see Tig.(2-4). Each line
represents one mineral. The points so cross-plotted on the
chart can be used for direct porosity and 1lithology
determination.

Poupon et al.(2!)  (1971) proposed a new method
(complex lithology method), which is more general than the
Duel Mineral Method because it takes into account the
effccts of the shaliness and hydrocarbon on the porosity and
lithology determination. The method was used in a computer

program called CORIDAND, which facilitates the numerous

otldlilieu witlli udlll
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amount of cross-plotting and other correction techniques

that required specially when dealing with complex lithology.

A comparison has been made between the compnnnntnd

weutron log, CNL, (which overcomes the mud cake and bore

hole irregularities effects) and the epithermal Neutron

tools by Truman et al.(22) (1972). They concluded that the

determined shale content and porosity by the CNL-density

crossplot are more accurate than those determined by

previous Neutron (such as SNP)-Density crossplot by

computations.

A program for hand-held calculators have Dbeen

developed by Ching and Krug(?d) (1978) for crossplot

analysis in which the FDC-CNL-GR' and deep investigation
resistivity logs can be used. This program can be considered

as a quick method to determine effective porosity, shale

content and water saturation.

Ching and Kfudwingf243 (1980) have modified the
proposed quick method of density-Neutron crossplot analysis
(using hand-held calculators) by WU and Krug(23) (1978), by
means of using polar coordinates that made the program more
compact, efficient and more quicker in determination of
shale content, porosity and water saturation.

Swulius(25) (1986) suggested a new technique to
transform Neutron log deflections into accurate Neutron
porosity log. In that method, he used computers to analyze
and rescale the Neutron loyg deflections to a more accurate

porosity log. Then an equation was derived in which the

19
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corresponding porosities to the neutron log deflections can

be obtained.

2-2-2 Evaluation of clay volume

Many logs can be used as shale or clay indicators,
the most common are SP, Neutron, Density and Ganma Ray logs.
The clay volume can be calculated by single lcg or by
a combination of two or more logs. The following is a review
of the most interesting researches dealing with radioactive
logs as a shale or clay indicators:- |

Poupon and Gaymard(26) (1970) discussed the
evaluation of clay logs as clay indicators. They stated that
"each clay indicator is calibrated in such a way that it
gives either a good approximation of the volume of clay when
the conditions are favorable for that particular indicator,
or an upper limit of the clay volume".

They used, in addition to the resistivity, SP and
sonic logs, the radioactivity logs as clay indicators that
include Gamma Ray log as a single clay indicator and Neutron
log as either a single clay indicator or combined clay
indicatcr with Density lecZ.

-~

It has been reported that when there is nore than ornc
lithology within the formations (such as limestone and sand
stone), the use of one (VCL = 0 line) in cross-plotting of

neutron-density data is not favorable. |Ilowever, it's

preferable to divide the formation into intervals, taking

¥
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the lithology into account, and to define for each interval
the appropriate VCL = 0 line.

Heslop(27) (1974) proposed a new method to calculate
the clay volume using Gamma Ray log. His method included a
new technique to estimate the shale and sand lines by using
Gamma Ray-Density crossplot and Neutron-Density crossplot.
e had also calculated the clay volume by using the X-Ray
diffraction for 357 feet of examined samples. He found that
there was a linear relationship between the determined clay
volumes by x-ray diffraction and those determined by Gamma
Ray response for the same interval. Therefore, Heslop stated
that "the Gamma-ray response tc clay content of elastic
rocks is linear".

A new logging tool has been suggested by Serra et
al.(28%) in 1980's (Natural Gamma ray spectroscopy, NGS),
whose reading can be analysed to determine the nature and
qualities of the radiocactive materials, and considered to be
an improved shale indicator. This tool has résponded to the
existence of thorium, uranium and potassium within the
formation, and by applying the following equations, the
percentage volumes of these radioactive minerals within

shale can be found:-

Th - Thain
(‘!S]])Th: ______________ LI T T I S R S R I S T U R S B ]
Thsh - Thmin

4%
1
[S]
[o7]
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—

(Van o 2 ccccammano_ e s i b Ak E% 0 e i e 2-27
Ush - Uatin
K - Knin

(Vah )x = —-eosmmaaac e, 2-28
Ksh = Knin

Upon the determination of U, Th, and K by application
of the wecighted least squares solution, the total gamma ray

response can then be found by linear combination:-

GR = ATh +# BU + CK ' 2_09

Where A,B,C are coefficients obtained from a special test
procedure of the log tool.

and this shale indicator defined as follows:-

GR - GRain
(Vsh)cg= —————————————— * e s 4 s E e R EEREEEEEE 2"‘30

They stated that "the uranium is associated with
radioactive minerals other than those found in shale, so it
is generally not a reliable shale indicator".

Because of that, they have eliminated the uraniua

contribution from the total gamma ray response:-
GR5=.5|.Th+CK ...... L T T T T o 231

Where GR: is the uranium free gamma ray response, and this

shale indicator is defined as follows:-

—SCaTmTeT WItT Cdain1SC:



(Vah)ows = meeeme o _. , 2-3%

P R R R I T I I R I

Thus, they concluded that @R, log is a better shale
indicator than GR log.

Quirein, et al.(29) (198]) suggested a new approach
in which the clay volumes and associated clay bound water
volumes from lecg data can be determined. The regression
techniques for log data and core data used in this approach

to provide first-order estimates of how each logging tocl

responds to expected clay or minerals types.

. { ‘ )
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CHAPTER THREE
DETERMINATION OF POROSITY
BY
LABORATORY MEASUREMENTS

AND SONIC LOG

In order to have accurate correlation between the
core analysis and the well legs interpretation, all porosity
values that can be measured from the cores and enable us to
compare it with the well logs were measured. This part
includes the description of the apparatus used and the
expcrimental procedure. Calibrations fcr each apparatus, if

needed, were done before beginning of the runs.

3-1-1 Preparing and cleaning the core samples:-

Eighty Nince plugs were cut from the cored section of
6 wells of the Zubair formation-East Baghdad o0il field. The
cutting were both in vertical and horizontal directions,
usinz one diameter of core drill {1 :inch) and water a3z a
ccolant.

The core samples that were used for porosity by
mercury injection measurements, were cleaned in soxhlet
extractor, (sce Fig.3-1) by refluxing them with a mixture of
equal volume of pure benzene (Celle), tolucne (CrHs) and

methanol (ClaOll), until no change in the colour of the

)
|
{

|

y
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mixture occures. After the samples had been dricd in the

oven, they were ready for Lesting.

3-1-2 Mcasurcment of porosity:-

The porosity values, as shown in Table (A-1), of the
zix wells had been measured by using core samples of 1 inch
liameter and (!-1.3) inch long by zaturation method using
;a5 il with density=0.22 gm/cc as a saturation ligquid.

.~

Figure 3-2 shows the schematic diagram of saturation

apparatus.

2-2 Statistical Analysis

A correction factor of a value of 0.95 is used as an
averagze correction tor the whole porosity values that
zscasured experimentally in order to use these values as
reference in evaluating the porosity values that calculated
from logs.

We have used statistical analysis between the two
variables, the measured porosity from core and the
calculated porosity from sonic log, in which the following
covrrolation parameters are calculated:-

1- Average percentage error, APE.

2- Absolute average percentage error, AAPEL,

3- Standard deviation error, SD.

The average percentage error was the most
investigating used parameter in comparing the performance of

Various corrclation combination, APE, defined as;-

Scdilieu witll udliScq
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(APE)i % ~—cacccrcccnessume= * 100 s 2O e BE e s B0
Fi meas
Where .
@icalce = calculated porosity in well for ith sandstone
layer,
Pimeas = measured porosity in well for ith sandstone

layer.

The definition of each of these parameters is as

follows:-
n (APE)i -
APE= z ________ ll'll‘lll.'lll-.llD-!.l'-'.l-' 3_2
i=1 n
n | (APE):il )
AAPE: z __________ R EE R IR A R I “ e s 80 3';'3
i=1 n -
n 2
SD = z [(APE)i - APE] / (n-l) T R I R B S Y ) 3-4
i=1
(Where n is the number of data points). These parameters are

represénted graphically in Fig.(q—s),
It should be noted that the magnitude of the average

percentage error, APE, will be apparently small when

negative errors cancel positive errors. The absolute average
percentage errors overcone this cancelling effect by
transforming all negative errors to equal magnitude positive

errors. Thercfore, this parameter is always greater than

_ 1.
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zero, and it equals zero if -and only if- the error for all
cases in the sample is gerofd0),

The standard deviation is a measure of the scattering
of errors about the average percentage error.

For completeness, regression analysis (simple linear
regression) of calculated porosity from cores was performed
in order to calculate their correlation coefficient.

The correlation coefficient is defined as:-

‘;lfgi.calc - acalc) (@i, meas - amcuS)

CFP = ————m e s e mmm— ==
n — 2 n _ 2
= (gi.calc - gcnlc) L \Fi,meas - ¢meas)
i1=1 i=1
. 3-5
Where:
Ecalc = average calculated porosity
n
= szJCAIC/n I I I O L I I O I O I B ) 3_6
z1
a;eas = average measured porosity
n
= Egi,HGAS/n lllll‘llllnl-...'.....‘..'.-3_“-

i=1

The correlation coefficient measures the accuracy of
the linear relationship between the calculated and measured
porosity data. In a linear regression, line of a correlation

coefficient of (+#1.0) indicates that all data points lie

oldlilnieu witi udll
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oxactly on the line; conversely a correlation coefficient of
(0.0) indicates that no linear relationship exists between
the regressed variables(30), The computer program used in
these calculations is given in appendix 'A’.

]

3-3 Determination of porosity by sonic_log

The basic model was used for porosity calculation
from sonic log is the time average equation, which is the

classical method. This model is discussed below.

3-3-1 Time average equation

The first transformation of the measured sonic
transit time into quantitative evaluation of porosity was
developed by Wyllie et al.(9) (1956). Since then, this
adopted to transform acoustic velocity or

equation was

transit time to porosity particularly for compact clean

sandstone formations(§).

Equation (2-10) is the time average equation defined

in terms of velocities.

This equation could be also defined in terms of

transit times,

At=¢Atf+(1-—¢) Atna e ¢ s 8 82 e 8 1 8 e 0 8 s B e a8t 3_‘8

Where At, Btsa and BAte are the respective transit times of

the sound energy expressed in Usec/fL.
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The use of equation (3-8) requires knowledge of matrix and
fluid transit times.

In the case of the water bearing zone of Zubair Sand,
Ataa=51.3 Husec/ft (compacted sandstone) and Atg=189 dsec/ft
(water filled pores) were used (see Table 3-1)(34:.7). These
values were adoptéd considering clean sandstone in the
intervals selected. This equation is derived to describe the
transit time of sound wave through the matrix and pore
fluids. Hence, in the existence of any shale within the
rock, the derived porosity from the equation must be
corrected for the shale content by using the following
empirical equation developed by Texier et al.(7) (1959),

which was widelv accepted in sonic log interpretation:-

1
gsczgs* ————— e 8 8 8 8 B 8 0 8 B B B W G S U S E S e 3-9
2-0
Where:
@sc = Corrected porosity for shale content,
@s = Derived porosity from Wyllie equation, and
o = Shale indicator (& = 1-Vsh).
This correction was’ applied on all 1log intervals
selected, after the porosity values of those intervals have

been calculated using the time average equation. A graphical
representation of these values versus those derived from
cores at corresponding depths is shown in Fig.(3-4), in
whicg the following correlation parameters (using the

statistical and regression program) were calculated.
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e kT - - - - am - -
- —— - -

12,511 11.576 -11,555 0.922

It is obvious from these high percentages errors,
that time average equation gives unsatisfactory results when
it is used for porosity determination of Zubair formation-
Cast Baghdad oil field.

Comparison plots have been also prepared in Figs.
(1-26c) through (4-31c), in which, the calculated porosity
values using Wyllie equation and those measured from cores
arc plotted versus depths.

It is 1indicated, through these figures, that an
obvious distinctipn between the porosity values mneasured
from core samplgs and those calculated from sonic log (using

time average equation) is occured.
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Table (3-1)

-
-

Values of sonic velocity and transit time for

common rock matrix, materials and casing.

e - - @ - . - - ——
- Ll e e e il

el el T T NI — R e

55.5-51.3
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Air (atm. pressure)
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CHAPTER FOUR
DETERMINATION OF POROSITY
BY

RADIOACTIVE LOGS

. In this chapter, the available radioactivity logs
(Neutron; Density & Gamma Ray) will be used for calculating
porosity. Since shale affects every logging measurements,
porosity values calculated from these logs need to be
corrected for shaliness.

Radioactive 1logs will be wused, in addition to

porosity determination in a given interval, as shale

indicators for that interval, as described below.

4-1 Determination of shale volume

The shale volume (Vsh) for each chosen interval was
determined by using Gamma Ray, Neutron and Density logs.

Gamma Ray log was used as a single shale indicator,
by the following basic relationship:-

GR - GRmin )
Vsh= ——————————————— LI R I I I N L B T T T R R R R 4_1

Where: .
GRain = Radioactivity reading in clean formations,
GRwax = Radioactivity reading in shale formations, and
GR = Radioactivity reading from log.

36
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Neutron and Density logs were used in combinations
through crossplot techniques.

In fact, two types of Gamma Ray curves are available,
the first is the standard (total) Gamma Ray curve (SGR), in
which the reading represents a linear combination of
Potassium, Thorium and Uranium amounts, as defined by the

following equationf(28):-

s
|
n

SGR = ATh + BU + CK B R R I R R R

Where A,B,C are coefficients obtained from a special

test procedure of the log tool.

The second type is the corrected Gamma Ray curve,
CGR, in which, a Uranium free measurement is recorded. It is
simply a linear combination of Gamma Rays from thorium and

potassium only, as defined by the following equqtion:—

CGRzATh+CK @ # 4 & 5 B 8 B B S W 4 8B L BT PR TE LRy 4—3

Because of the existence of Uranium in association
with radioactive minerals other than those féund in shale,
such as organic materials, the corrected Gamma Rary log is
Lelieved to be a better shale indicatcr, and was used for
Jdetermining shale volume Ffor cach interval by using
Eq.(4-1), however, the 'CGR’ log was not available in all
the wells investigated, therefore, the data of ‘SGR’ log
taken for sand bodies in wells where 'CGR' log is recorded

(E3-53, EB-5G, EB-77, EB-79), at depths of those missing

'cap' los in Wells (EB-18, EB-15) are used in Lhe regression

Scdariea wridar odit
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program to give a linear relationships that can be used to
determine CGR values from SGR log data, as shown in Figi'
(4-1) through (4-8), in which, a straight line equation and
correlation coefficient for each sand body of missing ‘CGR’
log wells are determined.

"CGR' and ‘SGR' logs data are replotted together, as
shown in Fig.(4-9) to give a single general equation of its
representative line, which can be applied to each interval
of Zubair formation.

As it was mentioned earlier, the Neutron and Density
logs are used in combinations through the technique of cross |
plot to determine shale volume. In -this technique the
riangle method(31). vwas used.

The use of more than one shale indicator is

as the calculated shale volume from any one

recommended,

method can often be overestimated(28). Therefore, the lowest

calculated value of the three methods was used in  the

correction of porosity derived from logs.

4-2 Determination of porosity

Neutron and density logs were used as single

indicators and in combinations to determine porosity value

for each chosen interval, as described below:-

4-2-1 Single porosity indicator

Through the recorded densities, the density log was

used as a single porosity indicator to determine the
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porosity for intervals with no shale content using the

following basic equation(32):-

Pm:\ —Pb
¢D= —————————— t s s s s e s s e s e et e s e e s s s s 4'—4
Pma"Pf
Where:
FL = Formation bulk density, gm/cc,

Pma= Matrix density, gm/cc, and

Pi = Fluid density, gm/cc.

For intervals containing shale, the following

equation was used(33):-
Pb = @p Pt + (Vsh) Pan + (1-@p-Vsnh) Pma ceeenss 4-3

Where,

Psh is density reading in shale section, gm/cc.

In the use of the previous equation, we have to
select matrix and fluid densities. According to our case
(water saturated sand stone intervals), 2.65 gm/cc can be
adopted as matrix density and 1.0 gm/cc as pore-filling
fluid density, as shown in Table (4-1), in which, densities

from density log and actual densities of most common

materials encountered in formations are tabulatedf34),

AL
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Table (4-1)
Actual density and 'FDC’ derived porosity
for different materials commonly

encountecred in borecholes.

B e e .
- —— - — - -
-, —— o ———— i —— .

Formula Actual FDC
.............................. - A

Quartaz Si02 2.654 2.648
) Calcite —“6;56; ---------- é-’;;(_) _________ .';—’_II(; ------
Dolomite _(“:;(;63—;1;(—3\] —————— 5_5'_{6 --------- é—é’_fé ______
" Anhydrite CasGs 2.960 2,017
Csylvite kv yesr 1863
THalite Nacl 2.165 2.002
" Gypsam . Cas0i2Hz0 2.300 2.351
" Fresh water | m:0 1.000 1.000
Tsalt water 200,000 ppm  1.146 1.15
o1 n (CH) 0.850 0.85
gas Cioi Mz P 1.325P;-0.188

P e e —————,————————— = S S ——— S-S oSS S
————————— o ——— -_— = =

Neutron log was also used as a single shale indicator
for porosity determination.

The porosity value of each chosen interval was
calculated from neutron log by directly reading its
response. To use this value of porosity for comparison with
that calculated from other logs, it should be corrected for

shale content by using the following basic equation:-

gﬂ(::gﬂ + QNSII-V'JI] TR IR L L L R B B I BT I I I N I 4_6
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Where:

@xsh Measured porosity from Neutron log in the shale

section, and

Vsh

Shale volume, %.

4-2-2 Two-curves porosity indicator

Through this phase of work, neutron and density data
were used to determine porosity employing the crossplot
technique.

In this technique the triangle method was used, in
which, the derived porosity values (@x) from neutron log
wepé plotted versus the derived density values at the same
depths, for each well, as shown in Figs.(4-10) through
(4-15). |

According to the two manners of using the Neutron and
Density logs in porosity determination, there will be three
porosity values obtained for each chosen interval. -

fhese three values were plotted °~ versus the
corresponding core porosity as shown in Figs.(4-16) through
(4-18), in which, correlation coefficient, standard
deviation error, average percentage error and absolute
average percentage error fof cach of them were caiculated,
as shown in Table (4-2).

The calculated results of log porosities obtained by
the three approaches are compared with the corresponding

core porosity as shown in Figs.(4-19) through (4-24), for

the six wells:

SQcedlilieu willl L;'dlllDCE




- TFigures 26a o

Jla  for porosity wvalues derived from
Neutron log.

- Figures 2?2
6b to 31b for porosity value determined by

(Pn-Fv ) crossplot (using triangle method)

- Figur
gures 26d to 314 for porosity values derived from

density log.

Table (4-2)
Correlation parameters for Neutron and
Density logs as single indicators

and in combinations

—— —— i ——————————— - ——
S - ——————— — —— ————————— A ———— —

Method APE AAPE SD CF
Neutron log 1.699 4.870 6.853 0.906
Density log 1.262 5.048 7.4931 0.883
@n-Pb crossplot 2.276 4,591 6.244 0.923
(using triangle

method)
@gn-Pb crossplot 13.096 13.096 14.739 0.884
(using published

chart)

B e o o ———— o ——— — ———— —————————————
————————— ——

Through its lowest percentage errors and highggt
correlation coefficient, as seen from Table (4-2), the @x-Pu
crossplot (using triangle method) is the best method that
can be used for more accurate determination of porosity than

other methods for Zubair formation-East Baghdad oil field.
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CHAPTER FIVE
DETERMINATION OF WATER

SATURATION

In the previous chapters, porosity was calculated by
several methods, $0. as to select the best porosity value, to
Le used for saturation determination, due to its significant
cffect on "Sw' calculation. The methods discussed are:-

1- Neutron log as a single porosity indicator,
2- Density log as a single porosity indicator,
3- Neutron-Density crossplot, using triangle method,

4- Sonic log, using the time average equation.

Core porosities were also measured, and. used as
reference values.

We have noticed through the comparisons made between
the porosities derived from those methods and core
porosities, Neutron log and the cross}lot techniquer(using
triangle method) yield favorable correlation parameters,
when compared with other used methods.

Through the ‘application of the trian%le method in
porositg calculation, it was rfound to Z2ive the highest
correlation coefficient and lowest percentage errors.,
Therefore, triangle method was adopted to obtain porosity to

be used in determination of water saturation by Archie’s

€quation.
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These calculated porosity values were also uged in a

cressplot technique (Pickett Method)(3), where they are

plotted versus calculated resistivity values at the same

depths in order to get specific values of the cementation
factor (m) and the formation coefficient factor (a) of the
Zubair formation, as explained below. )

5-1 Determination of m and a

The generally accepted values of cementation facter
(m) and formation coefficient factor (a) are 2.0 and 1.0,
respectively,

These values were used extensively in references as
typical values of these parameters. However, it was found by
many authors that the values of those parameters ma§ éary
between formations, that will gave appreciable effect on the
saturation determination from log analysis, by such methods

as Archie’s:-

n a Rw
S = =—————- R ---......,....._‘_'_..5_1

@™ R
It was also found that ‘m’ has more effect ¢n
saturation calculation than that of 'a', as shown in Fig.

(5-1)(35), Hence, 'm’ 1is considered as being the most

interested parameter to be calculated through the use of

¥

Pickett method.

The theoretical basis of Pikett method can be casily

derived from the logarithmic expansion of Archie’s equation,

fas}



rel®ing on the olassleal valuo of n= 2 , as follows,

l()}{“l = ""\‘ OHQ 3 ]‘OHHRH - 21.0”“\! R R R R 5-2

The method mentloned above asuggests to solve
graphically the values of water reslstivity (Rv) and water
saturation (Sw). The graphlcal determlnation of saturation
will not be considered here.

For 'Rv' determinatlon, it can be noticed from the
above equation that when Sw= 100% (In the water bearing
Zonc), a linear relationship exists between resistivity and

porosity:
logRl =-Iulogg"'lognni R E R R R R B 5—3

The line represented by this equation should pass
through the lowest resistivity points of the plot of log Rt
versus logd.

In our application, as only water bearing Zones were
sclected for porosity determination, this line represents
the best fit line through all the points.

The slope of this line is numerically equal to ‘m',
as seen from the above equation. The intercept of the line

at @= 100%, is related to 'Rv' and 'a' by
log (intcrcept) = log(aRw) niiv ek ie sisnpines e Dl

Therefore, in our case, Pickett method was used to

a for Zubair

. . . t ]
determine specific values of m and
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formation, knowing that the value of ‘Rv' is 0.018 0-m, as
calculated from the available 'Rwva’ log and laboratory
measurements.

The method was used to determine 'm' and ‘a’ values
of each individual well, as shown in Figs.(5-2) through
(5-7), in which, ‘m’ represents the slope of best fitting
line (Ro line) and 'a’ is calculated from its intercept at
@ = 100% using Eq.(5-4).

To calculate a more accurate water saturation for any
interval of Zubair formation and for finding a modified and
particular form of Archie’s equation for this formation,
Pickett method was applied for the whole data from all
wells, as shown in Fig.(5—é), in which, the value of m=
1.917 and a= 0.583 was calculated. By substituting these
values in Eq.(5-2), the following form of Archie’s equation

was obtained:-

/0.010 »
Sw': ——————————— L I N N I A A N 5“5
g, 1-917 Re

Where,

g, is the calculated porosity using the trianq\le method.

5-2 Practical application of the Modified Archie’s equation

We have used Eq.(5-5) to calculate the water

saturation of some of clean sand stone intervals selected

from the Zubair formation, as shown in Table (5-1).
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CHAPTER 51X

CONCLUSTIONS A RECOMMENDATIONS

6-1 Conclusions:-
Relying on log interpretation and statistical

analysis, somc aignificant observation have been made.

.\ - - . $ -
Although some of these observatior: are new conclusions,

others nerely represent the qualitative substantiation of
general knowledge.
The results of this study indicate that:-

1- The statistical programme uscd to compare porosity values

4

derived from logs and core porosity is found to give good

corrclation paramecters.

2- Through its high percentage errors, obtained from

statistical programme, the time average equation used in

porosity detcrminntion of Zubair formation gives

unsatisfactory results when compared with results
obtained from other methods.

2- Through the statistical progranne, it is found that

cffective porosity (fe) obtained by Pu-Px crossplot

(usirz trianglc method) gives the - best correlation
parameters when compared with core porosity.

{- Decause 'CCR' log is unavailable in all the tested wells;
a new technique for shale volume determination from 'SGR’
log is used. Good values of 'Vsn' are obtained by using

the derived equations from this technique,
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5- A modified and particular from of Archie cquation for
zubair formation is developed to ba used with good
confidence, when comparing its results with flow tests,
for saturation determination in the clean sections of

this formation.

For further investigations, the following pertinent
recommendations are proposed:

1- Although, the run of Neutron and Density logs costs $8.35
per foot while the run of Sonic log costs $1.96 per
foot(36), the use of @nx-Pv crossplot technique (using
triangle method) for porosity determination of Zubair
formation is recommended.

2- A similar study can be performed by using other
regression techniques to obtain better correlation
parameters.

3- To extend the work, it is recommended to use other models

for determination of water saturation (Sw), such as

Volan, Coriband ... etc.
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APPERNDIX A

GTATISTICAL PROGRAM

- - - - -
- e - -
- - - . . o o . 0 4 8 S S SN e .

DI FCIO0Y , PLCIODY ,P2C100Y,PAC1I0) ,PACI00) ,PEC100) PECI00) ,P7¢100),PECIOD)
AM=0EAT=0 TR0 1AS= 0 1A= 0 1AS=0 1A 520 1A7=0 1AB=0
LPRINT "MO.  CORE  WyLL. DATR. FLUID  AVER, EFFE. NEUT. DENS. CHARTY
"LPR“\” ‘momeoee 9 (0 W e e e vy SR RS O 0 BT 0T OR 7 £ U 09 6N £ 01 ) £ 0N a0 ST ST nfﬂn,---«—r--q—'wﬂﬂ1-1-|H-1*!f\-ﬂ-22.11'=‘_‘.*:"
FOR 1=1 TO 821READ FUHCLY ,PLCEY ,P2CTY ,PACTY ,PACTY  PSCL) PECT),P7CT) POCD)
ﬁUiﬁU'ET""”‘"ﬁl'Pltl):n:vnzoP2<|>=n3<n3'rnc1):nd—n4-P4<l)
ATEATIPSCLY tAG=AEIPECT) IA7=ATIPZ (1) 1AB=ASIPBCT) 1 LPRINT 1
ht:}N: USTHG NI, 00 3 FHCTY $PICTY $P2CTY gP3CT) jPACT) jPICT) jPECTY jP7CD)
LPRINT "ABSOLUTE AVERAGE PERCENT ERRUR ANALYSIS OF METHODS®

LFRINT “"mm=emeccascsncornsssess ——==:€s:!::::=r:=r::!rlnnﬁﬂ-1-"1.-—9:1"

TI=0:T2=01T2=0:Td=0:T5=0:T6=0:T7=0:T6=0
Cl=0:C2=0:C3=0:C4=0:C5=0:C6=0:C7=0:CB=0
S1=0:52=0153=0154=0:55%=0:S6=01:57=0:58=0
iﬂf?ﬁjaz:A2=A2/82:A3=A3/82:A4=A4/32:AS:nS/SZlméﬂnélgzxn?nn?/BZ:AG=AS/32:
All=all/ 82 .
R1=0:R2=0:R3=0:R4=01R5=0:Ré=0 :R7=0:RB=0
01=0:02=0:03=0:094=0:05=0:06=0:07=0:08=0
B1=0:B2=0:B3=0:B4=0:B85=0:B4=0:B7=0:B88=0

PRINT "NO. WYLL. MATR, FLUID AVER. EFFE.  NEUT.
FOR 1=1 TO 82
El=10ﬂ*)P1(I)—PH(I))/FH(])1T1=T1*E1:Sl=Sl+El"2:Ci=Cl+(Pl<1)-AI)!(FH(I)—QM)
TRI=R14CPICI)-A1)A2:01=01+CPMC1) =AM ~2:B1=B1+ABSCE1) tEEI=ABS(EL)
-2=100ﬁ(P2(1)—H1(l))/FH(l):T2=T2+E2=S2=52+E2*2=CE=CZr(P2(1)—A2)H<FH(I)—AM>
VRZ=R2+(P2(1)-A2)~2:02=02+(FIC 1) -AM) ~2:B2=B2+ABS(E2) :EEZ=ABS(E2) .
E2=1UUK(P3(I)-PH(I))/PH(I):T3=T3¥E3:53=53*E3‘2:C3=CBP(P3<l)-Aa)*(PH(!)—AH)
{RA=R3+(P3¢1)-A3)~2:03=03+(PH{ 1) -AM)~2:B3=B3+ABS(E3) :EE3=AB3(ED)
E4=100¥(P4(1)—PH(I))/FH(I):T4=T4+E4184=84+E4“2:C4=C4r(P4([)-Ad)*(FH(l)-AH)
:R4=R4+(P4(l)-Aq)“2:04=04+(PM(l)—ﬁH)“2:84=Bq+ABS(E4):EE4=mBS(E4)
E5=100§(P5(1)—PH([))/PH(I):TS=T5+E5:SS=SS*E5‘2:C5=C5+(P5(l)-AS)!(FH(})—AH)
:R5=R5+(P5(l)—AS)“E:DS=05+(FH(1)—ﬁH)“2:BS=BSFABS(ES):EE5=ABS(ES)
E6=1UU§(P6(1)—PH(I))/PH(I):T6=T6+E6:86=SS+E6*2:Cé=Cév(Pé([)-Aé)*(FH(l)-RH)
:R6=R6+(P6([)-Aé)‘2:0$=06+(FH(l)—AH)“2:86=86+ABS(E6>:EE6=QBS(E6) -
E7=100*(P7(I)—PM(I))/FH(I):T?=T?+E?:S?=S?+E?“2:C?=C?+(P?(I)—ﬁ?)*(PH(I)-AH)
:R7=R?+(P7(I)—A?)"2:07=07+(PH(1)—AH)“2:87=B?+ABS(E?):EE?=ABS(E?)
E8=100*(P8(1)-PH(I))/FH([):T8=T8+EB:SS=88+E8‘2:CH=CB+(PS(l)-AB)*(FH(I)-AH)
. RB=R3+(PS(1)-A8)~2:05=03+(FI(1)-AM)~2:BI=BB+ABSCEB) :EE8=ABS(ED)

PRIMT 1;:PRINT USING 4t " JEE] tEER:EE3:EE4:EES:EES:EE7 :EEB

NEXT 1

N=82:N1=72 .
Tl=T1/N:El=Bl/N:SDl=(I/H)*(NRSI-T1“2)”.5:CF1=CI/(R!*DI)“.S

T2=T2/N:BZ=B?/N:SDE=(l/N)*(NﬁSZ—T2“2)‘.5:CF2=C2/(R2*02)“.5
T3=T3/N:83=BS/H:SDS=(l/H)*(N*S -T3%2)"~,5:CF3=C3/(R3*03>".5
T4=T4/H:Ed=84/N:SDd=(!/N)#(N*SJ—T4“2)“.5:CF4=C4/(R4l04)“.5
TS=TS/H1:HS=U5/N1:SDS=(l/Hl)*(Nl*SS—TS“Z)“.5:CF5=C5/(R5*05)“.3
T6=T6/N:85=86/N:SD6=(l/N)*(H*Sd-Tﬂ"Z)“.5:CF6=C6/(R6*06)“.5
T?=T7/H:E7=E7/N:SD7=(l/N)*(NES?—T?“Z)“.5:CF?=C?/(R?*07)“.5

PaCl

DENS. CHART®

T5=TE/N:B3=B8/M:SDE=(1/N) ¥(N*§8-T8~2) " .5:CFE=CB/(RB*0 *.5
LPRINT “CORRELATIONS APE AAPE SD CF"
LPRINT “=== = .
LPRINT “WYLLIE “yTL;Y "Bl “;8D1;" “jCFl
LPRINT *MATRIX wTZ “yB2;" "js02;" ";CF2
LPRINT "FLUID “iT3;" “;B3;" ":SD3;" “iCF3

LPRINT "AVERAGE  "jTd;*  “jBaj*  ";SD4;"  “CF4
LPRIMT “EFFECTIVE “jT5;"  *jBS;"  *{SD3;"  “j{CFS
LPRINT “MEUTRON  ";Té;"*  “;Bé;"  “ySDé;"  “;CFé
LPRINT "DENSITY  ";T7;"  “;jB73"  “jsD7;*  “jCF7
LPRINT *BOOK CHART "jT8;"  *;B8;"  ";sbDe;*  “;CF8
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Table (A-1)
Measured-calculated porosity values and
shale volume of the chosen intervals

of Zubair formation

...........
N - - - N -
=

well No Depth  Measured =-----m-—---—m--mm———cc——==m=—====m=ssssssess ‘ ™ale
n porosity Sonic Neutron Density FPy-@y crossplot volwee
3 log Tog log  (triangle method) .
ER-T7 3001.5 20 17.1 19.5 19.5 19.8 L
3015 24.5 21.9 22.3 g2:.1 22.4 v
3030 22 19.7 23 23 23.3 FEN
3041 21 17.7 20.8 20.9 21 Y
3057 22 19.5 23.8 24 24 AN
3074 22 19.1 23 23 23.2 ZED
3078.5 19.2  17.3 ~ 18.5 18.3 18.7 RN
3082 16.1 13.7 15.7 15.7 16 a7
3093 22 18.2  21.5 21.3 21.%7 2
3104 22 19.8 21 20.9 5 B S
3114.5 22.5 19.1 21.9 21.6 22 PRI
3161 22.2 19.1 21 20.7 21.0 2NN
3175 22.5 20.8 24 24.2 24.3 NN
CR-55 3243 17.5 14.5 16.05 16.03 16.2 §
3255 22,2 19.0 21.2 21.09 22 N
3278 23 19.1 22.3 22.4 22.5 2o
3295 20 16.8 19.8 19.8 19.7 )
3298 22 18.6 21.4 21.2 21,4 TSN
3305 24 20.8 23.3 22.8 23 ETIN
3309.5 21.5 17.6 21.1 20.9 21,1 2
3316.5 19.5 16.2 18.8 18.5 18.8 2.8
3330.5 21.5 18.0 21.2 20.7 21,1 ' PTINN
3338.5 19 15.4 18.3 17.8 18.3 3.3
3365 20 16.09 18.9 18.6 19.0 TSN
3405 21.5 17.9 20.9 20.6 20,8 3.3
3417.5 20 16.9 19.3 18.9 19.3 ETU RN
3445 20.8 18.0 19.8 19.3 19.6 PR
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7678
VAR
38T
KRN
RRER

19 2006, 5

S1056,56
.8
$117.5
K136
141,95
3160
3160
3169, 5
183,56
3248

wes6 3022

3127.5
3137.5
4153.5
3180
3186
3192.5
3196
200
3200
3217.5
3214

J268

-
- v
BuTmEmmEm .Y —-.--....---.--—--——-A--l"

15.3

_.-.-—--—-—-_.-__.-
- .. -wu_u---.-..--——-—-———----—-—--—-——-—-—-

m——————

|
16,1
1.4 :3:: :g'z zero
17,3 17.1 17'; zero
A 181 18.4 g
14,2 18 X zero
19,5 19,3 13'? .
13,6 12.8 " .
18,1 17.5 18 )
16,3 16.1 16.5 i
15 13.6 5

16,4 15.2 15,7 ZEC0
16,9 16,6 17 10
16.8 17.0 17 z;

” 2ro
19 18.9 19 zero
16,5 16.3 16.6 zero
17.3 17.2 17.3 e
18 18.2 18.2 zero

.l 1 21.4

19.2 19,09 19.5 g
14.5  14.3 14.7 13
15.9 15.7 16.3 13
21.‘1 21.2 21.2 zero
19.5 19.3 19.6 2.0
21.4 21.2 21.5 zero
22.2 22.1 22.4 2.0
20,3 20.3 20.3 zero
22.1 21.9 22.2 zero
18.4 18.1 18.4 zero
15.9 15.5 16 10.0
21,04 20.6 21 4.0
21.4 21.1 21.9 3.4
24 23,5 24 zero
21.8 21.5 21.8 1.2
19.8 19.6 19.8 3
21 20.7 21 zero
22,6 22.1 22.6 zero
19,5 19.3 19.7 6.0
22,1 21.9 22.3 zero
21.9 21.6 22 zero
19,9 19.1 19.4 zero
8 17.7 18.1 .
17.1 16.9 17.3

——————
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